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Abstract. The research object is multilayer photosensitive structures with a porous silicon 

working layer and a semiconductor zinc sulphide. The purpose of this work is to study the 

effect of the zinc sulphide coating thickness on the structure optical properties. The reflection 

and photosensitivity spectral characteristics of structures with various thicknesses zinc sulphide 

coating were studied. It was shown that the optimal coating thickness is 0.056 micrometers 

A promising direction to improve the efficiency of silicon solar cells is the transition to multilayer 

structures with anti-reflective coatings. The main losses in structures based on single crystal silicon(c-

Si) are associated with the inability to absorb photons whose energy is less than the width of the 

silicon band gap and thermalize photons with energy greater than the band gap width. To eliminate 

these losses in the construction of silicon solar cells, the strategy of using multilayer structures of 

materials with different density is applied. Nanocrystalline silicon is a material with a band gap greater 

than that of monocrystalline silicon. 

A simple and effective way to obtain nanocrystalline silicon is to create a layer of porous silicon on a 

monocrystalline silicon substrate [1]. The advantages of the resulting porous layer are a high degree of 

absorption of incident light on the surface, reducing the rate of surface charge recombination. A 

significant light reflection coefficient (35-40%) from the silicon surface in the spectral sensitivity 

range of photovoltaic devices (400-1100 nm) necessitates the clarification of the working surface of 

the silicon solar cell. At the heart of the action of most antireflective coatings is the phenomenon of 

interference of light waves. For silicon solar cell, a semiconductor coating of zinc sulfide is often used, 

which is also a sub-alloying layer that reduces contact resistance. Experiments with porous silicon 

conducted by a number of researchers have shown that it exhibits good anti-reflective properties [2]. 

However, the combined effect of the porous layer and the interference coating on the properties of 

solar cells has not been investigated. 

In this paper, the optical and photoelectric properties of multilayer photosensitive structures containing 

layers of porous silicon and zinc sulfide are investigated. The porous layer was prepared by 

electrochemical etching in an alcoholic solution of hydrofluoric acid. Zinc sulfide films were 

deposited by thermal evaporation in vacuum at different deposition times. The thickness of the porous 

layer was about 8 microns, the thickness of zinc sulfide films ranged from 0.027 to 0.063 microns. 

Studies of the spectral characteristics of reflection have shown that the thickness of the ZnS film has 

little effect on the course of the curve in the visible range, indicating a high transparency of zinc 

sulfide in this region of the spectrum (Fig.1).At the same time, the reflection in the infrared part of the 

spectrum decreases with increasing thickness. 

Photosensitivity studies also show a dependence on coating thickness. A thin layer of ZnS (0.027 µm) 

and a thick layer (0.063 µm) reduce the sensitivity of the samples. Better sensitivity was shown by 

structures with a film thickness of about 0.056 microns (Fig.2). 
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Figure 1. Spectral reflection characteristic of structures with different ZnS thickness 

 

 
Figure 2. Spectral characteristic of photosensitivity of structures with different ZnS thickness 
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Abstract. In this work, a versatile method to increase the optical response of the oxide 
nanostructures is proposed. It combines a magnetron deposition of oxide matrix with the 
thermal deposition and aggregation of metallic nanoparticles, allowing the preparation of wide 
band gap oxide heterostructures with buried plasmonic Au nanoparticles. Thin layers of Si/TiO2 
and Si/NiO were deposited by reactive magnetron sputtering in a 2D nanostructure, followed 
by 2.5 nm gold layer thermal deposition and thermal annealing at 550 °C to induce the growth 
of the Au nanoparticles. Then Si/TiO2/AuNP and Si/NiO/AuNP were covered by TiO2 and NiO 
respectively. The reflectance maximum of the LSPR band appeared at around 720-750 nm for 
both heterostructures. It is demonstrated that Si/TiO2/AuNP/TiO2 and Si/NiO/AuNP/NiO 
nanostructures can enhance optical response in comparison with Si/TiO2 and Si/NiO. The 
results obtained indicate a broad prospect of using the formed structures in the field of 
integrated optoelectronic devices. 

1. Introduction  
The ability to control the propagation of electromagnetic waves underlies integrated nanophotonics 
[1]. One of the control methods is the organization of surface plasmon resonance. Localized plasmon 
resonance (LPR) is a development of the model of surface plasmons for the case of geometrically 
isolated nano-objects whose geometrical dimensions are comparable to the wavelengths of the 
excitation plasmon radiation [2]. Specifying the shape and size of the nanoobject allows to control the 
optical absorption of the nanoparticle due to the displacement of the resonance peak. For example, an 
increase in the diameter of gold nanoparticles from 25 to 84 nm leads to a shift in the peak of the 
photoluminescence peak from 300 to 500 nm under ultra violet irradiation [3]. 
Plasmonic vibrations are sensitive to the properties of the medium in which they propagate. So, for 
example, a change in the refractive index of the medium leads to a shift in the resonance frequency. 
This effect is used in Surface Enhanced Raman Spectroscopy (SERS). The LPR effect is also used in 
magnetic data recording [4], cancer phototherapy [5] and in thermovoltaic devices [6]. 
The introduction of plasmon nano-objects, for example, gold nanoparticles (AuNP), into the matrix of 
wide-gap material allows to translate the edge of the fundamental absorption of the material into the 
visible region [7] and control the type and magnitude of the conductivity of the material [8]. 
In this paper, we propose the implementation of LPR on gold hemispherical particles buried in a 
semiconductor oxide matrix (fig.1). An analysis of the literature shows that such heterostructures turn 
out to be effective highly sensitive elements of optical sensors for various purposes. The aim of this 
work was to obtain Si/TiO2/AuNP/TiO2 and Si/NiO/AuNP/NiO nanocomposite coatings active in the 
visible wavelength range and study their properties. 
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Figure 1(a, b). (a) Schematic plasmonic heterostructures Si/TiO2/AuNP and Si/NiO/AuNP; (b) Top-
view Si/TiO2/AuNP. 

 
2. Results  
In this work, a technique for optically active nanocomposite structures consisting of an oxide matrix 
containing plasmonic NPs formation were demonstrated. The aim of the work was to validate the 
proposed methodology and study the optical and electrical characteristics of the plasmonic 
heterostructures Si/TiO2/AuNP/TiO2 and Si/NiO/AuNP/NiO. The structures coatings fabricated showed 
a maximum reflection in the visible (red region) of the spectrum, which corresponds to the LPR region 
of gold nanoparticles. The resulting structures were characterized by satisfactory surface and through 
conductivity, the ratio of light and dark currents reached 5/1 in the case of Si/TiO2/AuNP/TiO2.  
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Abstract. The work is devoted to an analysis of the processes taking place at the surface of the 
multicomponent crystal during its growth in step-flow mode. It is shown, that at certain 
conditions nucleation and even self-organization of pure components in a form of nanoislands 
can take place. The mechanism of formation of such islands is discussed. The criterion for the 
conditions at which nucleation takes place is derived.  

1. Introduction 
 Nowadays, multicomponent crystals and thin films are increasingly being used in modern 
electronics, optics, and many other directions of technology, instead of single-components ones (like 
classical semicondutors: silicon and germanium). Such materials as widebandgap semiconductors 
(GaN,AlN,SiC) found applications in optoelectronic devices and high electron mobility transistors. In 
order to make a device of high efficiency, it is necessary to produce its basement – crystalline thin films 
of high quality. In this regard, a detailed understanding of the crystal growth mechanisms and their 
theoretical description is one of the high priority tasks. The theory of the single-component crystal 
growth is well-developed, however, there are still some white spaces in the multicomponent crystal 
growth. In papers [1-2] authors have extended the existing theory of crystal growth via step-flow mode 
(Burton-Cabrera-Frank mode [3]) for multicomponent case. The main equations, describing growth rate 
and distribution of adatoms of different components near the step were derived.  Some phenomena 
inherent to multicomponent systems were also demonstrated.  One of the effects mentioned in [1] was 
the formation of islands of pure components at the terraces.  Indeed, during the growth of some materials 
(like gallium nitride in excess of gallium [4]) one can observe in certain cases nucleation of pure single-
component islands at the terraces. Since nucleation of nanoislands greatly affects distribution of adatoms 
at the terrace, it also greatly influences the advancement of steps and thus the overall crystal growth 
process. Even single-component crystals [5] demonstrate such behaviour sometimes. Thus, the main 
goal of this work is to analyze the process and to find criterion, at which conditions the formation of 
nanoislands at the terraces between the steps take place. 
 
2. Nucleation mechanism 
 Let us consider multicomponent crystal, growing from its vapors according to the reaction: 

𝑨𝑨𝟏𝟏 + 𝑨𝑨𝟐𝟐+. . +𝑨𝑨𝒏𝒏 ↔ 𝐂𝐂(𝐬𝐬) 
where Ai  are  the initial components, 𝐂𝐂(𝐬𝐬) is the crystalline phase. This chemical reaction is in equilibrium 
when ∏ 𝑷𝑷𝒊𝒊𝒏𝒏

𝒊𝒊=𝟏𝟏 = 𝑲𝑲𝒆𝒆𝒆𝒆, that is the product of pressures 𝑷𝑷𝒊𝒊 of all components equals to equilibrium 
constant 𝑲𝑲𝒆𝒆𝒆𝒆 and thus evaporation of adatoms of all components is stabilized with fluxes from vapor to 
surface. If ∏ 𝑷𝑷𝒊𝒊𝒏𝒏

𝒊𝒊=𝟏𝟏 < 𝑲𝑲𝒆𝒆𝒆𝒆 the crystal starts to evaporate, whereas if ∏ 𝑷𝑷𝒊𝒊𝒏𝒏
𝒊𝒊=𝟏𝟏 > 𝑲𝑲𝒆𝒆𝒆𝒆  it grows. If 
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supersaturation is very low ∏ 𝑷𝑷𝒊𝒊𝒏𝒏
𝒊𝒊=𝟏𝟏
𝑲𝑲𝒆𝒆𝒆𝒆

− 𝟏𝟏 ≪ 𝟏𝟏, the preferable mechanism of growth is step-flow growth 

[1,3]. At this mechanism, as it was shown in [1,3], the surface concentrations of each component are 
maximal at the terrace between the steps. Thus, if the concentration of some component exceeds critical 
value for single-component nucleation, the formation of nanoislands will begin. Schematic 
representation of the described process and growth modes for two-component AB crystal is shown at 
Fig. 1. If the fluxes JA and JB from vapors are too low, then evaporation (or dissolution) of the crystal 
takes place. If the fluxes JA and JB not exceed equilibrium value too much, then the crystal grows in step-
flow mode. If the flux of one of the components is too high and exceeds critical value (JAcr or JBcr), then 
surface concentrations of adatoms (nA or nB) exceed their critical values (nAcrit or nBcrit) and nucleation 
of the corresponding component at the terrace begins. Figure 1b demonstrates relation between (nA, nB, 

nAcrit or nBcri) and shows the resulting nanoislands at the terraces at three cases, marked at Fig. 1a. 

   
Figure 1. Schematic representation of the growth modes of two-component AB crystal depending on 
the fluxes of the individual components Ja, Jb (a). Distribution of adatom concentrations nA and nB (b)  

at the terrace at the modes, marked with 1, 2 and 3 on figure (a) and resulting nanoislands.   
 
In this work we found relations between the multicomponent crystal growth rate derived in [1] and 
fluxes of the components, at which nucleation and self-organization of pure components into 
nanoislands may begin. The calculations were made based on the classical theory of nucleation. 
Comparing time of nucleation of single pure-nanoisland τn with the time τs, which is needed for the 
moving step to overcome interstep distance allows one to make the following estimates. If τn< τs, then 
at least one island will have time to nucleate. It will change the surface distribution of adatoms and thus 
the theory proposed in [1,3] for step-flow mode will become inapplicable. If vice versa τn> τs then the 
crystal growth will proceed via the classical BCF [1,3] mechanism. 
 
3. Conclusions 
 The formation and self-organisation of pure components at multicomponent crystal growth via 
step-flow mode is considered. A criterion is found for the regimes at which nucleation of pure 
components takes place. The results can be used to choose crystal growth conditions at which growth 
proceeds via classical step-flow mode. 
A.V. Redkov thanks the Russian Science Foundation (grant #19-72-00082) for the support of this work. 
  
[1] Redkov A V,  Kukushkin S A 2020 Crystal Growth and Design doi: 10.1021/acs.cgd.9b01721 
[2] Redkov, A. V.; Kukushkin, S. A.; Osipov, A. V. Spiral growth of a multicomponent crystal from 
vapor of its components. Unpublished work, Proceedings of ECCG6 Conference in J. Cryst. Growth, 
2018 
[3] Burton W K, Cabrera N, Frank F C 1951 Philos. Trans. R. Soc. A 243 299– 358 
[4] Karpov S Y, Bord O V, Talalaev R A, Makarov Y N 2001 Mater. Sci. Eng. B  82 22–24 doi: 
10.1016/S0921-5107(00)00784-4 
[5] Latyshev A V, Aseev A L 1998 Phys.-Usp. 41 1015 doi: 10.1070/PU1998v041n10ABEH000462 

26



 
 
 
 
 
 

Oriented nanonetworks and submicron fibres of nickel as a 
conducting coating 

I Nizameev1,2, M Morozov2, G Nizameeva3, S Spiridonov2, M Kadirov1  
1Arbuzov Institute of Organic and Physical Chemistry, FRC Kazan Scientific Center, 
Russian Academy of Sciences, Kazan 420088, Russia 
2Kazan National Research Technical University named after A.N. Tupolev - KAI, 
Kazan 420111, Russia 
3Kazan National Research Technological University, Kazan 420015, Russia 
 
Abstract. Within the framework of the work, a methodology was developed for applying 
oriented nickel nanonetworks to glass, combined into a single system with an oriented network 
of submicron nickel fibres. The applying technique is original and has not been previously 
reported in the literature. The basis of the technique is precipitation from the liquid phase by 
chemical reduction of the nickel salt. The created coating could be interesting for the 
application in the transparent electrodes field. 

1. Introduction 
The use of conductive optically transparent coatings has expanded significantly thanks to the 
development of optoelectronic devices operating on transparent electrodes, such as touch displays and 
sensors, smart windows and solar panels. In this work, we develop an alternative to indium tin oxide 
(ITO). ITO is an electrically conductive coating on a glass surface. The developed coating will have 
good transparency. The basis of the coating is oriented networks [1-7] of nano- and submicron nickel 
wires. Nickel is a good conductor of electric current. The basis of the technique is precipitation from 
the liquid phase by chemical reduction of the nickel salt. The main aspects and concepts of the idea 
were discussed in our previous works [7-8]. The use of an external magnetic field allows obtaining a 
long-range orientation. 

2. Results and discussion 
The shaping and orientation of the resulting system are carried out using a micellar template of a 
surfactant and a magnetic field. Submicron nickel fibres are used to impart unity to the plurality of 
individual-oriented nickel nanonetworks. The result is a single conductive coating on the surface of 
the glass.  
The nickel nanowires synthesized in this work have a height of less than 10 nm and a width of about 
30 nm. Elemental analysis of nanowires was carried out on a transmission electron microscope (TEM) 
with an energy dispersion attachment. Nickel submicron fibres, also synthesized in a magnetic field by 
chemical reduction of nickel chloride, are used to create the second level of the network. The 
submicron network plays two roles: the role of the supporting frame for oriented nanonetworks and 
the role of the electrically connecting element between the oriented domains of the nanonetworks 
(Figure 1). Studies by spot X-ray fluorescence analysis confirmed that the fibres are composed of 
nickel. 
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Figure 1. Microscopy images of surface areas of a glass substrate coated with an oriented nickel 
network: optical microscopy (A), confocal microscopy (B) 

 
In addition to nickel lines, the spectrum contains lines corresponding to the substrate: carbon line 
(Kα1 = 0.28 keV) and copper lines (Lα1 = 0.93 keV, Kα1 = 8.05 keV, K1 = 8.90 keV). 
The surface resistance of the obtained coating on the glass surface was studied by the standard Van der 
Pauw technique of four-probe measurements. The surface resistance value of the oriented nickel 
network plus PEDOT: PSS polymer system was 220 Ohm / sq. For comparison, a pure polymer 
deposited by the same procedure has a surface resistance of 5730 Ohm / sq. 
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Abstract. In the presented work, the method of substitution of atoms was used to form an 

epitaxial nanostructured profiled SiC layer with a given geometry on a Si crystal. The effect of 

the process of substitution of atoms on the morphology of a nanostructured Si surface 

depending on the synthesis time is studied. The conditions are found under which a SiC layer is 

synthesized on a nanostructured Si surface without modernization of the initial structure. 

Introduction 

 

In the works [1, 2], the method of atomic substitution was presented and theoretically described, which 

is a fundamentally new technology of coating a Si crystal with a thin layer of silicon carbide (SiC) 

using the chemical reaction (1).  

  (1) 

The new principle of this method is that the growth of SiC occurs inside the matrix of the Si crystal by 

replacing part of the Si atoms with carbon atoms (C). Previously, the method of atomic substitution 

was used to grow epitaxial SiC layers on porous Si substrates [3, 4]. In this work, the method of 

atomic substitution is used for the first time to coat a nanostructured ridgy surface of a Si crystal with 

a thin layer of SiC. 

Experimental methods 

For the research, we used Si substrates of KDB-12 grade with a crystallographic orientation of (001), 

which were nanostructured by the Wostec technology. Using this technology, a nanoscale ridgy 

structure of a triangular shape, oriented along the [011] direction with an average period λ ≈ 86 nm 

and a height h ≈ 63 nm, is obtained. Top and bottom images of the initial nanostructure are shown in 

Figure 1. For all samples, the SiC coating was synthesized in an atmosphere of carbon monoxide (CO) 

and silicon tetrahydride (SiH4) with a pressure of 2-3 torr within 10 minutes. For each sample, the 

synthesis temperature was different. The process of substitution of the surface layer of Si with SiC was 

carried out at synthesis temperatures from 700 °C to 1300 °C. The increase in the chemical stability of 

29



SiC/Si nanostructures was checked by etching in 5% hydrofluoric acid (HF) for 30, 45, and 120 

seconds. Changes in the geometry of the nanostructure after synthesis and chemical etching were 

monitored using a Supra 40 scanning electron microscope (SEM). 

  

Figure 1(a, b). SEM images of the initial Si nanostructure. (a) View from above; (b) Side view. 

Results 

Etching of the initial nanostructured Si surface in 5% HF during 30 seconds led to the complete 

disappearance of the characteristic ridgy nanostructure. Analysis of SEM images of synthesized 

structures showed that the samples according to structural features can be divided into two types. The 

first type includes samples that were synthesized at a temperature of 1100 °C and above. As can be 

seen from Fig. 2a, the structure of samples of this type radically changed, the sharpness of the ridgy 

nanostructure became dull, and pores formed under the surface. The structure of these samples did not 

change after etching during 120 seconds, which indicates the presence of a protective layer of SiC on 

the surface. Note that as the synthesis temperature increases, the surface roughness decreases, i.e. the 

height of the characteristic ridgy nanostructure decreases. The remaining samples retained their 

characteristic ridgy nanostructure without visible changes. Figure 2b shows an image of a sample that 

was synthesized at a temperature of 1000 °C. 

  

Figure 2(a, b). SEM images of the SiC / Si nanostructure. (a) Sample after synthesis at a temperature 

of 1100 °С; (b) Sample after synthesis at a temperature of 1000 °С. 

According to the SEM data, it is clear that the structure is identical to the initial one. Etching for 30 

seconds did not affect the nanostructure of the samples of the second type except for the sample that 
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was synthesized at a temperature of 700 °C. In this case, the ridgy structure completely disappeared, 

indicating the absence of a SiC protective layer. An increase in the etching time to 45 seconds leads to 

an appearance of structural changes on the surface of the samples synthesized at temperatures of 800, 

900, and 1000 °С. These changes are the complete or partial etching of the nanostructure. The sample 

with a synthesis time of 1000 °C turned out to be the most resistant to etching. The image of the 

surface of this sample after 45-second etching is shown in Figure 3a, the residual ridgy structure is 

clearly visible, which is significantly decreased in height. Note that with increasing synthesis 

temperature, the effect of etching decreases. Etching for 120 seconds completely dissolves the ridgy 

structure of the samples synthesized at temperatures of 800 – 1000 °C. The analysis of synthesized 

nanostructures showed that in order to form an effective profiled SiC layer on a nanostructured Si 

surface, it is necessary to carry out its synthesis by the method of substitution of atoms at temperatures 

between 1000 °C and 1100 °C. In order to select the optimal conditions, a Si substrate with a ridgy 

nanostructure was synthesized at a temperature of 1050 °C. According to SEM, the synthesized 

structure retained its original geometry. Etching of this sample in 5% HF for 30 and 45 seconds did 

not affect the nanostructured surface. Figure 3b shows the surface of the sample, which was 

synthesized at a temperature of 1050 °C after 120-second etching in 5% HF. It is seen that the initial 

ridgy structure was preserved in its original form. 

  

Figure 3(a, b). SEM images of the SiC/Si nanostructures after etching. (a) SiC/Si nanostructure 

synthesized at 1000 °С after 45-second etching; (b) SiC/Si nanostructure synthesized at 1050 °С after 

120-second etching. 

Thus, it has been shown that the method of substitution of atoms can be successfully used to create 

profiled and chemically stable nanostructured surfaces on Si. Optimal conditions have been selected, 

under which, on the one hand, the nanostructure retains its characteristic geometric features, and on 

the other hand, it is coated with an effective protective, profiled SiC layer.  
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Abstract. A new method of nanoholes formation by molecular-beam epitaxy (MBE) on 

different silicon substrates has been investigated. The dependence of substrate orientation and 

doping type on the shape of the nanoholes has been studied. The samples with an array of 

nanoholes with 25 nm depth and 6·10
8
 cm

-2
 density for subsequent monolithic selective growth 

of quantum dots (QD) have been received. 

Currently silicon plays a key role in the semiconductor electronic industry. However, indirect nature of 

its band structure extremely complicates the optoelectronic devices implementation on silicon [1]. On 

the other hand, direct-band compounds of III-V materials are widely used in different photonic 

devices, such as lasers and photo detectors. Thus, the integration of direct bandgap A3B5 compounds 

with Si is crucial for the realization of photonic integrated circuits [2]. 

There are several methods of integration direct-band A3B5 compounds and silicon. One of them is 

based on incorporation of QDs as active regions directly in silicon substrate [3]. It has been shown yet 

that the utilization of pre-patterned substrate surface can be used to control position and form of QDs 

on the substrate [2]. Different methods of pre-growth substrate treatment are usually used for patterned 

surface preparation, such as electron beam lithography and dry chemical etching [4]. These methods 

provide an opportunity to form an ordered array of nanoholes on the substrate surface with certain 

precision. In the paper [5] it has been shown that subsequent epitaxial growth can be used to 

synthesize QDs of given composition in the formed array of nanoholes. However, existing methods of 

pre-growth substrate treatment can lead to increase of the structure cost and degradation of the growth 

surface and therefore the active region. 

Here we report on a new method of nanoholes formation on silicon surface for subsequent monolithic 

selective growth of QDs. The method of chemical preparation of the Si substrate and certain 

conditions for the growth of the buffer layer by MBE to create an array of nanoholes with 25 nm depth 

and 6·10
8
 cm

-2
 density has been developed. The dependence of the nanoholes depths on the buffer 

layer thickness has been investigated. Furthermore, the dependence of the orientation and doping type 

of substrate on the shape of the nanoholes has been studied. 
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Abstract. In work, the dependence of the sheet resistance of oriented platinum nanowires 
network on the amount of metal used is investigated. Oriented platinum nanowires are obtained 
by chemical deposition from an aqueous solution of hexachloroplatinic acid on a glass surface. 
The topography of the deposited metal layer on the glass is visualized by atomic force 
microscopy. It has been established that the platinum layer has good optical transparency. The 
synthesized coating would be of interest in terms of applicability as an optically transparent 
electrode. 

1. Introduction 
Recently, much attention has been paid around the world to the creation of optoelectronic devices that 
operate on transparent electrodes. These include organic transistors, touch displays and sensors, smart 
windows and solar panels, flexible screens with a large diagonal. Coatings of this kind should combine 
such properties as transparency in the visible range of radiation and high conductivity. In work, we 
develop an alternative to indium tin oxide (ITO). ITO is an excellent transparent electrode, but it has 
some disadvantages. 

2. Results and discussion 
An original technique was developed for creating a transparent electrically conductive coating based 
on oriented networks of platinum nanowires [1]. Platinum nanowires are obtained by chemical 
deposition from the liquid phase using the micellar template cetyltrimethylammonium bromide 
(CTAB) as the form-setting and orienting component. The application of nanonetworks is made on 
glass, using a small amount of platinum. Platinum nanowires at the height of 3-6 nm have a width of 
50-60 nm, which corresponds to the shape of tape or strip. The ratio of strip length to width is 
approximately 500 : 1. The strip orientation is high, and the density on the glass surface is low [1]. 
This phenomenon contributes to obtaining high optical transparency of the layer with a small value of 
the surface resistance of the coating (Fig. 1). 
In addition to developing the concept of creating new types of transparent electrodes, the dependence 
of the electrical conductivity of the coating on the amount of platinum used is investigated. Different 
values of platinum concentrations on the surface of the glass substrate were used to synthesize 
coatings. The coatings were investigated by the van der Pauw method of four-probe measurements of 
surface resistance. The concentrations of the metal used in the initial solution are as follows: 0.01 mM, 
0.02 mM, 0.05 mM, 0.1 mM, 0.2 mM, 0.5 mM and 1 mM. Percolation conductivity arises only at 
concentrations of platinum equal to 0.1 mM. Sheet conductivity at this concentration is 521 S / cm. 
For other concentrations, the average conductivity is 0 S / cm. 
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Figure 1. Schematic representation of the results of work 
 
Elemental composition of the samples was investigated by means of X-ray fluorescence analysis using 
EDX attachment of transmission electron microscopy (TEM-EDX). Figure 2 shows spectrum 
corresponding to the pure sample (platinum lines are Mα1 = 2.050 keV, Lα1 = 9.442 keV). The 
spectrum contains lines of copper and carbon, which corresponds to a substrate on which nanowires of 
platinum are deposited. 

 

Figure 2. TEM-EDX spectrum of platinum nanowires 
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Abstract. In this work we present a facile method for the synthesis of the carboxylated graphene 

derivate.  The resulting material contains up to 7 at.% of carboxyl groups and with negligible 

content of other oxygen-containing groups. Moreover, formation of large round-shaped 

nanoscale holes is observed due to the applied synthesis process. The synthesized graphene 

derivative is of high interest for the sensing applications due to combination of its conductive 

nature and chemical reactivity provided by the attached carboxyl groups. 

1. Introduction 

 Chemical reduction is considered as a cost-effective and simple approach for graphene 

manufacturing, which does not require complex and expensive equipment and allows the production of 

graphene materials in a large scale [1,2]. However, the quality of the material obtained by this method 

is still far from pure graphene: about 3–10 at.% of oxygen-containing groups remain [1] as well as 

defects such as tears and holes appear. However, the GO chemical reduction can be considered from a 

different perspective – not the formation of graphene, but the production of chemically modified 

graphene materials. The preparation of graphene derivatives nowadays is becoming an important topic 

in the field of graphene research, since functionalization allows to tune physical and chemical properties, 

significantly improving the characteristics of graphene materials in various applications. 

 In this study, we present our results on the synthesis, analysis of physical properties and 

application of one of these derivatives - carboxylated (C-xy) graphene. We have already reported on the 

possible synthesis of carboxylated graphene using soft UV radiation [3,4]. This time carboxylated (C-

xy) graphene was obtained by one-stage treatment of graphene oxide with sodium hydroxide with the 

addition of hydrogen peroxide under moderate heating.  

2. Materials and methods 

Graphene oxide was synthesized via a modified Hummers method with excluding sodium 

nitrate [5]. Sonication was excluded to obtain suspensions with the utmost size of GO flakes.  

Carboxylated graphene was prepared via chemical reduction of GO aqueous suspension 

applying sodium hydroxide as a reducing agent with the addition of hydrogen peroxide. Briefly, 

graphene oxide suspension was poured into fluoroplastic cups, sodium hydroxide was added with 

stirring to reach pH = 11 in the resulting mixture after that hydrogen peroxide was added to reach pH = 

10.5. The obtained mixture was heated at 80 °C for 72 hours. The resulting suspension was washed via 

centrifugation with dilution by deionised water to finally obtain the carboxylated graphene suspension. 

3. Results and discussion 
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As a result of the applied process, partial reduction of the graphene oxide proceeds with part of the 

functional groups being removed from the surface of graphene oxide, as is seen from the obtained C 1s 

X-ray photoelectron spectrum. Particularly, the peak at 286.7 eV substantially diminishes after the 

treatment. At the same time, part of the functional groups of the basal plane of graphene oxide has 

converted into carboxyl ones, as is seen from the presence of a distinguishable spectral feature at ~289.2 

eV. This transformation is accompanied by the formation of a large number of holes in the graphene 

network, the edges of which are decorated with formed carboxyl groups. The formed holes are large in 

size, of about 50-70 nm, with sparse distribution, and have a round shape. The latter fact indicates the 

isotropic nature of etching on chemically active centers of the flake, which proceeds, probably, due to 

the aforementioned transformation of the basal-plane groups into carboxyl ones.  

Owing to the partial reduction, this material is conductive, while chemically active carboxyl groups are 

retained and increase in concentration in comparison to the case of GO. Collectively, all this makes it 

possible to consider carboxylated graphene as a promising material for sensory applications. 

      

Figure 1 (a) C 1s XPS spectrum and (b) TEM image of the carboxylated graphene  

4. Conclusion 

In this work, we presented a simple synthesis method for carboxylated graphene suitable for large-scale 

production. The carboxylated graphene obtained by this method contains structural defects, namely 

large holes with a low population density decorated with up to 7 at.% of carboxyls. This makes it 

possible to use this material for further modification. As one of the possible approaches, the modification 

of carboxylated graphene with aptamers and the formation of reusable, sensitive and selective sensors 

for the detection of viral diseases, in particular hepatitis B and C is considered. 
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Abstract. Plasma immersion ion implantation for the HfO2(10нм)/TaN(5нм)/TiN memristive
structures allows to decrease forming voltage of resistive switching process or increase
percentage of forming-free structure. In this research we found that ion implantation with Ne+
ions allows to decrease average forming voltage from -2.3 V to -1.7 V, with heaver Ar+ ions
allows to increase percentage of forming-free structures from 0.1 to 0.6 and ion implantation
with Kr+ ions demolish initial structure and resistive switching is not observe for most
structures. Also ion implantation with Ne+ or Ar+ doubles resistance ration compared to initial
structure.

1. Introduction
The next-generation non-volatile memory should be compatible with modern CMOS technologies one
of such is resistive switching memory (ReRAM). Usually, ReRAM cell has metal-insulator-metal
(MIM) structure and has following advantages: comparatively simple structure, low power
consumption, amazing scalability and high-speed operation [1]. Main disadvantage of ReRAM in the
case of compatibility it is forming process due to sharp increase in current.
Several ways to make the ReRAM structure forming-free or reduce forming voltage were proposed
such as: oxygen ion implantation [2], grain boundary engineering [3], selection of fabrication
parameters [4] and other ways. In this paper we present the investigation of the effect of Ne+, Ar+ or
Kr+ ion implantation on the forming voltage for the HfO2(10нм)/TaN(5нм)/TiN structure.

2. Experiment
The HfO2(10нм)/TaN(5нм)/TiN structures were formed by PEALD using TEMAH and oxygen
plasma for HfO2 layer, TBTDET and hydrogen plasma for TaN layer. For some samples plasma
immersion ion implantation of Ne+, or Ar+, or Kr+ was used to incorporate defects in the dielectric
stack. The energy of implanted ions was 5 keV and the dose was 1012 cm-2. After that via magnetron
sputtering structures were coated with Pt and Ni. Current-voltage characteristics were measured using
semiconductor characterization system Keithley 4200-SCS.

3. Result and Discussion
Typical I-V characteristic of measured structure presented on Figure 1a. Effect of ion implantation on
the forming voltage could be seen from Table 1. We found that 10% cells of initial structures did not
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require forming process. Also after Ne+ implantation the average forming voltage decreased from
2.3 V to 1.7 V and the number of forming-free structures remained the same. However for heavier Ar+
ions forming voltage increased on 0.2 V, but in this case we found 60% forming-free structures. When
we used even heavier Kr+ ions resistive switching was observed for only a few cycles, this might be
connected with the fact that Kr+ ions breakdown structure too hard.
Another effect of immersion ion implantation is that ion implantation doubled median resistance ration
compared to initial structure (Figure 1b, 1c) and dispersion of resistance values also increased.

Figure 1. a) I-V characteristic of initial structure for 100 first cycles; Cumulative diagram for
resistance values of initial structure - (b), after implantation with with Ar+ - (c), values of every
structures shown for 10 different devices, RON - blue dashed line and ROFF - red solid line.
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Table 1. Forming voltages.

Structure Forming voltage, V SET voltage, V RESET voltage, V Yield

Initial -2.3 ± 1.0 0.71 ± 0.07 -0.90 ± 0.09 0.1

Ne+ ion implantation -1.7 ± 1.0 0.80 ± 0.10 -0.84 ± 0.05 0.1

Ar+ ion implantation -2.5 ± 0.9 0.81 ± 0.14 -0.89 ± 0.07 0.6
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The appealing properties of organic light emitting diodes (OLEDs), i.e. relatively easy and 

inexpensive fabrication, and efficient electroluminescence (EL) allowed the OLED-based 

industry to conquer a significant market share. For instance, modern smartphones are mostly 

produced with the OLED displays [1]. However, organic materials are far behind the inorganic 

materials in terms of stability and external quantum efficiency (EQE) of EL in optical range, 

especially in blue and red region [2], which for inorganic devices becomes close to 100%. 

Inorganic LEDs based on compounds of arsenides, nitrides, phosphides etc. are envisioned to 

be the materials for the LEDs with the efficiency close to the theoretical limit. The recent 

commercial application of OLEDs instead of inorganic materials is explained mainly by 

difficulties of combination of different radiative materials necessary for an RGB full color 

screen. Indeed, the mainstream thin film technology is hard to adapt for small high resolution 

screen, because it requires either advanced post-growth processing, or combination of very 

different crystalline materials [3]. The flexible devices fabrication based on thin films imposes 

even greater complications, i.e. ultra thin wafer epitaxy or release of the synthesized material 

from the wafer. Nanowire (NW) or microwire (MW) design of inorganic devices has several 

significant advantages, especially for substrate-free device fabrication. Wires have a small 

footprint, therefore they can be mechanically removed from the initial growth substrate [4]. 

High surface to volume ratio leads to an effective relaxation of the elastic strain due to the 

lattice mismatch of III-V heterostructures, therefore low structural defect concentration can be 

achieved even for a high lattice mismatch. Core-shell wire heterostructures also have effective 

light extraction and current injection, which is very important for optoelectronic applications, 

e. g. LEDs. One of the main attractive features of NW devices is the possibility to combine very 

different materials, e. g. nitrides and arsenides or phosphides. The NWs can be encapsulated 

into a polymer matrix (i.e. elastomer) [5] and then released from the wafer. The elastomer/NW 

membrane can then be electrically connected with conductive transparent electrodes, and the 

membranes of different materials may be stacked onto each other to form composite device 

with multiple line EL. The pixel contacts to membranes with different color channels could be 

provided independently, thus the elastomer/NW devices can be considered as inorganic 

analogue to OLED devices. 

 The main goal of this work was a synthesis of the advanced silicon rubber specially for 

the membrane device fabrication. In order to complete this task, a demonstration of electrical 

current transport through the NWs encapsulated in the polymer matrix was required. However, 

the electrical current can go through shuntings or other defects of the polymer/NW membrane 

system (e. g. NW surface or interface states in polymer/NW border). Therefore, for a direct 

demonstration, that the fabricated membranes feature desirable electrical performance, i.e. the 

current spreads through the front contact layers, then goes inside the NWs and finally is 

collected by the rear contact, we made a high Schottky barriers for both/one side of the 

membranes. In this case we have a distinguishable signature in the I-V curves, and EBIC 

mapping is possible. Alternatively, a low Schottky or an absence of it (which is, actually, 
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desirable in the final optoelectronic devices) is very difficult to distinguish from the shunting 

and the samples are not suitable for the EBIC microscopy, therefore we discuss the fabricated 

samples with ohmic contacts after demonstrating reliable Schottky contacting. 
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Abstract. Transparent glass-ceramics based on Fe
2+

-doped gahnite nanocrystals were prepared 

by melt-quenching technique. The glass-ceramics were characterized by X-ray diffraction, 

Raman and optical spectroscopy. Increasing the iron content speeds up liquid phase separation, 

gahnite and crystobalite crystallization due to iron ions entering the crystals. Glass-ceramics 

exhibit a broadband (1.6-2.3 μm) absorption due to the 
5
E → 

5
T2 (

5
D) transition of Fe

2+
 ions in 

Td sites in gahnite crystals. The glass-ceramics are promising as saturable absorbers for the 

mid-infrared spectral range. 

1. Introduction 

Materials doped with tetrahedrally (Td) coordinated Cr
2+

 and Fe
2+

 ions and demonstrating intense 

broadband absorption in the mid-IR spectral range of 2–3 μm are promising for applications in 

saturable absorbers for lasers of this spectral region. One of such materials is spinel, MgAl2O4, doped 

by Fe
2+

 ions [1]. Gahnite, ZnAl2O4 also belongs to spinel family. Recently, transparent gahnite 

ceramics were fabricated [2]. Compared with single crystals and optical ceramics, glass ceramics 

(GCs) containing nanoscale gahnite crystals have advantages due to flexibility and convenience of 

glass technology production, a variety of phase assemblages, structures and crystal sizes. In this work, 

we aimed to study novel transparent GCs based on Fe
2+

:ZnAl2O4 nanosized crystals and elucidate the 

role of iron ions in formation of these materials. 

2. Experimental 

The glass of the ZnO-Al2O3-SiO2 system nucleated by TiO2 was doped with 0.6 and 1.0 mol% FeO 

and melted at 1560 °C with stirring. To promote the growth of spinel nanocrystals, the glass was 

subjected to secondary two-stage heat-treatments at 720 to 1200 °C with a holding time of 6 h. The 

structure of the glass and transparent GCs was studied by differential scanning calorimentry (DSC), 

density measurements, X-ray powder diffraction (XRD), Raman and absorption spectroscopy. 

3. Results and discussion 
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In transparent GCs prepared at 720 – 950
o
C, Fe:ZnAl2O4 is the only crystalline phase; TiO2 (rutile) 

additionally crystallizes in the range of 1000 - 1200 °С. The size of gahnite crystals increases from 50 

to 400 Å with increasing the heat-treatment temperature, the volume fraction of gahnite increases as 

well. Addition of iron oxide facilitates gahnite (Fig. 1(a)) and crystobalite (Fig. 1(b)) crystallization. 

With increasing the iron content, the gahnite unit-cell parameter a increases for all heat-treatment 

temperatures. Raman spectroscopy data indicate the formation of iron-doped liquid phase-separated 

titanium-containing regions and their preservation until rutile starts to crystallize at 1000 °С.  

(a)  (b)  

Figure 1(a, b). XRD patterns of Fe:ZnAl2O4 GCs (a) prepared at 720 
o
C for 6 h; (b) at 720 

o
C/6 h 

+ 1200 
o
C/6 h. Symbol “o” stands for ZnAl2O4,, “v” for rutile and “x” for cristobalite. 

In absorption spectra of GCs, a broad band from 1.6 to 2.3 μm is observed due to the 
5
E → 

5
T2 (

5
D) 

transition of Fe
2+

 ions in Td sites in gahnite nanocrystals (Fig. 2). Its intensity increases with 

temperature. The Beer’s law is obeyed for this absorption band implying that the iron ions distribution 

between phases in GCs doped with 0.6 and 1.0 mol% FeO is independent of the iron content in GCs. 

(a)  (b)  

Figure 2. Absorption spectra of Fe
2+

:ZnAl2O4 GCs (а) prepared at 720 
o
C/6 h; (b) 720 

o
C/6 h + 1050 

o
C/6 h.  

4. Conclusions 

We report on synthesis, structure and optical properties of novel transparent Fe
2+

-doped gahnite glass-

ceramics in dependence of iron content. These nanosized materials are promising for saturable 

absorbers of mid-infrared lasers (1.6-2.5 μm). Further studies will focus on the measurements of 

absorption saturation and laser damage threshold of these glass-ceramics. 
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Abstract. The paper presents the results of an experimental study of the effect of Al content in the 
epitaxial surface layer on the growth of In nanostructures formed by droplet epitaxy. We have 
shown that an increase in the Al content leads to a decrease in the droplet density and an increase 
in their size. We also showed that the influence of the Al content on the droplet characteristics is 
much less significant than that in case of the Stranski-Krastanov growth. The increase in the 
critical thickness of droplet formation on Al-containing surfaces when the temperature decreases is 
not significant. It allows us to control quantum dot emission wavelength almost independently of 
their geometric characteristics. 

The growth of InAs quantum dots on AlxGa1-xAs surfaces with different Al content allows for control 
of the radiation wavelength over a wider range, in contrast to InAs/GaAs systems. However, in the 
Stransky-Krastanov growth mode InAs QDs significantly increase their density and decrease their 
average size with increasing Al content. In addition, the Stransky-Krastanov mode involves the formation 
of a wetting layer, which can reduce the efficiency of devices based on such QDs due to the casting of 
charge carriers on states in the wetting layer. In contrast to the Stransky-Krastanov mechanism, the 
droplet epitaxy method allows suppressing the formation of a wetting layer, thereby providing better 
quality of nanostructures based on them. 

The purpose of this work is experimentally study the growth of In metal nanodroplets on AlxGa1-xAs 
surfaces with different Al content formed by the droplet epitaxy method. To do this, we used 
Semiteq STE 35 to grow three series of samples that differ in the Al content on the surface – 0, 50 and 
100%. The growth temperature and deposition thickness in each series varied in the range from 150 to 
450°C and from 0.75 to 3 ML, respectively. Then all samples were investigated by the method of SEM. 

Analysis of the results showed that with increasing Al content, the average diameter of in drops also 
increases, while their density on the surface decreases (Figure 1 (a, b)). This contradicts the growth of 
QDs in the Stransky-Krastanov mode on AlGaAs and Ga/AlGaAs surfaces in a droplet epitaxy. This 
effect is most significant at temperatures above 250°C. Figure 2 shows that the critical thickness of in 
droplet formation on the Al0.5Ga0.5As and AlAs surfaces is 1.25 and 1.5 ML at T = 150°C, whereas for the 
GaAs surface it is 3 ML. That is, the critical thickness on Al-containing surfaces remains virtually 
unchanged with increasing temperature, while on the GaAs surface it decreases from 3 to 1 ML. 
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a) b) 

Figure 1 (a, b). Temperature dependences of the (a) average diameter and (b) surface density of 
nanostructures after deposition of 3 ML In on the GaAs, Al0.5Ga0.5As and AlAs surfaces. 

 

 
 
Figure 2. Temperature dependences of the critical thickness of droplet formation on various surfaces. 
 

Thus, we have shown that the mobility of adatoms in the process of droplet epitaxy demonstrates 
abnormal behavior with an increase in the Al content in the surface layer compared to the Stransky-
Krastanov method. It means, a significant change in the bandgap of a QD matrix induced by the addition 
of Al atoms into the epitaxial layer does not lead to a significant change in QD geometrical 
characteristics. 

Thus, we can conclude that droplet epitaxy allows controlling the device characteristics by altering the 
bandgap width almost without an influence on the size and density of QDs. 
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Abstract. In this work, the effect of the dose of implantation of Ga atoms into the silicon 

surface on the epitaxial growth of GaAs was investigated. We demonstrate that the deposition 

of GaAs occurs mainly on modified areas. Separate crystallites of GaAs with an irregular shape 

are formed on modified areas at the lowest dose of Ga implantation equal to 1 pC/μm
2
, 

whereas an increase in the dose of Ga implantation leads to the coalescence of GaAs areas. At 

a maximum dose of 21 pC/μm
2
, degradation of the morphology and a decrease in the degree of 

filling of the area are observed, which is also confirmed by an increase in the roughness of the 

structure.  

The integration of highly efficient light emitting sources based on III/V structures with silicon 

technology remains a difficult task today [1]. The preparation of III/V on silicon devices is 

complicated due to the presence of a large number of threading dislocations, antiphase domains, and 

thermal cracks formed during the growth of a polar semiconductor on a non-polar substrate with 

different lattice constants and thermal expansion coefficients [1]. To date, a large number of 

techniques are used to reduce more defects during the monolithic integration of III/V on Si [1, 2], but 

they do not allow achieving the desired results – the monolithic integration of III/V structures on the 

on-axis silicon substrates. This is expected to combine the advantages of GaAs technology (high-

performance laser sources) and Si technology (high-speed information processing). Therefore, the 

development of completely new approaches to solve this problem is required. 

In this paper, we study the effect of the dose of implanted Ga in the Si substrate on the subsequent 

growth of GaAs on these modified Si areas. Ga implantation was carried out by the method of focused 

ion beams at a constant current and at a different implantation dose. The epitaxial materials were 

fabricated using a SemiTEq STE 35 molecular beam epitaxy system with solid-state sources. The 

removal of native oxide was carried out by annealing the samples in a chamber at 900°C, after which 

the substrate was cooled and a 200 nm GaAs buffer layer was grown. 

Figure 1 shows scanning electron microscopy images of the morphology of GaAs deposited on Si. 

Based on the results obtained, the degree of filling of the structures and their roughness at various 

doses of implantation of Ga atoms were calculated. It was shown that the deposition of GaAs occurs 

mainly on modified areas. At the lowest dose of Ga implantation equal to 1 pC/μm
2
, the deposition of 

GaAs on modified areas occurs as separate crystallites with an irregular shape. An increase in the 

implantation dose leads to GaAs coalescence and further filling of the areas. At doses of 1, 3, 7, 

21 pC/μm
2
, the degree of filling of the modified areas was 67%, 91%, 99%, and 95%, the roughness 

was 55, 27, 23, 37 nm for each dose, respectively. As can be seen, at a maximum dose of 21 pC/μm
2
, a 
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morphology deterioration and a decrease in the degree of filling of the area are observed, which is also 

confirmed by an increase in the roughness of the structure. 

 

  

(a) (b) 

  

(c) (d) 

Figure 1. SEM images of the amorphous areas of Si after deposition of 200 nm GaAs with different 

dose of Ga implanted: a) 1 pC/μm
2
, b) 3 pC/μm

2
, c) 7 pC/μm

2
, (d) 21 pC/μm

2
 

 

Therefore, we can conclude that there is an optimal dose of Ga implantation into the silicon surface at 

which the best parameters of the grown structures are observed. Despite the fact that the GaAs buffer 

is defective, the use of nucleation layers and the technique of multi-stage growth of buffer layers will 

provide a smooth two-dimensional interface. 
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Abstract. Misfit strains and stresses of a dilatation line in an elastic body with an angular free 

surface are studied with potential application to semiconductor nanoheterotechnology. The 

misfit stresses are obtained by the method of virtual surface dislocations. Analysis of this 

solution is carried out numerically by using the misfit stress maps built in a cross section of the 

system. 

1. Introduction 

Studying the fields of misfit strains and stresses in semiconductor nanoheterostructures of complex 

architecture is an important problem for development of these nanoheterotechnologies. Differences in 

crystal lattices and thermal expansion coefficients of materials that compose nanostructure devices, 

significantly influence their work properties. Misfit stresses and residual thermoelastic stresses cause 

changes in the physical and service characteristics of the corresponding nanostructure devices. The 

relaxation of these stresses is accompanied by the formation of various defects, in particular, misfit 

dislocations, which also lead to degradation of device properties and shorten their service life. 

Therefore, the development of theoretical models of such defective structures is one of the key areas 

of fundamental research necessary for the development of modern semiconductor 

nanoheterotechnologies.  

The solution of the boundary-value problems in the theory of elasticity allows us to study the features 

of the misfit stress fields at the stage preceding their relaxation, therefore, the formulation of such 

problems is an important initial stage in the development of theoretical models. In particular, one of 

such tasks is the search for elastic fields caused by dilatation inclusions with various shapes in an 

elastic body with an angular boundary. Such a boundary can be considered as a wedge-shaped 

protrusion or cut with an arbitrary opening angle. In this case, an infinitely thin dilatation line with its 

three-dimensional (3D) dilatational eigenstrain can serve as an elementary misfitting inclusion. Having 

a solution for such a line, it is possible to obtain by simple integration similar solutions for long 

inclusions with cross sections of arbitrary shape. 

 

2. Methods and approaches 

Consider an infinitely thin dilatation line embedded in an elastic body having the shape of a long 

straight wedge (Fig. 1). We assume that this line is subjected by a 3D dilatational eigenstrain, while its 

elastic moduli are the same as in the surrounding matrix. To solve this boundary-value problem, we 
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use the method of virtual surface dislocations (VSDs). In the past, this method was successfully 

applied to various boundary-value problems of the theory of defects. In particular, similar problems 

were solved for edge dislocations in homogeneous [1] and composite [2] wedge-shaped bodies and 

screw dislocations placed near a triple junction of different wedge-shaped phases [3]. Within this 

method, the desired stress field is written as            , where    is the well-known stress field 

of the dilatation line in an infinite elastic medium [4], and    is an extra stress field of the VSDs, 

continuously distributed over the free surfaces of the body in such a way  that to ensure the fulfilment 

of traction boundary conditions on its angular boundary (Fig. 1). In such a formulation, the problem is 

reduced to finding four unknown functions of distribution of the VSDs from the boundary conditions 

of the problem that gives a system of four integral equations. With the Mellin integral transform, this 

system reduces to a system of algebraic equations for determining the Mellin images of the 

distribution functions of the VSDs. As a result, the additional field    is found in an integral form, as 

the inverse Laplace-Mellin transform of the products of the well-known Mellin images of the stresses 

of individual VSDs and the found Mellin images of distribution functions of the VSDs. The analysis 

of the obtained solution was carried out numerically using the stress maps built in the cross section of 

the system. These maps showed, in particular, that the boundary conditions of the problem are 

satisfied with good accuracy. 

 

Figure 1. Dilatation line in a wedge-shaped elastic body with free boundaries. The distribution 

functions f1, f2, f3, and f4 of virtual surface dislocations are sketched at the boundaries. 

 

3. Summary 

In the present work, the method of virtual surface dislocations (VSDs) is used to find a solution of the 

boundary-value problem in the theory of elasticity for a dilatation line embedded in an elastic body 

with an angular boundary. The solution is found as a superposition of the well-known stress field of 

the dilatation line in an infinite elastic medium [4] and an extra stress field of the VSDs. The latter is 

given by the inverse Laplace-Mellin transform of the products of the Mellin images of the stresses of 

individual VSDs and their distribution functions. With this solution on hand, one can obtain by simple 

integration similar solutions for long inclusions of arbitrary-shape cross sections in various 

semiconductor nanoheterostructures. 
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Abstract. The energy spectrum of acceptor and subband states in Be-doped GaAs/AlGaAs 

quantum wells was calculated. Acceptor-related light absorption and photoconductivity spectra 

were experimentally studied at low lattice temperatures in the infrared spectral range. The features 

in the spectra can be attributed to the hole transitions from the ground acceptor states to the excited 

acceptor states and size-quantized subbands. Spectral positions of experimentally observed 

absorption peaks are in satisfactory agreement with theoretical calculations. 

1.  Introduction 

Quantum cascade lasers [1] are promising sources of far-infrared radiation but their high cost and 

complicated technology require the development of new methods for generating the far-infrared light 

emission. The use of optical carrier transitions through the acceptor states in quantum wells (QWs) makes 

it possible to create a new mid- and far-infrared radiation sources. The studies of optical transitions 

associated with acceptors are also interesting since in narrow GaAs-based QWs the binding energy of 

acceptors can exceed the energy of optical phonons [2]. Therefore, in narrow QWs the nonradiative 

capture of excited by light or ionizing electric field nonequilibrium holes on the ground acceptor states 

will be significantly suppressed due to the impossibility of optical photon emission. In order to investigate 

the energy spectrum of acceptors in QWs it is useful to analyze the equilibrium infrared absorption and 

photoconductivity (PC). Note, that complicated structure of the acceptor wavefunctions [3, 4] leads to 

non-trivial spectral and polarization dependencies of acceptor-related optical absorption and PC.  

In this work, we used and modified the method based on determining the energy of the impurity levels 

by solving the Schrödinger equation with the Hamiltonian in the form of a sum of kinetic energy (the 

Luttinger Hamiltonian), the potential energy of holes, and the energy of the Coulomb interaction with the 

charged acceptor. Also, this paper focuses on the experimental verification of calculated band diagram 

and absorption spectra by study of infrared absorption and PC in Be-doped GaAs/AlGaAs QWs. 

2.  Sample and experimental technique 

The Be-doped GaAs/Al0.4Ga0.6As multiple QW nanostructure (200 QWs) was MBE grown. The 3 nm 

QWs were separated with 7 nm barriers. Samples were prepared in multipass geometry which allows the 

independent studies of the absorption of light of two polarizations. Infrared absorption and 

photoconductivity spectra were obtained using a vacuum Fourier transform spectrometer with a spectral 

resolution less than 2 meV. The samples were placed into a closed cycle optical cryostat with an 

operation temperature range of 4–320 K. 

3.  Results and discussion 

We used the finite-difference method to quantize the Luttinger-Kohn Hamiltonian and the decomposition 

of the impurity potential over the eigenstates of the Luttinger-Kohn Hamiltonian with the quantum wells 

profile to obtain the acceptor states energies and wavefunction in momentum space [3, 4]. Acceptor-
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related absorption spectra for two light polarization were calculated. 

In experiments, we first characterized grown structures measuring the interband photoluminescence 

and interband photoconductivity at different lattice temperatures. As a result, the high quality of the 

grown structures was established. 

The spectra of intensity of two light polarizations were obtained at T = 4 K in multipass geometry for 

samples with and without QWs. The absorption spectra obtained from the Beer-Lambert-Bouger law are 

shown in figure 1. Spectra at other temperatures look similar, absorption smoothly disappears at 

temperatures above 160 K. We associate the short-wavelength peak observed near the photon energy (hv) 

of about 205 meV to the optical transitions of holes from the ground acceptor state to continuum states 

above the QW. The peak near hv = 150 meV can be connected to the hole transitions from the ground 

state to the second hole subband. Positions of both of these peaks are in good agreement with our 

calculations. The peak at hv = 75 meV can be associated with hole transitions from the ground acceptor 

state to the first hole subband. Two-phonon absorption in GaAs [5] makes it difficult to get spectrum at 

longer wavelengths. This leads to a slight discrepancy between the position of the acceptor absorption 

peak and the theoretically calculated value hv = 60 meV. 

The measured spectrum of acceptor-related photoconductivity of the QWs sample is presented in 

figure 1 with red curve at T = 10 K. It should be noted that photoconductivity spectrum is not corrected 

with the spectrum of radiation source (globar) and transmission spectrum of the experimental setup (of 

cryostat and spectrometer windows, beam splitter, etc). Spectra at other temperatures look similar, peaks 

smoothly disappears at temperatures above 30 K. One can see three photocurrent peaks at 

hv  205, 150, 95 meV. The first two peaks match well with absorption peaks discussed above. The peak 

at hv  95 meV can be a part of the peak associated with hole transitions from ground acceptor state to the 

first hole subband. The calculated position of spectral maximum of this peak is about hv = 60 meV and 

this peak should be very wide. It was not detected in photoconductivity studies due to the low intensity of 

globar in this spectral range. No acceptor-related peak was presented in the photoconductivity spectra of 

the reference sample without QWs. 

Good agreement between the experimentally received absorption and photoconductivity spectra and 

theory confirms the applicability of the finite-difference method to obtain the acceptor state energies and 

wavefunctions in momentum space. Also, we can conclude that absorption coefficient determined by 

acceptor-related optical transitions is rather high (~10
3
 cm

-1
). This could be used as physical basis of 

sources of infrared light operating under electrical and optical pumping. 
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Figure 1. Absorption spectra of light of 

s-polarization (black curve) and 

p-polarization (blue curve) measured at 

T = 4 K. Red curve shows the 

photoconductivity spectrum of QWs, 

measured at T = 10 K. 
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Abstract. This research demonstrates how two modern technological trends can complement 

each other for the fabrication of flexible and robust sensors. The major advantage of this 

combination is the ability to adjust the fabrication process to customize the device for specific 

applications. 3D printing allows using a wide range of polymers as well as high flexibility in 

terms of design. The nanomaterial is two-dimensional graphene oxide (GO) that is well-known 

for the tunability of its electrical properties via reduction process. In this contribution, we show 

an application of this synergistic combination with the fabrication of a polymer-encapsulated 

sandwich-like temperature sensor based on laser-reduced graphene oxide. The final device has 

temperature sensitivity comparable to previous reports, but additionally shows water and 

scratch resistance thanks to the integration with 3D printing. 

1. Introduction 

3D printing is setting a new technological paradigm for the fabrication and prototyping of devices and 

materials varying from simple designs from school education to organ transplants. At the same time, 

nanotechnology is revolutionizing many technological fields in the XXI century. The combination of 

these two approaches results in new materials and devices such as graphene and carbon nanotubes in 

3D printing filaments, as demonstrated recently [1,2].  

Moreover, the use of graphene oxide (GO) in 3D printing can provide additional benefits, such as the 

selective modification of complex three-dimensional projections with the creation of conductive 

structures on all surfaces of the created device[3]. In this way, the integration of 3D printing and 

graphene oxide accompanied by laser reduction opens the opportunity to develop inexpensive but 

complex structures for a wide range of applications (for instance, wearable sensors). 

2. Results and discussion 

The main objective of the present work is to combine 3D printing and the use of graphene materials by 

developing sandwich-like graphene-based structures for prototyping in flexible electronics. The 

integration of these two technologies allows creating a conductive surface and the introduction of this 

surface into a personalized enclosure. For this, as shown in Figure 1, we used laser modification of 

graphene oxide surface and 3D printing to encapsulate the device. After creating and preparing the 

3D-printed device case, copper contacts were made, and a layer of GO was deposited on the working 

surface of the device. The next step was the laser irradiation of the deposited GO film and its 

subsequent surface processing with the removal of oxygen groups that creates an electrically 

conductive layer. After investigating and optimizing the operability of the device, it was encapsulated 

using 3D printing. During this technological step, molten plastic fills all the voids and sinters the upper 

conductive layer of reduced GO, improving the properties of the final device and ensuring the 

tightness of the structure. 

This configuration shows a negative temperature coefficient of resistance suggesting that the sensitive 

material has semiconducting properties. Thus, it can be used as a temperature sensor. 
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Figure 1. The manufacturing process of temperature sensor 

When the temperature sensor was fully assembled, a three-dimensional, closed, conductive structure 

with a maximum contact surface and high thermal stability of the material acting as the device housing 

was fabricated. The resistance change of these structures was measured, and their water and bending 

stabilities were evaluated as well as temperature sensing. The devices were characterized using Raman 

spectroscopy, scanning electron microscopy (SEM), electrical characteristics (IV curves), and current-

sensing atomic-force microscopy (CSAFM). 

Figures 2a and 2b demonstrate the sensitivity of the sensor. The sensor was heated with a step of 1°C, 

and the temperature was kept for 1 min. Then the temperature was increased or decreased. 

 

  Figure 2. Resistance changes during heating and cooling of the sensor. 

3.  Conclusion 
A laser-reduced GO device was encapsulated using a 3D-printed polymer to enable operation in liquid 

conditions and under mechanical bending. It was revealed that the sensor has a negative temperature 

coefficient of resistance, thereby suggesting that the sensitive material of the sensor is a 

semiconductor. The presented facile technology gives the flexible sensors a new degree of 

customization by benefiting from the power of additive technology with 3D printing. 
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Abstract. We propose a new method to obtain the three-dimensional quantum-sized objects 

arrays with reduced surface density formed by elastic transformation of the InGaPAs layer 

grown on the GaAs surface. The influence of the InGaP layer thickness, substrate temperature, 

and exposure time in the arsenic flow on the optical and structural properties of the formed 

three-dimensional islands was studied. 

1. Introduction 

At present, the creation of single photons sources and micro-emitter arrays are of great interest. The 

best candidates for the role of light emitting active region for such emitters are quantum dots (QDs). 

However, in contrast to typical laser applications where QD arrays must have a high surface density, 

the opposite requirement is imposed on QD arrays in the above applications — low QD density (less 

than 1 * 1010 cm-2) [1]. The use of special technological regimes of epitaxial growth allows decreasing 

the density of InAs QDs from a typical value of 5 * 1010 cm-2 to ~ 1 * 109 cm-2, however, further 

progress is difficult. In this work, we propose a new method to obtain the three-dimensional quantum-

sized objects (QD) arrays with reduced surface density formed by elastic transformation of the 

InGaPAs layer grown on the GaAs surface. 

2. Experiment 

QDs are formed by replacement of phosphorus in the InGaP epitaxial layer by arsenic, upon exposure 

of InGaP layer in the As flow at temperatures of 520-535°C.  Using this procedure, a several 

heterostructures were grown on GaAs (100) substrates by molecular beam epitaxy (MBE). Fabricated 

heterostructures was composed of a GaAs buffer layer, a 200-nm-thick GaAs-based carrier collection 

region sandwiched by AlGaAs barrier layers of thickness 100 nm, and a 5 nm thick GaAs cap layer. 

An InGaP layer lattice-matched with GaAs, which was placed at the center of the charge carrier 

collection region, was transforming into an array of three-dimensional InGaPAs islands during the 

exposition under arsenic flow while the epitaxy process was stopped. The influence of the InGaP layer 

thickness, substrate temperature, and exposure time in the arsenic flow on the optical and structural 

properties of the formed three-dimensional islands was studied. 
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3. Results 

It was found that in addition to the GaAs peaks, the photoluminescence (PL) spectra of fabricated 

heterostructures contain peaks in the region of 953–979 nm, corresponding to radiation from three-

dimensional InGaPAs islands. The wavelength of the maximum of the PL spectrum for a 

heterostructure where an InGaP layer 2 nm thick was transformed at 520 °C for 5 minutes was 973 

nm. The peak width in the PL spectrum corresponding to radiation from three-dimensional InGaPAs 

islands measured at half maximum (FWHM) was 95 meV, which indicates a significant scatter of 

three-dimensional islands in size and / or composition. An increase in the holding temperature by 15 

°C leads to a red-shift of peak PL wavelength of three-dimensional islands by 6 nm. At the same time, 

the uniformity of three-dimensional InGaPAs islands improves, as evidenced by a decrease in the 

FWHM value to 90 meV. An increase in the exposure time to 10 minutes and InGaP layer thickness of 

up to 3 nm leads to a short-wavelength shift of the PL maximum to 953 nm and an increase in the PL 

intensity and the expansion of the PL peak (FWHM = 97 meV). In transmission electron microscopy 

(TEM) images, three-dimensional islands are clearly visible having an oval shape, elongated along the 

direction [1-10]. Moreover, they often line up “one after another” along the same direction. It is also 

worth to mention that no such effects along the orthogonal direction [110] were observed, i.e. 

directions [110] and [1-10] are not equivalent. It could be assumed that this fact is associated with the 

anisotropy of the surface diffusion rate during the exposure of the InGaP layer, which is due to the 

directivity of the dangling bonds. Based on the TEM analysis, the density of three-dimensional islands 

was estimated at about 1.3 * 1010 cm-2. It was shown earlier [3] that the use of three-dimensional 

islands makes it possible to increase the oscillator strength, which, along with a low density, indicates 

the possibility of using this type of three-dimensional islands to create active regions of single photon 

sources and micro-emitter arrays. 
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Abstract. In this paper, the results of the simulation of the In/AlGaAs  growth on 

nanopatterned surfaces using modified analytical–Monte Carlo model are presented. The 

surface density of nanostructures on the flat surface is shown to slightly decrease with 

increasing Al content. A decrease of an interhole distance leads to the occupation of a small 

part of a hole which can be prevented by a decrease of a hole volume. The best localization of 

In nanostructures on AlGaAs surfaces nanopatterned with holes at a distance of more than 125 

nm can be achieved at a temperature of 300°C or higher. A decrease in temperature requires a 

sufficient decrease of an interhole distance to avoid nucleation beyond predefined positions. 

To fabricate quantum dot arrays with required characteristics in given positions, appropriate 
techniques and technological parameters should be chosen. A new method of droplet epitaxy enables 
formation of nanostructures with independent control of their size, surface density and chemical 
composition [1,2]. In this paper, kinetic Monte Carlo simulation of the growth of In nanostructures on 
AlGaAs nanopatterned surfaces by droplet epitaxy is presented. 

Previously developed hybrid analytical–Monte Carlo model [3] was upgraded to take into account 
the growth on patterned surfaces with different Al content. We demonstrate that the surface density of 
nanostructures on the flat surface slightly decreases with increasing Al content x in the epitaxial layer 
from 2.2∙10

10
 cm

-2
 to 1.9∙10

10
 cm

-2
 at x = 0 and x = 1, respectively (Figure 1, 2a). 

a 
 

b 
 

c 
 

Figure 1. Morphology of nanostructure arrays after deposition of 3 ML of In at a temperature T = 150°С 
and a growth rate v = 0,25 ML/s on different epitaxial surfaces: a) GaAs, b) Al0.5Ga0.5As, c) AlAs. The 
width of the simulation area is 500 nm. 
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In a low-temperature range (T = 150°C) at an insufficiently small distance between holes 
(r ≥125 nm) nucleation on a flat part of the surface is possible whereas the best localization of 
nanostructures is achieved at a high temperature (T = 300°C) or with decreasing interhole distances. 
Perfect localization of In droplets was also experimentally observed after deposition on nanopatterned 
GaAs surface at the same temperature of 300°C [2]. 
 

  
a b 

Figure 2(a, b). Temperature dependences of (a) surface density and (b) average diameter of In 
nanostructures on triangle-patterned AlxGa1-xAs surfaces after deposition of 3 ML of In. 
 

A decrease of r leads to a uniform distribution of In material between holes, but in this case 
droplets occupy a small part of a hole. In order to achieve the best hole filling, a hole volume should 
be decreased or deposition amount increased. An average diameter of In nanostructures formed on 
triangle-nanopatterned surfaces increases with rising temperature and then reaches saturation 
(Figure 2b). This is attributed to the fact that a temperature increase leads to the enhancement of the 
compliance of nanostructure and hole parameters which is technologically valuable for precise site-
controlled growth. 

Thus, the best localization of In nanostructures on AlGaAs surfaces nanopatterned with holes at a 
distance of more than 125 nm can be achieved at a temperature of 300°C or higher. A decrease in 
temperature requires a sufficient decrease of an interhole distance to avoid nucleation beyond 
predefined positions. 
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Abstract. The paper represents the investigation of dimensional and structural properties of 

nanoparticles produced by pulsed-periodic spark discharge by simultaneous electrical erosion of 

germanium and tin electrodes in inert atmosphere. Two alloys of GeSn nanoparticles with different 

mass fractions of tin were obtained by altering the polarity of the electrodes. The nanoparticles 

sizes from 4 to 45 nm were observed. It was shown that the samples consist of core-shell 

nanoparticles agglomerates, where both β-tin crystals and cubic germanium ones presence as a 

core; the shell is a mixed germanium tin oxide. Furthermore, a shift of Raman peak by 2 cm 
−1

 to 

lower wave numbers with an increase in relative mass fraction of tin was detected. 

1. Introduction 

The increased interest in GeSn compounds in recent years is associated with the possibility of regulating 

the width band gap in the range 0 - 0.55 eV to obtain direct-gap materials which can be base for creating 

solar cells, quantum-cascade lasers and photodetectors operating in the IR region (from 1 to 8 mkm) at 

room temperature [1]. The transition from the indirect-gap structure of the Ge1-xSnx semiconductor to the 

direct-gap can occur according to calculations in the range of tin fraction x from 2 to 20 %. 

Experimentally, pseudomorphic heterostructures were formed with a direct forbidden zone with a 

concentration tin more than 9 %. The basic method for growing semiconductor GeSn alloys is low-

temperature molecular beam epitaxy. An alternative technology for producing nanoparticles compounds 

from immiscible materials, such as Ag-Cu, Cu-W, is known to be pulse-periodic spark discharge synthesis 

[2]. Thus, the task of synthesizing mixed germanium tin nanoparticles by spark discharge and 

investigation its dimensional and structural properties is a future-oriented goal for material science. 

2. Materials and Methods 

Two samples of aerosol nanoparticles were produced in the pulsed-periodic spark discharge generator [3] 

under the following synthesis conditions: frequency of the discharges was 370 Hz, the battery voltage was 

1.5 kV, pressure in the chamber - 1.5 atm, to synthesis the first alloy a cylindrical tin electrode was used 

as a cathode (Ge - anode), to get the second sample inversely the cathode was germanium (Sn - 

anode).The particles are generated under an inert atmosphere (Ar, 99.999%), and collected on a cellulose 

filter fixed and TEM carbon coated Cu grid. Micro-Raman spectroscopy studies was carried out with a 

LabRAM HR Evolution (Horiba Scientific) using the 532 nm excitation wavelength of the He-Ne laser 

(0.1mW). Transmission electron microscopy (TEM), energy dispersive X-ray spectroscopy (EDS) were 
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performed on the collected particles to study their size, morphology, composition and structure using the 

Jeol JEM 2100 (200 kV) microscope with energy dispersive X-ray spectrometer X-MAX
N
 Oxford 

Instruments. Fourier transform infrared (FTIR) spectra were recorded on a Nicolet™ iS50 FTIR 

Spectrometer (Thermo Scientific) directly from the alloy nanoparticles on a cellulose filter. 

3. Results and Discussion  

A typical TEM image of primary nanoparticles in large agglomerate, and the corresponding electron 

diffraction pattern are presented on Figure 1. The primary nanoparticles in the two samples are 

characterized by a spherical shape, with close values of mean sizes 23.4 ± 10.1 and 21.6 ± 9.3 nm. Most of 

the particles sizes are detected to be from 4 to 45 nm, a few single particles with sizes of 50 - 75 nm were 

observed. Pursuant to high-resolution TEM images, we had concluded that all particles had a core-shell 

structure with a crystalline core and an amorphous shell. Herewith, small crystals with sizes of 2-7 nm 

were found to be diamond-like germanium (Figure 1d), while large particles were detected to be β-Sn 

crystals (Figure 1c). According to the EDX spectra obtained from different areas of sample 1 (Sn - 

cathode), the average percentage of mass fractions of germanium to tin was 1:2.2, for sample 2 (Ge - 

cathode) - 1:3.7, a significant amount of oxygen was also existed in the samples. That is, if the material is 

a cathode, its relative mass fraction in nanoparticles alloy is higher with respect to the material of anode.  

 

 

Figure 1(a-d). (a) Typical TEM image; (b) SAED pattern; (c) HRTEM of Sn crystal; (d) Ge crystal. 

According to FTIR absorption spectra the main absorption bands at 525 and 780 cm
–1

 were detected for 

two alloys. It is known that peaks at 570 and 850 cm
–1 

are attributed to germanium oxide and 460 and 620 

cm
-1 

 - for tin oxide bands. Reference core-shell nanoparticles of Ge- Ge oxide and tin-tin oxide, produced 

by spark discharge at the study were described by similar FTIR peaks positions as mentioned above for Ge 

and Sn. Consequently, it was assumed that nanoparticles’ shell consist of the amorphous mixed Ge - Sn 

oxide. The Raman spectroscopy spectra showed the presence of one intense peak at the 282 and 284 cm
–1

 

positions for the first (Sn-cathode) and second (Ge - cathode) samples, respectively.  
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Abstract. Graphene is considered as a promising material for electronic applications. In this 

work, two types of commercially available epitaxial graphene samples are studied by means of 

micro-Raman spectroscopy, atomic force microscopy and Kelvin-probe force microscopy. 

Analysis of the measurements data demonstrates significant differences in homogeneity of 

strain and doping level, concentration of bilayer inclusions, surface topography and surface 

potential. The results of these studies will help to understand the characteristics of transistors 

that are to be made on the basis of the studied samples. 

1. Introduction 

One of the main proposed fields of graphene commercial use is the field of electronics and namely the 

transistors. Thermal decomposition of the Si (0001) face of semi-insulating SiC substrates is currently 

one of the most promising technologies of commercial graphene growth. The most important 

advantage of this method for electronic applications is the lack of the need to transfer the grown film 

onto a dielectric substrate. In this work, we investigate two commercially available epitaxial graphene 

samples intended for use as a basis of transistors.   

2. Experimental 

The samples studied in this work were marked as Sample 1 and Sample 2 and are distinguished by the 

manufacturer.  

Micro-Raman spectra of graphene were measured at room temperature in the backscattering geometry 

using a Horiba Jobin-Yvon T64000 spectrometer. For the excitation of the Raman spectra, a Nd:YAG 

532 nm laser was used. The laser power was limited to 4 mW in a spot with 1 μm diameter. Apart 

from local measurements, Raman mapping of the sample areas of ~ 10 × 10 μm
2
 was carried out. 

Atomic force microscopy (AFM) and Kelvin-probe force microscopy (KPFM) within the two-pass 

technique were employed in order to obtain information on surface topography, roughness and surface 

potential distribution in the same areas that were studied by Raman spectroscopy. 

3. Results and discussion 

The Raman spectra obtained after scanning the 10 × 10 and 12 × 12 μm
2
 areas of both samples 

demonstrated characteristic Raman features of this material: G (~1600 cm
-1

) and 2D (~2700 cm
-1

) 

lines originating from vibrations in the graphene lattice and the broad spectral profile with two 

maxima in the 1200-1600 cm-1 range corresponding to the buffer layer [1]. The high quality of 

samples was indicated by the absence of the defect-related D line (~1350 cm-1) in the Raman spectra. 
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Figure 1 (a, b). Raman maps of biaxial 

strain (ε||) values for samples 1 (a) and 2 

(b). AFM surface topography maps for 

samples 1 (с) and 2 (d). 

 

Using the analysis first introduced by Lee et al [2] and taking into account the influence of the SiC 

substrate [3], we determined the values of biaxial strain (ε||) and electron concentration (ne) for each 

sample. For sample 1, we obtained ε|| = (0.26±0.03) % and ne = (6.0±0.8)*10
12

 cm
-2

. In case of sample 

2, the values of strain and electron concentration, as well as their variation across the studied area (ε|| = 

(0.38±0.05) %, ne = (7.5±1.5)*1012 cm-2) were significantly higher compared to the values obtained for 

the sample 1. Another important difference between the two samples is the presence of the areas with 

2D line shape characteristic of bilayer graphene in the Raman map of the sample 1, whereas for the 

sample 2 no fingerprints of bilayer graphene were revealed in its Raman spectra. 

The AFM studies revealed essential differences between the topography of the samples. The surface of 

the sample 1 was formed by relatively small and irregular steps with average width of ~600-700 nm 

and height of ~2-3 μm (Fig. 1, c). Topography of the sample 2 was completely different, showing wide 

(~10 μm) and high (~5-7 μm) steps. In addition, steps of smaller (~1-2 μm) width but similar height 

(Fig. 1, d) were observed between them. According to the data of Raman mapping (Fig. 1, b), it is the 

areas of narrow and high steps on sample 2 that contributed to the local inhomogeneity of strain. 

KPFM measurements revealed areas in the surface potential map of sample 1 characteristic of bilayer 

graphene, while in case of the sample 2 such features in its surface potential were not found. These 

findings are in a good agreement with the conclusions obtained from the analysis of Raman data.  

4. Conclusion 

Two epitaxial graphene samples were studied by a combination of AFM, KPFM and Raman mapping. 

Combined analysis of the data of these three techniques allowed us to conclude that presence of high 

and wide regular steps on the surface of the sample results in absence of bilayer inclusions, however, 

leads to large strain and doping level inhomogeneity. In case of smaller steps of irregular shape, the 

average values of strain and doping level as well as inhomogeneity of these parameters decrease, but 

concentration of bilayer graphene increases. The influence of strain inhomogeneity, doping level and 

surface topography of the graphene/SiC samples on their electronic properties will be investigated by 

studying the transport characteristics of the transistors manufactured on the basis of studied samples.  
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Abstract. Thin films of the Sb-Te system were obtained by thermal evaporation in vacuum and 
studied by transmission electron microscopy. Strong bending of the crystal lattice reaching 190 
deg/μm was revealed.  

Sb2Te3 is considered today as a promising material for non-volatile memory and 
thermoelectric elements [1]. Thin films of Sb-Te composition in a ratio of 2 to 3 were obtained 
by sequential thermal depositing in vacuum (Te was deposited first) with specially designed 
thickness gradient. The TEM examination was performed along the gradient in the bright (b.f.) 
and dark field (d.f.) modes with the help of bend contour method [2], supported by the selected 
area electron diffraction (SAED). Film thickness varies from 7 to 30 nm. In the thinnest part, 
the film has the structure of merging partially crystallized islands, Fig. 1 a. With an increase in 
the film thickness, individual grains, fig. 1 b, c, pairs (h k l and  ̅h ̅k ̅l) of bend extinction 
contours, fig. 1 c, d, e [2], zone-axis patterns, fig. 1 c, become discernible in TEM. Close pairs 
of bend contours are often formed during crystallization of thin amorphous films of various 
substances and indicate strong internal bending of the crystal lattice [2]. The value of the lattice 
bending determined from the distance between the contours in a pair, fig. 1 d, e, reaches 
190 deg/μm in the thickest part of the film. According to the SAED interpretation, the Sb2Te3 
phase (ASTM card № 15-0874) with the orientation of the zone axis [001], fig. 1 a, and Te 
phase (ASTM card № 04-0554) with the orientations [110], fig. 1 b, and [120], fig. 1 c, are 
observed in the film. 
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Figure 1. : TEM: a – film area in the thinner part of the gradient (above) and the corresponding 
SAED with bright rings indicated (below); b - film area in the middle part of the gradient (above) 
and SAED from the contrasting grain (highlighted in a circle) with indicated spots (below); c - film 
area in the thick part of the gradient (above) and SAED from the zone-axial pattern (highlighted by 
a circle) (below). d – TEM image of a film region with an identified extinction bend contour 
(highlighted by arrows) in the b.f. mode (corresponding SAED in insertion, with the d.f. spot pointed 
out); e – TEM image of the region in Fig 1 d in the d.f. mode, individual contour from pair is visible. 
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Annotation. This work is presented results experimental determination of the mechanical 

parameters of a GaN films grown by molecular beam epitaxy on silicon substrates. The study 

determined the values of Young's modulus and internal stresses for films with different growth 

parameters. The study was carried out by contact and optical methods on the formed cantilever 

and beam microstructures. The measured values can be used to develop the design and evaluate 

the characteristics of MEMS based on gallium nitride films. 

1. Introduction 

In the last decades, there has been a continuous development of the technology of epitaxial growth of 

gallium nitride inexpensive silicon substrates. The development of these technologies allows to obtain 

high-quality films at a significantly lower cost. First of all, this fact contributes to the wide distribution 

of these films in the microelectronic industry as a material for optoelectronics and high-power radio-

frequency electronics. However, its piezoelectric properties, high chemical, temperature and radiation 

resistance make it a promising material for the development of sensitive and actuator MEMS devices [1]. 

The development of such sensor devices requires the development of both technologies for the growth 

of high-quality GaN layers and post-processing [2]. In this case, the electric and elastic properties, as 

well as the internal stresses of the resulting films, will depend on their growth parameters [3]. Thus for 

designing MEMS devices with structural layers of GaN requires preliminary measurements of 

mechanical properties and evaluation of the influence of process parameters on their properties. In this 

work, we studied the Young's modulus and internal stresses for gallium nitride films grown by molecular 

beam epitaxy on silicon substrates. 

2. Research results 

In the course of the work, a technology was developed for the post-processing of gallium nitride films 

grown by molecular beam epitaxy on silicon substrates to form mechanical structures. This technology 

is based on plasma-chemical etching of GaN structural layers with the subsequent release of mechanical 

structures. According to this technology, micromechanical structures were produced in the form of 

cantilever and bridge arrays of elements. 

The obtained experimental samples made it possible to determine the mechanical parameters of GaN 

films using approved methods [4,5]. The elastic parameters of the films were determined using contact 

methods. The obtained values of Young's modulus are in the range of 200 ± 25 GPa and hardness of 15 

± 4 GPa, which corresponds to published data [1]. The obtained values are comparable with the values 

typical for bulk GaN single crystals and differ by about 1.5 times [6,7]. Based on the measurement 

results obtained and deformation strained film structures were obtained values of the internal stresses. 
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These values are in the range 1.39 ± 12 GPa and do not go beyond the literature data for structures grown 

by molecular beam epitaxy [8]. 

3. Conclusion 

In the course of work, a technology was developed for the post-processing of GaN films for the 

development of micromechanical structures. Experimental evaluation of mechanical properties of the 

gallium nitride epitaxial film in order to use them as functional layers MEMS sensors. The results 

showed the high promise of this material as a structural layer of MEMS devices.  
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Abstract. The effect of the temperature of the Si substrate and the glass is studied on the 

morphology and electrophysical parameters of ZnO:In nanocrystalline films obtained by 

pulsed laser deposition (PLD). A study was carried out of ZnO:In films obtained at substrate 

temperatures of 150, 300, and 400 °C. Studies have shown that with an increase in the substrate 

temperature from 150 ° C to 400 ° C, the film thickness decreases from 190 nm to 50-60 nm, 

and the grain size increases from 5 nm to 10 nm, while the concentration of current carriers 

increases from 2.12·1018 cm-3 to 3.5·1019 cm-3, their mobility increased from 2.51 cm3/(V·s) to 

6.17 cm3/(V·s), and the resistivity decreased from 0.93 Ω·cm to 0.029 Ω·cm. 

1. Introduction 

Pulsed laser deposition (PLD) is by far one of the most promising methods for producing 

nanocrystalline oxide films by condensation of the products of the interaction of laser radiation with 

the target material on the substrate surface. The main advantage of PLA is a high degree of 
compliance of the stoichiometry of the formed films with the target material. In addition, a high degree 

of supersaturation during condensation of ablation products leads to intense nucleation on all surfaces 

of the substrate and high morphological homogeneity of the formed film, which is important in the 
formation of transparent thin layers [1-3]. The main goal of this work was to study the influence of the 

temperature of the substrate during the formation of ZnO:In nanocrystalline films by the PLD method 

on their morphology and electrophysical parameters. 

2. Materials and Methods 

ZnO:In nanocrystalline films were obtained using the Pioneer 180 PLD (Neocera Inc., USA), which is 

part of the NANOFAB NTK-9 nanotechnological complex (NT-MDT, Russia). Si (111) and glass 

were used as substrates for the deposition of nanocrystalline films. Before applying the films, the 
substrates were chemically cleaned. The mode of ZnO:In film formation is characterized by laser 

wavelength λ=248 nm, energy density on the target surface 1.5 J/cm2, number of pulses 50000, laser 

pulse energy 10 Hz, pressure Ar 1·10-4 Torr, target distance - substrate 75 mm, cooling rate of samples 

2 °C per min. The variable parameter was the temperature of the Si substrate and glass: 150, 300, and 
400 °С. 

3. Results 

The morphology of the obtained ZnO:In nanocrystalline films and their thickness was studied using a 
Nova Nanolab 600 scanning electron microscope. In Fig. 1a, an image of the surface of a ZnO:In film, 
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190 nm thick, formed at a temperature of 150 °C is presented. The film has a continuous structure 

without visible defects, but its surface has a roughness, which is due to the presence of grains. Also, on 

the surface of the film were found structures similar to whiskers, with a length of about 200-250 nm 
and a width of 10-20 nm. In fig. 1b, an image of the surface of a ZnO:In film, 85 nm thick, formed at a 

temperature of 300 °C is presented. This film also has a continuous structure and consists of grains 

with a diameter of 5 nm. In fig. 1c shows a surface image of a ZnO:In film, 60 nm thick, formed at a 
temperature of 400 °C. The film also has a continuous structure, and consists of grains with a diameter 

of 8-10 nm. 

     

   Figure 1 - SEM images of the surface of ZnO: In nanocrystalline films formed at various substrate 

temperatures: a) 150 ° C; b) 300 ° C; c) 400 ° C. 

Then, the electrophysical parameters of the obtained ZnO:In films were investigated by the EMF 
method, the results of which are presented in discussions and conclusions. 

4. Discussion and Conclusions. 

As a result of the study, it was revealed that ZnO:In nanocrystalline films formed using the pulsed 
laser deposition method have different surface morphologies. The grain size in the films was the 

smallest at a substrate temperature of 300 °C. As the temperature of the substrate increases from 

150 °C to 400 °C, the ZnO:In film thickness decreases from 190 nm to 60 nm and the film resistivity 

decreases from 0.93 Ω·cm to 0.029 Ω·cm. In this case, the mobility of current carriers increased from 
2.51 cm3/(V·s) to 6.17 cm3/(V·s) and the concentration of current carriers increased from 2.12·1018 

cm-3 to 3.5·1019 cm-3. It was also revealed that at a temperature of 300 °C and 400 °C the film consists 

of grains with a diameter of 5-10 nm. The difference in the data obtained for the studied ZnO:In 
nanocrystalline films is due to the mode of their formation. This is due to a decrease in the density of 

defects with increasing grain diameters due to an increase in the temperature of the substrate. The 

obtained ZnO:In nanocrystalline films can be used as transparent conducting contact layers to various 
nanostructures. 
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Abstract. In this paper, we demonstrate an ability to produce aerosol metal Al nanoparticles 

with plasmon resonance in the ultraviolet region in a spark discharge generator in pure argon 

atmosphere. The sizes of the obtained primary particles with metal Al core and natural oxide 

shell in the range from 4 to 50 nm, which were collected in agglomerates with mean size from 

190 to 260 nm, were observed. It was found that obtained nanoparticles ensembles demonstrate 

the broad extinction peaks with maximum in the range from 205 to 300 nm depending on the 

synthesis conditions. It is shown that the experimental Al extinction spectra are in good 

agreement with simulation spectra calculated according to Mi theory for resulting Al 

nanoparticles ensembles. 

1. Introduction 

The effect of plasmon enhancement of luminescence in organic dyes and semiconductor structures 

near metal particles is used in chemical and biological sensors, solar energy and analytical 

spectroscopy. A plenty of studies were discussed the properties of plasmon structures of noble metals - 

Au and Ag nanoparticles characterized by plasmon resonance in the visible range. However, recently, 

interest in metal Al nanoparticles synthesis has been increased as promising alternative plasmon 

material with the following advantages: demonstration of surface plasmon resonance in the ultraviolet 

(UV) region, low cost, abundant in nature and high stability due to the presence of the shell natural 

oxide. Thus, the research of new methods for synthesis of Al nanoparticles and the study of its 

dimensional and optical properties is an actual task for science and technology. 

2. Methods and materials 

The spark discharge process [1] was performed with the following conditions: pulse repetition rate of 

500 Hz at a voltage of 1.5 kV in an argon flow 2 L/min. Argon working gas of purity 6.0 at a pressure 

of 1,3 atm and two D16 grade aluminum alloy electrodes were used. Nanoparticles aerosol passed 

through a custom-build tube furnace with the temperature from 25 to 700 ºC [2] and were collected on 

a nanofiber filter AFA-RMB-20 and TEM copper grid with carbon film. For the formation of a thin 

oxide film on the nanoparticles surface, which prevents their oxidation in air, an argon atmosphere of 

4.8 was created in the gas path, in which the nanoparticles remained for 1 hour. 

The microscopy studies were carried out on transmission electron microscopy (TEM) Jeol JEM 2100 

(200 kV) with energy dispersive X-ray spectrometer X-MAXN OXFORD Instruments. The UV-vis-

NIR spectra of nanoparticles dispersions in a quartz cuvette were obtained using JASCO V–770 
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spectrophotometer. The agglomerates size distribution in the flow was measured using a TSI SMPS 

3936 Aerosol spectrometer. 

3. Results and Discussions 

A change in the median diameter of the agglomerates with a sintering temperature shows only a small 

decrease in size below 400 °C from ~ 250 to ~ 190 nm (Figure 1). 

 

Figure 1. Dependence of median particle diameter of the agglomerates on the sintering temperature; 

Insets: TEM image of typical particles at 500 °C. 

According to TEM images, the particles has core-shell structure, the average particle size in five 

samples, synthesized at 25, 260, 500, 600 and 700 ºC, varies from 13 to 18 nm, most particles in all 

samples are characterized by sizes in the range from 5 to 40 nm, for samples synthesized at high 

temperatures from 500 to 700 °C, there are some single particles with sizes from 50 to 120 nm. It was 

found that with an increase in sintering temperature the width of the particle size distribution also 

grows. The measurements of the Al nanoparticles extinction spectra in isopropan ol alcohol showed 

the presence of wide absorption peaks in the ultraviolet region with peak positions from 205 (for 

nanoparticles synthesized at 500 °C) to 300 nm (700 °C). The extinction spectra calculated for 

nanoparticles ensembles with a log-normal size distribution obtained by TEM for aerosol Al-

nanoparticles shows that the multimode structure characteristic of large nanoparticles is “masked” and, 

due to the wide size distribution, the extinction spectra of the nanoparticles ensembles have one 

maximum at 210 - 270 nm and an extended long-wavelength wing of the spectrum. 

Thus, we demonstrated that using the gas discharge method metal Al nanoparticles with plasmon 

resonance in the ultraviolet region can be produced. 
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Abstract. Influences of the Ge2Sb2Te5 (GST225) phase state and thickness of the functional 

films on the optical parameters of multilayer GST225/ITO/Al structure were investigated. It was 

shown, that the ITO thickness determine the primary color, while the GST phase state – the tint 

of the investigated structure Simulation reflective spectra and calculation of CIE color 

coordinates allowed to optimize multilayer GST225/ITO/Al structure and identify thickness of 

each layer necessary for obtaining certain RGB-colors. In this work we also demonstrated how 

the sRGB colour gamut can be expanded by application of GST225 thin films. 

1. Introduction 

The optical displays are necessary elements of the visual information representation. Contemporary 

transmissive displays (LED/OLED) have high resolution video-matrix, but are volatile and need power 

consumption to show information. Alternative displays made are produced by refractive E-ink 

technology and can work in autonomous mode. However, low color variety and pixel switching rate 

(~100 ms) limits their application area and does not allow multicolor dynamic video playback. Non-

volatile full color dynamic refractive displays can be constructed by multilayer structures based on 

Ge2Sb2Te5 (GST225) layers [1, 2]. The aim of this work is investigation of the influence of layer’s 

thicknesses in the GST225/ITO/Al (GIA) multilayer structure and GST225 phase state on the optical 

parameters of the structure and possibility of creation a full color non-volatile pixel RGB-matrix. 

2. Methods and materials 

The thin films of multilayer GIA structures were deposited by the magnetron sputtering. The layer 

thicknesses were chosen according to the literature data and simulation results (GST225 – 7 nm;  

ITO – t nm, where t was equal 180, 205 or 250 nm; Al – 100 nm) and were controlled by stylus 

profilometer (KLA Tencor P-7). The simulation in Mathcad with using formulas of Fresnel, and 

refractive index n(λ) and extinction coefficient k(λ) obtained by ellipsometer for each layer was 

performed. The phase transition of amorphous GST225 (a-GST) into crystalline state (c-GST) occurs 

under thermal exposure (T = 220 °C, annealing time – 15 minutes). Structure analysis before and after 

thermal annealing was performed by X-ray diffraction method (Rigaku Smart Lab).  

3. Results and discussion 

A schematic image of the formed multilayer structures is shown in Fig. 1 (a). The primary color can be 

varied in a wide range, and is determined by the ITO thickness. A significant change in the optical 

properties of GST225 during the phase transition is responsible for controlling of reflected light and 

change of the GIA tint (Fig. 1, b). Fig. 1 (c) demonstrates the changes in optical properties of multilayer 

structure after phase transition: the spectral maximum of the diffuse reflection coefficient has a shift.  

70



 
Figure 1 (a, b, c, d). (a) Multilayer structure (schematic image); (b) Fabricated samples; (c) 

Experimental diffusion reflection spectra; (d) sRGB color gamut expansion with GST225 thin 

films. 

 
The obtained experimental results are somewhat different from the standard RGB-colors (see Fig. 1, b). 

However, the simulation reflective spectra and calculation of CIE color coordinates allowed to optimize 

multilayer GST225/ITO/Al structure and identify thickness of each layer necessary for obtaining 

standard RGB-colors. According to the CIE-diagram (Fig. 1, d), we can say that the application of 

GST225 thin films insure the expansion of the sRGB color gamut and allows to get more saturated and 

brighter image with improved white balance.  

4. Conclusion 

The fabrication technology of GST225/ITO/Al multilayer structure was developed in the work. It was 

found that the ITO thickness determine the primary colour, while the GST225 phase state – the tint of 

the investigated structure. The ability to control optical parameters, in particular, diffusion reflection in 

a wide wavelengths range is shown. A calculation algorithm has been developed and implemented for 

the evaluation of the influence of the structure parameters (GST225 and ITO thicknesses; GST225 phase 

state) on the samples optical properties, which is promising for the creation of a full-colour non-volatile 

pixel RGB matrix and controlling of the light flux. 
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Abstract. Present work is devoted to the synthesis of nanoparticles of hydroxyapatite - 
demanded material for bone tissue engineering and cosmetology. The synthesis was carried out 
by the hydrothermal method. Doublе charged ions of 3d elements (Ni, Co, Cu) were used as 
dopants. XRD, Raman spectroscopy, TEM and BET methods as well as IR spectroscopy were 
used to characterise obtained nanoparticles. Quantum-chemical calculations were performed 
and the values of the optical band gap were calculated from the absorption spectra and were 
verified with the calculations data. 

1. Introduction 
Hydroxyapatite (Ca10(PO4)6(OH)2, HAp) is the main inorganic component of human bone tissue. It 
possesses an important biological features like osteoinduction and osteoconduction, as well as 
capablity of producing collagen formation, which makes it a demanded material for bone tissue 
engineering and cosmetology. Recently, great attention was paid to giving HAp additional 
functionality - for example, the ability to conduct electric current (to stimulate cell growth) or to be 
colored (to produce multifunctional pigments), which can be achieved by changing the electronic 
structure of a solid by doping. However, at the present moment in the literature there is no unequivocal 
opinion on how to correctly characterize these changes, and no understanding of how to conduct 
doping process to obtain objects with desired properties. 
 

2. Results and discussion 
In the present work, doublе charged ions of 3d elements (Ni, Co, Cu) were used as dopants. The 
synthesis of nanoparticles was carried out by the hydrothermal method, the phase composition, size 
and shape of the nanoparticles were determined using XRD, Raman spectroscopy, TEM and BET 
methods. The surface composition of nanoparticles and the presence of dopant-oxygen bonds were 
studied by IR spectroscopy. The values of the optical band gap were calculated from the absorption 
spectra and were used to verify the data of quantum chemical calculations. Quantum-chemical 
calculations were performed using the Abinit software package in the framework of the density 
functional theory (DFT) in local density approximation (LDA) and generalized gradient 
approximation (GGA) using standard and original approaches. 
It was shown that the synthesized nanoparticles have a size of about 26 nm in thickness and 54 nm in 
length. The resulting nanoparticles form the following size range (by size reduction) - HAp, Co-HAp, 
Ni-HAp, Cu-HAp, which is associated with the peculiarities of the chemical behavior of dopants in the 
initial reaction medium. For all doped nanoparticles, a change in the unit cell parameters was 
registered, as well as a decrease in crystallite sizes relative to the undoped HAp, which indicates the 
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success of the doping. It was found that the introduction of the dopant allows to decrease the band gap 
from 4.6 to 2.5 eV. 
It was shown that out of the two nonequivalent positions of the calcium atom in the lattice, the 
position indicated in the literature Ca2 is the most favorable for substitution by dopant atoms. An 
original approach used together with the GGA functional allows us to achieve the correspondence 
between the calculated and experimental values of the band gap. According to the data of partial 
densities of states (contributions to the density of states for individual atoms), it is shown that the 
introduction of a dopant leads to the appearance of additional levels in the band gap. It was established 
that the Fermi level of the synthesized samples linearly depends on the electronegativity of the dopant, 
and the calculation of the densities of states in highly symmetric crystallographic directions (band 
structure) allowed us to conclude that the obtained materials are direct-gap semiconductors. 
Thus, for the first time, a complete quantum-chemical description of doped hydroxyapatite 
nanoparticles was carried out and the possibility of controlling the position of the Fermi level and the 
width of the band gap by selecting the dopant according to its electronegativity was shown. 
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Abstract. This paper demonstrates the results of precise frequency measurements of Raman 

spectra of the epitaxial GaN layers grown on Si (111) by PA MBE.  It was demonstrated that the 

optical Si phonon exhibits negative shift and so does the 𝐸2
ℎ GaN phonon. Thus, it proves that 

the GaN layer less than a micrometer leads to the appearance of tensile stress in the structure. 

The stress was calculated and compared for the structure with nitridation and without it. 

 

1.  Introduction. 

Gallium nitride is considered to be an excellent material for the development of power electronics. GaN 

gadgets cover the broad spectral range from the IR to UV regions. This semiconductor with the wide 

bandgap can possibly lessen consumption of energy and size of electronic devices compared to existing 

ones. Due to their mechanical properties, chemical stability, good thermal conductivity, structures based 

on GaN more and more penetrate the market.  

Over the past decades many studies have been concerned with improvement of the quality of epitaxial 

GaN grown on silicon substrate. The lattice mismatch is huge as well as the difference in thermal 

expansion coefficients of these two materials, leading to the appearance of large number of defects and 

even cracking. In addition, diffusion of impurities from the silicon substrate into the gallium nitride 

epitaxial layer can occur [1]. 

One of the ways to overcome some of these issues is a surface nitridation before the growth process. 

The nitridation at substrate temperature Ts = 850oC was proven to lead to high quality optical properties 

[2]. 

 

 

2. Experimental details. 

The studied GaN layers were grown on Si (111) substrates by PA-MBE on a Veeco Gen 200. We used 

a high - frequency (13.56 MHz) plasma source Riber RFN 50/63 for nitrogen activation. 

The thickness of the epitaxial layers were 860 nm and 770 nm for the samples with substrate surface 

nitridation (SixN y) and without it respectively.  

The morphology of both epitaxial GaN layers were studied by scanning electron microscopy. The 

structural properties of GaN films were studied by Raman spectroscopy using Horiba Jobin Yvon 

LABRAM HR 800 spectrometer with an excitation wavelength of 532 nm. 

 

74



3. Results  

We measured the Raman spectra for both samples and Si (111) substrate and presented the example in 

figure 1. 

 
Fig. 1. Raman spectra of and GaN/Si and  Si (111) substrate. The solid curve corresponds to the 

GaN/Si. The dotted curve corresponds to the normalized Si (111) spectrum. 

 

The experimental data showed that the spectra of both GaN/Si (111) layers contain the same phonon 

modes. In both samples the optical Si phonon experienced the negative shift 0.4 cm−1 with respect to 

the value obtained in Si (111) substrate (520.6 cm−1).  

The position of E2
h GaN phonon is extremely sensitive to biaxial deformation in this structure. It 

should be noted that many studies still apply incorrect value for the calculation of stress, although the 

position in stress-free GaN was carefully studied recently in [3]. Thus, we obtained the biaxial stress in 

both samples. The frequency of LO GaN phonon was compared for both structures as well.  

We showed that the PA MBE growth of gallium nitride layers leads to the changes on both sides of 

this structure interface: both GaN layer and Si surface at the interface are under compressive strain.  
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Abstract. New pyrolysis method of synthesis was employed to prepare high-quality 

nanocrystalline transparent ZnO films. The fabricated material was investigated by X-ray 

diffraction, scanning electron microscopy to determine the structure, phase composition, 

thickness and surface morphology of the ZnO film. The structural analysis of the films 

indicates that they are polycrystalline and have a wurtzite structure. The film structure consists 

of nanocrystallites about 10–20 nm in size uniformly distributed over the surface of the 

substrate and over the film thickness. 

1. Introduction 

During the last decade special attention has been paid to obtaining highly dispersed forms of zinc 

oxide (ZnO) in the form of nanoparticles, rods, and films. ZnO is one of the most used materials due to 

its good electrical, optical properties, non-toxicity and low cost [1-2]. ZnO-based films can be used as 

deposition of conductive transparent contacts, which are necessary in the manufacture of 

optoelectronic devices [3], as well as gas sensors [4]. Many techniques have been used to fabricate 

ZnO films, including the vapor–liquid–solid epitaxial, CVD, pulsed laser deposition, hydrothermal [5] 

and sol-gel methods [6], etc. But they have disadvantages, such as the high cost of equipment (pulsed 

laser deposition, hydrothermal method), the duration of the process (sol-gel method), so one of the 

main tasks of materials science is to find ways to obtain thin films of ZnO from available reagents 

using inexpensive methods to control thickness, composition and other characteristics of finished 

materials. This paper presents the results of a new method for the zinc oxide synthesis in the form of 

transparent films using an organic zinc compound as a precursor. 

2. Experiment 

To obtain these films, the following main reagents were used: zinc acetate hydrate 

(Zn(CH3COO)2·2H2O (chemically pure), acetone, dioxane, distilled water and organic acid. The 

organic compound of zinc was obtained by reacting organic acid with zinc hydrate. The amount of 

organic acid was calculated using the reaction equation with a 10% excess. As a synthesis result, an 

amorphous powder was obtained, which was used as a precursor for the film coatings production. To 

achieve this, the organic zinc compound was dissolved in dioxane in a ratio of 1:5, the solution was 

applied to a pre-prepared purified substrate (glass, polycor and silicon were used as substrates), dried 

first at room temperature, and then at 373 K. In this way 3 layers of the precursor solution were 

applied. Heat treatment of the films was carried out under heating at a speed of 10 deg/min, with 

exposure at 723K for 1 h. After firing, the films were cooled to room temperature.  

76



 

 

 

 

 

 

The phase composition of the obtained films was studied X-ray diffraction (XRD) using a 

diffractometer ARLX'TRA, Thermo ARL (Switzerland) with CuKα X-rays. The morphology and 

thickness of the films studied by scanning electron microscope (SEM) on an ЕМХplus 10/12 Bruker 

(Germany). 

3. Results and discussion 

Fig. 1(a) shows the XRD pattern of an as-prepared ZnO thin film deposited on a glass substrate. The 

main phase of the obtained films is the crystal structure of wurtzite as expected for zinc oxide. The 

average crystallites size was 9 nm as calculated by Sherrer’s equation. SEM analysis revealed a crack-

free surface morphology. The film structure consists of nanocrystallites about 10–20 nm in size 

uniformly distributed over the surface of the substrate and over the film thickness. The film structure 

is similar to a “finely porous sponge”. The average thickness of three-layer films is 180 nm. Separate 

layers on cleaved or scratched films do not differ, which indicates a high-quality technology for its 

formation.   

 

Figure 1(a, b). (a) X-ray diffraction patterns of synthesized ZnO film; (b) SEM images of ZnO film. 

4. Conclusion 

The proposed new method for producing thin films of zinc oxide is an economical and simple 

technique, requiring non-expensive equipment and non-toxic reagents. This method allows to obtain 

high-quality transparent films of controlled thickness, which include crystallites 10-20 nm in size.  
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Abstract. The influence of growth zones and growth medium on the production of a bulk 

gallium oxide crystal by the Czochralski method is considered. The optical properties of 

the obtained gallium oxide crystal were studied. Structural properties were studied by X-

ray diffraction.  

  

Semiconductors and semiconductor structures are widely used today. Nowadays, people create diodes, 

transistors, solar cells and other devices with their help. The demand for the capabilities of electronics and 

the constant growth of capacities for use in microelectronics leads to the need to search for new materials 

for power electronics and optoelectronics. [1,2] One such material is gallium oxide. Gallium oxide is a 

wide-gap semiconductor with a band gap of 4.8-4.9 eV.[3-6] Gallium oxide is one of the few crystals that 

can be obtained as a bulk crystal by the Czochralski or Stepanov method.[7-10] 

To obtain a crystal, a NIKA-3 growth unit with induction heating was used, which allows to grow crystals 

by the methods of Czochralski and Stepanov. Gallium oxide powder was used as the starting material. An 

iridium crucible was used to produce the melt. All samples were synthesized in a closed system with a 

constant atmosphere. As the atmosphere, carbon dioxide and argon gas were used in different ratios. 

As a result of experiments on the production of a gallium oxide crystal by the Czochralski method, 3 

configurations of the growth zone were studied. By switching from a re-emitting ring to induction heating 

of the crucible itself, oxygen-containing atmospheres were achieved. Due to the transformation of growth 

zones, the transition to the zone of the type of "ceramic pipes" and the use of oxygen-containing 

atmospheres, it was possible to achieve a symmetrical crystal growth. 

 
Figure 1. Figure of transparent spectrum on the left and obtained sample on the right. 

 

A plane-parallel sample 1 mm thick was obtained by cleaving a crystal and its optical properties were 

studied. Spectroscopic studies of the obtained sample showed that it is transparent in the near UV and 

visible range, the absorption band starts from 250 nm. (figure 1). The band gap was estimated from the 

experimental absorption spectrum, which was about 4.7 eV. According to the results obtained, it can be 

assumed that today the technology is not fully developed and defects are present in the crystal. 

Structural properties were studied by X-ray diffraction. X-ray diffraction scan showed that crystal faces 

were formed by (200),(400),(600) family of crystallographic planes (figure 2). 
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Figure 2. Figure of X-ray diffraction obtained bulk crystal Ga2O3. 

 

The paper considers the possibilities of practical application of the material. The influence of growth zones 

and media on the possibility and quality of obtaining a gallium oxide crystal is investigated and shown. It 

is concluded that the best growth condition is the use of growth zones such as "ceramic pipes" and the use 

of oxygen-containing atmospheres. The optical properties of the sample were studied and the band gap of 

the crystal was estimated at 4.7 eV. Based on the estimated band gap, it was concluded that at the moment 

the crystal has defects and structural damage. 
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Abstract. A method of controlled generation of metal suboxide films is proposed, basing on 

low-current ion sputtering of native oxides of ultra-thin metallic films and XPS chemical and 

phase depth profiling. Niobium suboxide ultra-thin films are generated and controlled using 

this approach. 

Metal-suboxide ultra-thin films are used for manufacture of memristors [1]. Memristors are the base 

for memory cells and/or bidirectional selectors for resistive random access memory (RRAM) [2]. To 

generate an oxide layer, various methods are used, i.e. electrostatic spray deposition (ESD) and atomic 

layer deposition (ALD) [3]. However, controlled production of suboxide layers of a certain thickness 

is a matter of significant difficulties. In [4], Ar+ sputtering of a natural metallic oxide layer for 

generation of a suboxide layer was used and the results of sputtering were observed with the help of 

X-ray photoelectron spectroscopy (XPS). For interpretation of results, standard methods were used 

that didn’t enable to determine the film thicknesses and oxide phases. 

In our research, we used low-current ion sputtering of native oxides on ultra-thin metal films. After 

each stage of sputtering, depth chemical and phase profile of multi-layer films was controlled by our 

new method [5]. This approach enabled us to choose sputtering parameters for generation of ultra-thin 

suboxide films of desired profiles. 

In this work, oxidized Nb films 5, 10, 15 and 100 nm were studied. The niobium films were deposited 

on a silicon substrate using magnetron sputtering technique performed with the experimental setting 

Pfeiffer Vacuum SLS630G. During the deposition process, the film thicknesses were controlled 

through a known deposition rate. The deposition rate was confirmed by transmission electron 

microscopy. 

Depth profiling was performed by means of XPS using the method [5]. The photoelectron spectra 

were recorded with the help of an electron and ion spectroscopy module based on the platform 

Nanofab 25 (NT-MDT) by a semi-spherical energy analyzer SPECS Phoibos 225. 

The probing depth was about 10 nm. The films were sputtered delicately with the help of an ion gun: 

Ar+, energy 0.5 keV, incidence angle of the beam 70 degrees, ion current about 50 nA, sputtering 

cycle time 20 min. 
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(a) 

 
(b) 

Figure 1(a, b). XPS spectra. Line Nb3d, Target: NbOx/Nb/Si: (a) before sputtering; (b) after 

sputtering, sputtering time 20 min. Circles: experimental data. Solid lines: calculation. Filled areas: 

partial peaks. 

Figure 1 presents the results of XPS spectra deconvolution for oxidized Nb films 5 nm thick before 

and after sputtering. Table 1 displays computing results for thicknesses following the formula from 

work [5] which accounts for partial intensities obtained by decomposition of the line Nb3d. 

Table 1. Chemical and Phase Depth Profiling of a NOx/Nb/Si Target 

 Before sputtering After sputtering 

d (nm) Formula d (nm) Formula 

5 7.2 Nb2O5 2.1 Nb2O5 

4 
 
 
 
}  1.3 

0.21 NbO2 + 0.24 NbO + 

0.55 Nb2O 

0.5 NbO2 

3 3.8 Nb2O3 

2 0.8 0.35 NbO + 0.65 Nb2O 

1 – Nb – Nb 

Substrate  SiO2/Si  SiO2/Si 

Our investigation shows that the structure of generated suboxide Nb films is always complex, 

depending on initial film thickness, sputtering conditions. Information about chemical and phase depth 

profiles of films by certain sputtering parameters will enable to generate films of desired structures for 

memristors. 
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Abstract. The formation of nickel catalytic centers from atomic flows obtained by the method 

of vacuum resistive evaporation is described. A model of kinetics of nickel catalytic centers 

formation from atomic flows has been constructed. According to the results of theoretical 
studies, it was learned that flux of nickel atoms to the substrate F=1.296*1018, residence time 

of the nickel atom on the substrate in the adsorbed state tg=5.135*10-7, and concentration of 

adsorbed atoms as a function of time N=6.657*1011. 

1. Introduction 

Currently, carbon nanostructures are the structural basis for many micro and nanoelectronic devices. 
Each modification of which has its own individual properties and possible prospects. So carbon 

nanotubes have been used for transistors, diodes, memory elements, nanocathodes, batteries and others 

[1-4]. However, although many publications indicate experimental confirmation of these applications 
and confirmations of formation of carbon nanostructures that satisfy given process parameters, the 

theoretical basis of process of growth and formation of carbon nanotubes is still a weak point of 

nanotechnology [5, 6]. This work is aimed at carrying out theoretical studies of kinetics of catalytic 
centers formation from atomic flows of matter for oriented growth of carbon nanotubes. 

2. Discerption of investigation  

Formation of catalytic centers from transition metals on surface of substrate is the initial and one of 
the most important stages in technology of producing carbon nanotubes by plasma chemical vapor 

deposition (PECVD). The consideration was based on formation of nickel catalytic centers. 

 
In further considerations, it is assumed that nickel catalytic center is a single crystal with an axis [100] 

parallel to axis of nanotube and a base face (001) on which acetylene does not decompose and carbon 

is not deposited. According to the growth mechanisms considered earlier in another papers, there is a 
difference in activity of dissociation at different faces of nickel single crystal. With the single crystal 

structure of catalytic center, complete dissociation of acetylene occurs on Ni (100) faces, while 

molecular desorption is observed on Ni (110) and Ni (111) faces. 
 

It’s considered that formation of nickel catalytic centers from atomic flows obtained by method of 

vacuum resistive evaporation. The initial data used in the calculations: the binding energy of two 
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nickel atoms adsorbed on the surface of the substrate WG = 1.6 eV, residence time of atom on 

substrate t0 = 10-13 sec, evaporation temperature TE = 1200 K and substrate temperature TS = 750 K. 
 

 

 
Figure 1 (a, b). AFM (a) и REM (b) images of catalytic centers fabricated on Ni/V/Si structures 

under 600оС. 

 
So, for example, in theoretical model, the particle evaporation flow rate, taking into account 

assumption that there is no reevaporation of adsorbed single atoms, can be estimated based on kinetic 

theory of sublimation according to the Knudsen equation: 

𝑭 =
𝑷

√𝟐𝝅𝒎𝒌𝑻
 (1) 

m – mass of molecule, P – equilibrium vapor pressure at the evaporation temperature T. 

3. Results and Discussion 

The model obtained in the course of theoretical studies allows us to evaluate dynamics of catalytic 

centers formation, taking into account their sizes. Based on the results of which we obtained the 
following values of flux of nickel atoms to substrate F=1.296*1018, residence time of the nickel atom 

on the substrate in the adsorbed state tg=5.135*10-7, concentration of adsorbed atoms as a function of 

time и N=6.657*1011. 
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Abstract. This work is devoted to studying the influence of the temperature on the spectral and 

luminescent properties of nanoglassceramics obtained by high-temperature heat treatment of the 

initial glass containing chromium oxide. The luminescence spectra are obtained for samples with 

different concentrations of antimony oxide, which plays the role of a reducing agent, during 

heating and subsequent cooling. The dependence of the luminescence intensity on temperature 

is established. The possibility of using the materials under study as luminescent temperature 

sensors is also considered. 

1. Introduction 

One of the promising areas of optical material science is the development of glass-ceramics, wherein 

one or more crystalline phases are distributed in the amorphous glass matrix. Glass-ceramics are 

produced by controlled crystallization of certain glasses, which is generally induced by nucleating 

additives. This is in contrast with spontaneous surface crystallization, which is normally not wanted in 

glass manufacturing [1]. Such materials at the same time possess the advantages of both crystals (high 

quantum yield of luminescence, the absence of inhomogeneous broadening of spectral lines), and glasses 

(production simplicity and speed, lower costs for equipment and materials). 

Currently, crystalline materials activated by transition metals ions are being actively studied. Glass-

ceramics doped with chromium ions are of interest as materials for luminescent temperature sensors. 

The operation principle of these optical devices is based on the effect of temperature redistribution of 

energy over excited levels [2]. This technique provides a non-contact temperature measurement by 

probing the temperature dependence of fluorescence intensities. Compared with conventional 

temperature monitoring devices, fluorescence based thermometry system does not affect the temperature 

field and is particularly advantageous operating in electromagnetically and / or thermally harsh 

environments, such as at electrical power stations, near high power electric transmission lines, and 

remote temperature detection in buildings on fire [3]. 

In the present work, the temperature effect on the luminescent properties of chromium-doped borate 

glass-ceramics was studied. The results indicated that material under study has great potential to be used 

as optical temperature sensor with various advantages over the existing fluorescence-based sensors. 

2. Methods and measurements 

In the present work, glasses of the composition 12.5K2O-12.5Li2O-25Al2O3-50B2O3 containing 0.1 mol. 

% Cr2O3 were synthesized. Antimony oxide was used as a reducing agent, the concentration of which 

varied from 0.5 to 0.005 mol. %. The obtained samples were heat treated at a temperature of 600°С thus 

forming stable volumes of the crystalline phase throughout the interior of the glass. 
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The temperature influence on the luminescent properties of ceramics under study were measured for 

several compositions containing different amount of antimony oxide. The measurements were carried 

out using an experimental setup consisting of a diode laser (wavelength 532 nm), a furnace wherein a 

sample was placed for heating, a focusing lens, and a spectrometer recording the luminescence spectra 

of the sample in real time. The sample was heated to a temperature of 600 С̊, followed by cooling to 

room temperature. 

 

3. Results 

Figure 1(a) shows the luminescence spectra of the sample containing 0.5 mol. %. Of antimony oxide 

with a change in temperature from 30 to 600. As we can see from the graph, the intensity of Cr3+ 

luminescence bands located in the 700 nm region rapidly decreases with increasing temperature and 

becomes insignificant when reaching 300 ̊С. In addition, at high temperatures, a wide luminescence 

band in the region of 850-1150 nm is observed. Its appearance can be explained by the oxidation of 

trivalent chromium to a tetravalent state under the influence of the temperature. Figure 1(b) shows the 

temperature dependence of the luminescence intensity upon heating and cooling of the sample. It can 

be noticed that in the temperature range of 30-150 С̊ the intensity decreases linearly, which is a good 

reason for using the studied material as a temperature sensor. 
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Figure 1. a) Luminescence spectra of chromium-doped ceramic with a change in temperature;  

b) Temperature dependence of the luminescence intensity upon heating and cooling of the sample. 

 

4. Conclusions 

During this study, the temperature dependence of Cr3+ luminescence intensity was obtained for samples 

with different concentrations of antimony oxide. It was found that rapidly decreases with increasing 

temperature, but high temperature causes the appearance of luminescence band in another spectral 

region.  

Experiment showed that in the temperature range of 30-150 ̊С the luminescence intensity decreases 

linearly. Based on this, it was considered that chromium-doped ceramics can be used in construction of 

luminescent temperature sensors.   
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Abstract: Тhis paper presents a study of a vacuum meter with a sensitive element based on an 

array of carbon nanotubes. The study used a method of plasma chemical deposition from the 

gas phase, which allows to obtain oriented CNT arrays on various substrates. A special feature 

of this method is the use of catalytic centers. The results obtained during the study show that 

the vacuum meter has a sensitivity of about  2.4×10-8 A/PA, a speed of 4 seconds, at U=20 V, 

and a power consumption of 1.5 × 10-7 W. 

1.Introduction 

Increased interest in the study of carbon nanotubes (CNT) is due, on the one hand, to their unique 
physical and chemical properties, which make them an attractive object of fundamental research, and, 

on the other hand, to their broad prospects for applied use. The development of technologies for 

obtaining arrays of oriented carbon nanotubes with controlled parameters opens up wide opportunities 
for their application in microelectronic sensors for creating sensitive elements of gas sensors. Such 

sensitive elements can reduce the operating voltage and improve the weight and size characteristics of 

devices [1-3]. 

 

2.Materials and methods 

When creating the vacuum meter, the substrate was made of Si silicon plates, which were coated with 

a film of Ti (300 nm) sublayer, which provides electrical contact to the CNT array, and a layer of Ni 
(10 nm) catalytic center material. Metal films were applied by magnetron sputtering. An array of 

vertically oriented CNT with a height of 5 microns and a diameter of 30-50 nm nanotubes was grown 

on the formed structure. the size of the array was 5x5 mm. As an insulator between the anode and 
cathode, self-conducting silicon plates were used, thinned by chemical etching to 55 microns, as a 

result, the gap between the tops of the CNT and the upper flat electrode was 50 microns. Next, the 

upper electrode was attached to the structure, which was a silicon plate Si with a layer of titanium   

300 nm deposited on it, electrical contacts and load resistance were supplied. 
 

3.Results 

Figure 1 shows the Volt-ampere characteristics (VAC) of the vacuum meter at different air pressure in 
the chamber. 
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Figure 1-Volt-ampere characteristics of the layout at different pressures 

 
The analysis of dependencies shows a decrease in current when the pressure decreases, which 
corresponds to Paschen's law. The dependence of current on pressure allows us to determine the 

sensitivity of the layout of the ionization gas sensor, when used as a vacuum meter, which is             

2.4 × 10-8 A/PA at U = 20 V. in this case, the power consumption is 1.5 × 10-7 W. To determine the 

reaction time and recovery, experimental studies were conducted in which the vacuum chamber was 
pumped out from 770 Torr to 330 Torr in 120 seconds. The measurements were performed at a 

temperature of 300 K, with a potential of -20 V. under these conditions, the current changes from 

8×10-7 A to 3×10-10 A in 124 seconds, with a pumping time of 120 seconds, which corresponds to a 
reaction time of about 4 seconds. The vacuum meter at U=20 V has a sensitivity to air pressure of the 

order of 2.4×10-8 A/PA with a speed of ~ 2 seconds, power consumption of 1.5×10-7 W. 
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Abstract. The use of focused ion beams and atomic plasma chemical etching for forming an 

array of field emission structures on surface of SiC substrates is considered. SF6 was used as 

the fluorine-containing gas. Topology of formed elements was monitored using  

scanning electron microscopy method at Nova NanoLab 600. Dependences of geometric 

parameters of formed structures (topology of tip and its depth) on emission current were 

determined. Dependence of change in applied voltage and generated electric field of used to 

study probe on emission current density is also considered. 

1. Introduction 
SiC is a promising material for micro- and nanoelectronics, and finds application in various 

manifestations, ranging from bulk MEMS structures to transistor elements. The instrumental output of 
SiC-based products largely depends on the Si or C side, which used with their distinctive physical and 

electrical parameters [1-3]. For each side, there are various technological methods for formation of 

structures, however, many of them either introduce significant damage to structural layers or require 
presence of additional dielectric layers to protect influence of substrate on the growth of working 

elements on SiC [4-6]. In this connection, development of formation technology of nanoscale emission 

structures based on SiC by focused ion beam and atomic plasma etching methods, a characteristic 
feature of which would be low influence of presence of bulk and structural defects in surface region of 

the substrate, is relevant. 

2. Method 
The studies are based on SiC substrates, surface of which was subjected to standard chemical cleaning 

processes. Initially, a frame of future nanoscale structure of a SiC-based field emitter was formed on 

surface of substrates using nanoscale profiling based on focused ion beams. For this, samples were 
placed in vacuum chamber of Nova NanoLab 600 module of focus ion beams and oriented in such a 

way that stream of accelerated ions fell on the substrate in the normal direction. During exposure to 

beams, working vacuum was maintained at a level of 1 ÷ 2 × 10-4 Pa. 
The next step was formation of a carbon nanoscale layer on the surface of array to reduce electron 

work function and start of electron emission. This process was carried out on basis of atomic layer 

etching in a fluoride plasma. SF6 was used as a fluorine-containing gas, due to which it was possible to 
etch the surface layer of SiC. In this case, only Si was removed from their crystal lattice and a thin 

carbon layer was formed on the surface of the samples. 
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Figure 1. REM-images of SiC surface with auto emission structures massive based on graphene 

layer 
 

Topology of formed elements was monitored using the Nova NanoLab 600 scanning electron 

microscopy method. 

3. Results and Discussion 

At the end of experimental series of studies, an array of field emission structures was formed on 

surface of SiC substrate, as shown in fig. 1. Dependences of geometric parameters of formed 
structures (topology of tip and its depth) on emission current were determined. Dependence of change 

in applied voltage and generated electric field of used to study probe on emission current density is 

also considered. 
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Abstract: In this work large-area vertically oriented MoS2 (V-MoS2) nanosheets were 
synthesized by single growth step using low temperature MOCVD on silicon, SiO2 and 

quartz substrates and there's optical properties were investigated. 

 

 

Introduction: 

MoS2 has an attractive properties such as possibility to transform band structure of MoS2 from an indirect 

band gap to a direct one when decreasing its thickness from bulk to a single, high mobility and absorption 
over broad spectral range layer [1],  making it as a promising candidate in Nano-electronics and 

optoelectronics for manufacturing of enhanced transistors, sensors and electronic displays because of 

those unique properties. In addition, MoS2 yielded the progressive results in the fields of solar cells, 
energy storages, energy conversions and catalytical applications [2].  However recently formation of 

vertically aligned MoS2 nanosheets has been achieved and remarkable interest due to their features 

including high aspect ratio, maximum surface area, extensively exposed edges [3].  

 

Experiments: 

The deposition process was carried out in the hot-wall low pressure tubular CVD reactor . Mo(CO)6 

powder and H2S were used for MOCVD growth of MoS2 films. The Mo precursor Mo(CO)6 was 
introduced into the deposition chamber by using argon as a carrier gas from the evaporator, which was 

maintained at temperature 30 °C, and H2S were used as the reacting gas . Total pressure in the reaction 

chamber was fixed at 2 torr  and deposition temperatures  250 °C, S/Mo ratio in reactor were 375, finally 
Time of deposition was 30 min.  

 

Results: 

The SEM images in figure 1 show as-deposited MoS2 film surface and cross-section, film compose of 
vertical aligned sheets with hight of 185 nm, while EDX (not shown ) confirm the stoichiometry of the 

MoS2 film 2.05. 

Raman spectrum of vertical nanosheets in figure 2 ,spectrum has two strong characteristic Raman modes 
E1

2g and A1g were observed at  382 cm-1 (FWHM ~18 cm-1) and 407 cm-1  (FWHM ~ 8 cm-1 ) 

corresponding to in-plane vibration of molybdenum and sulfur atoms, and out-of-plane vibration of 

sulfur atoms, respectively .The frequency difference (Δf ) between the E1
2g and A1g modes can be reliably 

used to count the number of MoS2 layers. The Δf value observed is ∼25 cm−1, This indicates the presence 

of five or more layers of MoS2 in the Nanosheets. Integrated intensity ratio of the Raman modes 

(A1g/E
1
2g) ~ 2.5,3. confirm vertical sheets[4].  

MoS2 has Two optical transitions denoted as mode A and mode B  appearing at 1.85 and 1.95 eV (in the 
visible region). The PL spectra  of vertical nanosheets is in figure 3, spectrum recorded at room 

temperature using laser argon (488 nm) , Vertical nanosheets has mode A at 1.87 eV while mode B 

disappear, and peak around 1.75 eV appear maybe due to trion and bound exciton. Interestingly, the PL 
feature observed here occurs at a similar energy position to that of the direct band-gap monolayer MoS2 

indicating the growth of nanosheets with comparable optical quality to that of the monolayer MoS2. 

90



 

References 

[1] B. Radisavljevic, A. Radenovic, J. Brivio, V. Giacometti, A. Kis, Single-layer MoS2 transistors. 

Nat. Nanotechnol. 6, 147–150 (2011). 

[2] H. Li, J. Wu, Z. Yin, H. Zhang, Preparation and applications of mechanically exfoliated single-layer 

and multilayer MoS2 and WSe2 nanosheets, Acc. Chem. Res. (2014) 

[3] S. Li et al., Edge-enriched 2D MoS2 thin films grown by chemical vapor deposition for enhanced 

catalytic performance. ACS Catal. 7, 877–886 (2017). 

[4] Saikumar Inguva, Jian-Hui Cai, Cong Hu, Jing Wu, Youming Lu and Xinke Liu, MATER. RES. 
EXPRESS, 2018 , V.5,  N.7 , 075026. 

 

 

Figure 3, PL spectra of MoS2 vertical nanosheets 
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Abstract. The work is concerned with a detailed study of the growth and physical properties of 
InGaN nanostructures with branched morphology. The InGaN nanostructures are grown by 
molecular beam epitaxy on unprepared Si (111) substrates. The study of a morphological 
properties shows that InGaN nanostructures such as nanoflowers and nanowires are formed. It 
is determined that the chemical composition of the obtained InGaN nanostructures corresponds 
to the miscibility gap. 

1. Introduction 
InGaN is a paramount material for applications in solid-state lighting [1] and renewable energy sources 
[2] because it has a direct band gap in the range from 0.7 to 3.43 eV achieved by tuning the alloy 
composition. However, the synthesis of high-quality InGaN epitaxial layers is difficult due to the lack 
of lattice-matched substrates, the miscibility gap and the different thermal expansion coefficients 
between InGaN and other materials. These problems can be tackled via the synthesis of InGaN 
nanostructures of branched morphology such as nanowires and nanoflowers. Due to a branched 
morphology of nanostructures, mechanical strains caused by the difference in lattice constants and 
thermal expansion coefficients between InGaN and substrates, effectively relax, leading to a significant 
decrease in the number of defects and a circumvent of the miscibility gap [3, 4].  
This work presents the results on the growth by molecular beam epitaxy and investigation of 
morphological and optical properties of InGaN nanostructures of a branched morphology on unprepared 
Si (111) substrates.  

2. Experiments  
The InGaN nanostructures were grown using Riber Compact 12 MBE system equipped with In and Ga 
effusion cells and a nitrogen source.  
Morphological properties of the samples were examined using a SUPRA 25 C. Zeiss scanning electron 
microscope (SEM). The optical properties of the samples were studied using the photoluminescence 
(PL) method at room temperature.  

3. Results 
A study of morphological properties of the samples synthesized shows that InGaN nanostructures have 
a complex shape. At the initial stage of growth, an array of high-density nanocolumns is formed. At the 
next growth stage, three-dimensional InGaN nanostructures, such as ‘nanoflowers’, are shaped. While 
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the growth of InGaN nanostructures at an elevated substrates temperature leads to the formation of 
uniform nanowires on the surface. 
The studies of optical properties show that InGaN nanostructures of a complex shape exhibit PL spectra 
in a wide wavelength range of visible emission at room temperature. The photoluminescence spectra of 
the samples grown at an elevated substrates temperature are shifted to the short-wavelength area. The 
chemical composition of InGaN nanostructures estimated from the PL spectra correspond to the range 
inside of the miscibility gap. 

4. Conclusion 
In the work, InGaN nanostructures with a branched morphology like the nanoflowers and nanowires 
have been grown by MBE method on unprepared Si (111) substrates. The morphological and optical 
properties of the obtained samples have been studied. Our estimates of the In content in the InGaN 
nanostructures have shown that the chemical composition corresponding to the miscibility gap.  
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Abstract. Theoretical models of stress relaxation in icosahedral and decahedral core-shell 

nanoparticles through the formation of circular prismatic misfit dislocation loops at the core-

shell interface are proposed. It is shown that decahedral core-shell nanoparticles are more 

stable to dislocation formation than icosahedral ones. The theoretical results are compared with 

experimental observations available in the literature and are shown to be in a good agreement 

with the latter. 

 

Crystalline composite core-shell nanoparticles (CSNPs) arouse a great interest due to their excellent 

functional properties. In particular, pentagonal CSNPs find various applications in catalysis [1–5,7], 

fuel cells [3], magnetics [5], nanoelectronics [3], optics [3,5,7], plasmonics [5], photocatalysis [5,7], 

sensors [3], biomedicine [5–7], etc. The stability of functional properties of pentagonal CSNPs is 

largely determined by their structural features such as the presence of multiple twins and either 

coherent or semicoherent interface state. These features induce the lattice distortion and misfit strains 

which are responsible for high residual stresses that could relax through various mechanisms. The 

experimental observations clearly indicate that, at the initial stages of the relaxation process in 

pentagonal CSNPs, the dislocation mechanisms are activated [8,9]. 

In the present work, we theoretically analyse the strain relaxation in icosahedral and 

decahedral CSNPs (Ic-CSNPs and Dh-CSNPs, respectively) through the generation of circular 

prismatic misfit dislocation loops (PMDLs). The strained state caused of the pentagonal symmetry is 

modelled by the Marks-Yoffe disclinations of strength 0.0613 sr in the case of Ic-CSNPs [10] and by 

partial positive wedge disclinations of strength 7º20' in the case of Dh-CSNPs [11]. This approach is a 

combination of previously solved problems for generation of similar dislocation loops in single-

crystalline CSNPs [12] and in homogeneous Ic-NPs [13] and Dh-NPs [14]. In doing so, we analysed 

the change in the total energy of Ic-CSNPs and Dh-CSNPs caused by the generation of PMDLs at the 

core-shell interfaces in the approximation of equal and isotropic elastic moduli of the core and shell 
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materials. It is shown that there is such a critical value of the misfit parameter, which is determined by 

the nanoparticle sizes, that when it is overcome, the PMDL nucleation becomes energetically 

favorable. For a given value of the misfit parameter exceeding this critical value, there are two critical 

values of the normalized core radius, within which the formation of a PMDL is energetically 

favorable. Our theoretical results are in a good agreement with available experimental observations of 

perfect misfit dislocations in bimetallic Dh-CSNPs [8,9]. 

 

The reported study was funded by RFBR according to the research project № 18-33-00725.  
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Abstract. To study the mechanism of a 9R-Si hexagonal phase formation upon ion irradiation 

of the SiO2/Si system, three types of experimental samples have been investigated by 

photoluminescence (PL) spectroscopy and transmission electron microscopy (TEM): SiO2/Si 

irradiated by Kr+, Si irradiated by Kr+ and Si irradiated by (Kr+ + O+) ions. All the samples 

were annealed after irradiation. The first type sample shows the presence of the 9R-Si phase 

and PL band at ~ 1240 nm; the third type sample shows the same PL band and twinning 

defects; for the second type sample, the PL at 1240 nm is not detected. Based on the results, the 

role of mechanical stresses, radiation defects and oxygen in the formation of the hexagonal 

phase is discussed.  

1. Introduction 

The idea of using optical signal instead of electrical one was offered in order to increase the rate of 

signal transmission inside supercomputing devices. But silicon, being a traditional material of 

microelectronics, cannot be used as light emitter in its conventional cubic form due to the peculiarities 

of its band structure. Therefore, there is a demand in the silicon processing methods which would 

allow improving its optical properties. Previously [1], it was found by us that inclusions of hexagonal 

silicon of the 9R-Si phase were formed in silicon substrate at the interface with the film upon 

irradiation of the SiO2(160 nm)/Si system by Kr+ ions followed by annealing. The average projected 

range (RP) of Kr+ ions was less than the film thickness. For such samples, a photoluminescence (PL) 

band was detected at ~ 1235 nm, which was assigned to the emission of the 9R-Si phase. It was 

supposed that the formation of this phase occurred under the action of mechanical stresses arising in a 

dielectric film during implantation and/or annealing. To check this interpretation, in the present work, 

we have carried out additional experiments on the irradiation of silicon without a dielectric film with 

Kr+ and (Kr+ + O2
+) ions, followed by annealing.  

 

2. Experimental 

Three types of samples were investigated. The first type was the SiO2(140 nm)/Si system irradiated by 

Kr+ ions (80 keV, 5·1016 cm-2) with RP ~ 50 nm in SiO2. The second type was silicon (without SiO2 

film) irradiated by Kr+ ions with such values of energy (9 keV) and dose (2.5·1016 cm-2), at which the 

displacements profile was close in shape and height to that in silicon substrate for the first type sample 

according to the SRIM code [2]. The third type was the same as the second one but additionally 

irradiated by O2
+ ions (6 keV) at such a dose (1·1015 cm-2), at which the number of oxygen atoms 

implanted per unit area was approximately equal to the number of oxygen recoil atoms when the 

SiO2/Si system was irradiated by Kr+ ions (for the first type sample). After irradiation, all the samples 
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were annealed at 800 °С (30 min). The PL spectra were measured at liquid nitrogen temperature upon 

laser excitation at 405 nm with a power of 10 mW. The cross-sections of the samples were studied by 

high-resolution transmission electron microscopy (TEM) using the JEOL JEM-2100F microscope.  

 

3. Results and discussion 

A PL band at ~ 1240 nm (Figure 1(a)) is revealed for the first and third type samples, which was 

previously observed by us for the samples with ion-irradiation-induced 9R-Si phase [1, 3]. The PL 

intensity is higher for the first type sample compared to the third one. No PL bands are observed for 

the second type sample. The TEM investigation of the first type sample shows the presence of 

inclusions of the 9R-Si phase in silicon substrate at the interface with SiO2 film [3]. For the third type 

sample, only twin defects are observed in TEM images (Figure 1 (b)), which can be considered as the 

nucleation centers of the 9R-Si phase. 

    
a)       b) 

Figure 1(a, b). (a) PL spectra of the first and third type samples; (b) high-resolution TEM image of 

the third type sample. 

 

The results can be explained as follows. Kr atoms implanted into the SiO2/Si system introduce 

additional mechanical stresses, the relaxation of which upon annealing causes the phase 

transformation in the silicon substrate. In addition, part of the implanted ions penetrates to the 

substrate from the film creating defects and mechanical stresses in it, which can also form inclusions 

of a new phase upon annealing. These factors together can synergistically contribute to the formation 

of the 9R-Si phase. This is confirmed by the experiments with the third type sample. Since only the 

second factor takes place in this case, the process of hexagonal phase formation is not so strongly 

expressed, so the TEM method, which probe only small parts of samples, cannot reveal local 

inclusions of the 9R-Si phase. This assumption about the presence of only local regions of the 9R-Si 

phase is confirmed by PL data: the PL intensity for the third type sample is much lower. Since no PL 

is found for the second type sample, we can make a conclusion about the role of oxygen in the 9R-Si 

phase formation. Probably, oxygen stabilizes defects during annealing, which induce stresses 

contributing to a new phase formation. 

4. Acknowledgements  

The work was supported by Russian Foundation for Basic Research (Grant No. 18-32-20168). 

References 

[1] Nikolskaya A A, Korolev D S, Mikhaylov A N, Belov A I, Sushkov A A, Krivulin N O, 

Muhamatchin K R, Elizarova A A, Marychev M O, Konakov A A, Tetelbaum D I and Pavlov D A 

2018 Appl. Phys. Lett.  113 182103 

[2] Ziegler J F, Ziegler M D and Biersack J P 2010 Nucl. Instrum. Methods Phys. Res. B 268 1818 

[3] Nikolskaya A A, Korolev D S, Mikhaylov A N, Konakov A A, Belov A I, Marychev M O, 

Murtazin R I, Pavlov D A, Tetelbaum D I 2020 Surf. Coat. Technol. 386 125496. 

97



 

 

 

 

 

 

Diffusion-induced growth of ordered vertical nanowire arrays 

K R Bikmeeva, A D Bolshakov 
 

Alferov University (former St.Petersburg Academic University), 194021,  

St. Petersburg, Russia 

 
Abstract. Novel scalable techniques for the sub-micron substrate patterning provide intriguing 

possibilities for the development of devices based on ordered arrays of semiconductor 

nanowires. This work is devoted to theoretical investigation of semiconductor nanowires 

growth kinetics depending on the mask geometry (i.e. pitch and diameter of the mask 

openings). Diffusion of the growth species on substrate and sidewall with the respect to 

spacing arrangement and deposition rate has been studied. Dependencies of the nanowire 

growth rate on several parameters including pitch and its temporal dependence are 

investigated. 

1. Introduction 

 Semiconductor nanowires (NWs) are very promising structures for the development of nanophotonic, 

opto- and nanoelectronic devices, such as light-emitting diodes, semiconductor lasers, solar cells, etc 

[1]. For the development of highly efficient devices based on NWs, it is important to obtain ordered 

NWs array with controlled diameter and spatial Solution of this problem requires theoretical studies of 

the growth processes. One of the promising methods to obtain nanostructures with controlled 

morphology is fabrication of the patterned growth mask [2] with the use of microsphere 

photolithography. 

The aim of present work is the development and study of the kinetic model of the vertical NWs growth 

via vapor-liquid-solid mechanism on patterned substrate. By changing various model parameters, 

mask geometry and molecular flux rate we studied kinetics of the ordered NWs growth. 

 

2. Model  

The NWs growth generally involves several stages. On the first step the substrate is activated by liquid 

droplets of catalyst and is heated to a temperature above the eutectic melting temperature of the 

semiconductor and catalyst solution. The semiconductor material is then deposited at a fixed 

temperature. Adatoms diffuse through the droplet, creating a supersaturated solution and crystallize. 

As a result, NW monocrystal is formed perpendicularly to the substrate surface. Collection of the 

growth species into the droplet can be attained in the following ways: (a) direct impingement from the 

vapor phase; (b) diffusion of adatoms deposited on the NW lateral surface (sidewalls); (c) diffusion of 

adatoms from the substrate surface through side walls [3].  

The model is based on the following approximations: NWs are cylinders with constant diameter, 

distribution of adatoms on the substrate has cylindrical symmetry, the NW footprint and the droplet 

are ideal absorbers. To address the problem of the adatom concentration distribution on the substrate 

and sidewalls two diffusion equations are solved, taking into account surface adsorption with flux 

intensity, depending on the lifetime and diffusion flux from substrate and sidewalls.  
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The boundary conditions for the substrate diffusion processes are 1) zero concentration along the 

perimeter of the NW footprint and 2) maximum adatoms concentration in-between two NWs. The 

dependence of the diffusion flux from the substrate to NW on the distance between NWs is shown in 

Figure 1 (a), where D – diffusion coefficient, Ω – volume per atomic pair in the solid phase, V – 

deposition rate. The flux increases by changing substrate diffusion length from 25 nm to 100 nm.   

Figure 1 (b) represents NWs height-dependent growth rate. In calculations we assumed: 1) droplet acts 

as the perfect species collector; 2) continuity of the diffusion flux along the footprint perimeter. 

Results demonstrate that the highest growth rate corresponds to the larger value of sidewall diffusion 

length.    

 

Figure 2 (a, b). (a) Dependence of the substrate diffusion flux on the distance between the NWs with 

the following parameters: R = 100 nm, Ds = 250 nm
2
/s, Ω = 0.056 nm

3
, V = 1 MS/s; (b) Dependence 

of the growth rate on NW length H with the following parameters: R = 100 nm, Dsw = 250 nm
2
/s, Ω = 

0.056 nm
3
, V = 1 MS/s, ns

′ (r=R) = 3.7 nm
-3

, λs  = 100 nm, L = 1000 nm. 
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Abstract. The influence of the morphology of oxidized copper nanoparticles on the deposition 

efficiency, packing density, and resistivity of microstructures obtained by dry aerosol printing 

was studied. It has been established that the thermal treatment of aerosol nanoparticles allows to 

vary their morphology from branched submicron agglomerates to compact spherical 

nanoparticles with a size of 20-50 nm. It is shown that the use of spherical nanoparticles in 

comparison with agglomerates allows one to obtain densely packed nanoparticles on substrate. 

Moreover, obtaining of semiconductor microstructures from oxidized copper nanoparticles on a 

plastic substrate with a resistivity of 0.01 Ohm • m was demonstrated. 

 

Today, printing technologies for the production of electronic devices (RFID tags, flexible displays, 

solar cells and others) on flexible plastic substrates are actively developing [1]. It is expected that these 

devices will have low cost, low weight and flexibility. The formation of electronic devices on plastic 

substrates is a difficult task, since plastic substrates have a high sensitivity to thermal treatment. In this 

regard, the formation of functional elements on plastic substrates is carried out using nanoparticles 

having a lower sintering temperature than bulk material. At the same time, the use of nanoparticles leads 

to additional difficulties associated with their low deposition efficiency on the substrate and high 

oxidative ability, which changes the electrical properties of the microstructure. For this reason, the 

establishment of the formation of microstructures from nanoparticles on plastic substrates requires 

multifactorial research. So in this paper, we study the influence of the size and shape of oxidized copper 

nanoparticles on the electrical properties of microstructures obtained using the dry aerosol printing 

method on substrates of polyimide and silicon. 

The experimental setup for the formation of microstructures from nanoparticles in the form of lines 

includes the following key elements: a gas-discharge nanoparticles generator [2], a thermal optimizer 

for controlling the size and shape of nanoparticles, a coaxial micro-nozzle for focused deposition of 

nanoparticles on a substrate and a coordinate table with the possibility of moving the substrate from a 

given speed relative to the micro nozzle, see Figure 1a. The formation of microstructures from 

nanoparticles is carried out in dry form without the use of solvents or surfactants. The generation and 

deposition of nanoparticles obtained by electrical erosion of copper electrodes is carried out in an 

atmosphere of a gas mixture Ar+H2(5%).  

The size, shape and elemental composition of the nanoparticles is studied using a transmission 

electron microscope and aerosol spectrometer. The geometry of the microstructures of the nanoparticles 

is measured using a scanning electron microscope and an optical profilometer. Microstructures of 

nanoparticles are formed in the form of lines having a width and thickness of 200-300 μm and 0.1-8 μm, 

respectively. By varying the operating modes of the thermal optimizer, the size and shape of the 

nanoparticles are controlled. At the same time, the efficiency of the deposition of nanoparticles on the 
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substrate, their packing density is qualitatively investigated, and the resistivity of microstructures on 

substrates of polyimide and silicon is measured. 

 

Figure 1(a, b). (a) Experimental setup for the formation of microstructures from nanoparticles on 

substrates of polyimide and silicon; (b) Median particle size of the agglomerates vs the sintering 

temperature. Insets: TEM micrographs of typical particles at 25 °C and 1000 °С. 

 

Figure 1b shows that with an increase in the sintering temperature of nanoparticles from 25°C to   

1000 °C, the median size of nanoparticles decreases from 108 to 65 nm, respectively. Moreover, from 

the analysis of TEM images of unsintered (25 °С) and sintered (1000 °С) nanoparticles shown in the 

inset in Figure 1b, it is shown that branched fractal agglomerates > 200 nm in size are transformed into 

compact spherical particles of the order of 20-50 nm. 

From analysis of the efficiency of deposition of nanoparticles on polyimide and silicon substrates, it 

was found that both agglomerates and spherical nanoparticles are more efficiently deposited on a 

polyimide substrate. In this case, spherical nanoparticles have a lower deposition efficiency on a silicon 

substrate in comparison with agglomerates. This result is probably associated with a higher coefficient 

of rebound of spherical nanoparticles from a solid silicon substrate. 

The packing density of microstructures of nanoparticles deposited on a silicon substrate depending 

on the morphology of the nanoparticles was studied using scanning electron microscopy. It was found 

that microstructures formed from deposited spherical nanoparticles have lower porosity than 

microstructures consisting of agglomerates. For this reason, it is likely that the resistivity of 

microstructures formed from spherical nanoparticles is less than microstructures consisting of 

agglomerates. Thus, the resistivity of microstructures formed from agglomerates and spherical 

nanoparticles were 0.04 and 0.01 Ohm•m, respectively. 

It was found that the deposition efficiency and the packing density of nanoparticles on the substrate 

significantly depends on the size and shape of the nanoparticles and the type of substrate. From analysis 

of the efficiencies of the deposition of nanoparticles on polyimide and silicon substrates, it was found 

that both agglomerates and spherical nanoparticles are more efficiently deposited on a polyimide 

substrate. At the same time, microstructures formed from compact spherical nanoparticles have higher 

values of the packing density of nanoparticles and, as a result, the minimum resistivity. 
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Abstract. In this work we studied influence of thermal treatment on Ge nanowires (GeNW). The 
obtained results showed that thermal treatment can be used for control the composition of 
GeNW, what is important for technologies, where the presence of In may negatively affect the 
operation of the device. 

1.Introduction 
Nowadays much attention is paid to the formation of GeNW, which find application in lithium-ion 
batteries, field-effect transistors and optoelectronic devices. Work [1] describes synthesis of it using 
various methods. However, the most convenient is electrochemical deposition from an aqueous Ge 
solution with a mechanism electrochemical liquid−liquid-solid (ec-LLS), which group led by 
Maldonado [2] has presented. The advantages of this method are low-temperature procedure, low-cost 
and non-toxic sources of Ge. The growth of structures is carried out by the following mechanism: Ge 
(IV) ions are reduced on the surface of low-melting metal nanoparticles (in this case, In) to Ge0, followed 
by dissolution in In; the solubility of Ge in In is 10-2 at.% , so the volume of particles is rapidly saturated 
and Ge crystallizes at the metal-substrate interface. But it has as specificity of dissolving In in Ge during 
the growth of the nanowires (about 5-6 at. %), what could be critical for some applications. Accordingly, 
it is important to control the In concentration into GeNW. Our previous results showed [3] that 
nanowires obtained by the ec-LLS method are sensitive to thermal effects. So, in this work we 
investigated influence of thermal treatment on the morphology and composition of GeNW. 

2. Methods  
Electrochemical deposition of GeNW was performed in chronopotentiometry mode at current densities 
of 0.2 mA/cm2 and 2 mA/cm2 at 20°C.The thermal treatment of samples was done in a vacuum at 300°C 
and 600°C.The structures as-prepared and after treatment were examined using Scanning Electron 
Microscope (SEM).The study of elemental analysis of samples before and after thermal treatment (table 
1) was made by using high-angle annular dark-field scanning transmission electron microscopy 
(HAADF-STEM) with energy-dispersive microanalysis. 

3. Results 
The results of elemental analysis showed certain effect of thermal treatment on GeNW. The morphology 
of GeNW does not change after treatment (figure 1), but concentration of In has decreased (table 1). 
After heating in a vacuum at 600°C, the concentration of In in GeNW was less than 1 at.%. It can be 
explained by evaporation of In, because it has low melting point (156°C). In case of 300°C such result 
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was not achieved. This confirms the possibility to control the composition of GeNW by following 
thermal treatment, what is important for technologies, where the presence of In may negatively affect 
the operation of the device 
 
a) b) 

 

c) 

Figure 1. SEM-image of GeNW after different thermal treatment procedure: a) as-prepared; 
b) after 300°С, 30 minutes; c) after 600°С, 30 minutes. 

 
Table 1. Elemental composition of GeNW 
thermal treatment Ge, at. % In, at. % O, at. % 
as-prepared 97 3 0 
300°С, 30 minutes 95 4 1 
600°С, 30 minutes 96 0 4 
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Abstract. The optical absorption spectra and structural properties of ZnO:Al films 

with an intermediate layer of silver nanoparticles with a different number of inserted 

layers of silver nitrate solution are studied. The study of optical properties showed that 

with an increase in the number of layers, the intensity of the plasmon absorption peak 

of nanoparticles increases. Consequently, with an increase in the number of layers, 

their concentration increases, this was confirmed by studies of the obtained samples 

structural properties by transmission electron microscopy. 

Silver nanoparticles introduced into the zinc oxide matrix, due to their plasmonic properties, 

significantly change its optical characteristics. Such composite materials are very promising for 

applications in thin-film devices [1-2]. And the use of simplicity and cheap technology for their 

manufacture, for example, sol gel technology, would ensure their industrial applicability [3]. 

The correlation of the optical and structural properties of composite coatings consisting of 

ZnO:Al oxide films (AZO) with an intermediate layer of silver nanoparticles obtained by the sol-gel 

technology were investigated. Previously, the authors found that when layers of a silver nitrate 

solution are inserted between the layers of a zinc oxide matrix, an ordered structure of silver 

nanoparticles is formed in the film [4-5]. An important fact for controlling the obtained composite 

structure was that the time and temperature of annealing of the film affect the sizes of nanoparticles. 

Optical measurements showed that the position of the peak of plasmon nanoparticles in AZO also 

depends on them. 

The present work of the authors is devoted to elucidating the influence of technological factors 

for producing silver nanoparticles in a zinc oxide matrix by the described method on the concentration 

of nanoparticles. It was found that the increase of inserted layers number of silver nitrate solution 

leads to the intensity of nanoparticles plasmon absorption peak also increases (Figure 1). To find out 

the reasons for this optical behavior property, a series of samples consisting of AZO oxide films with 

an intermediate layer of silver nanoparticles with a different number of layers will be studied by 

transmission electron microscopy (TEM). 
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 (a)  (b) 

Figure 1. Optical density spectra of polycrystalline ZnO:Al (0.5%) films with 3, 6 and 9 layers 

of silver nanoparticles, before (a) and after (b) annealing at 570 ºС. 

The TEM studies were performed using equipment owned by the Joint Research Center “Material 

science and characterization in advanced technology” (Ioffe Institute). 
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Abstract. Passivation of the n-InP(100) surface with an aqueous solution of sodium sulphide 

has been investigated by spectroscopic photoluminescence (PL). After sulphide treatment the 

PL signal of InP increased and this increase is dependent on time of sulphide treatment and 

conditions of PL measurements. In addition, the enhancement of the PL intensity after sulphide 

treatment correlates with the variation of the solution pH in contact with InP(100) surface, 

which makes possible the optimization of the passivation process by monitoring of the solution 

pH value in the course of sulphide treatment of the semiconductor.  

1. Introduction 

Indium phosphide (InP) is a III–V direct gap semiconductor used in high frequency electronics and 

optoelectronics. However, its applications, especially the ones based on InP nanostructures, are 

suffering from the surface instability inducing detrimental effects on the surface electronic and optical 

properties. Sulphur-based surface passivation intended to mitigate these effects has been investigated 

since late 1980s and is proved to improve device properties, such as Schottky barrier temperature 

stability [1] and field-effect transistor parameters [2]. Nevertheless, early works show no impact of 

sulphur passivation on the InP photoluminescence (PL) intensity [3]. More recent results [4] 

demonstrate that InP PL signal might be enhanced essentially by sulphide treatment, though the 

dependence of PL on the time of sulphide treatment is non-monotonic, and thus the optimization of the 

sulphide passivation process should be performed. On the other hand, it was shown that in the process 

of GaSb surface passivation with an aqueous sodium sulphide (Na2S) solution the PL results correlate 

with the variation of the solution pH during the process [5]. Here we adopt this approach and study the 

effect of the surface passivation with aqueous Na2S solution on the PL of InP(100). 

2. Experimental procedure 

The samples under investigation have been prepared from the n-doped InP (100) wafer with the 

doping density of about 10
18

 cm
–3

. The sulphide treatment was performed with 1M aqueous solution of 

Na2S at the temperature of about 40 
o
C for various periods of time from 1 to 15 min. The smallest time 

of treatment of 1 minute was chosen because after approximately 1 minute of InP contact with the 

solution, the sharp increase in the solution pH was observed. After one minute of contact the pH value 

slightly decreased and then remained almost constant up to 3 minutes of contact, while afterwards it 

monotonically went up. So it was of high interest to examine the surface state and PL intensity of InP 

treated for different periods of time corresponding to the features in the pH(t) dependence.  

The samples were fixed in the cryostat and studied either at room temperature (300 K) or at liquid 

nitrogen temperature (77 K). The photoluminescence was excited with a diode laser with the 

wavelength of 377 nm in continuous mode or 405 nm in pulsed mode. The laser beam was focused on 

the sample surface into the spot with the diameter of about 50  m by the lens with the focal length of 
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79 mm. The photoluminescence signal was collected with the apochromatic triplet and focused on the 

spectrometer entrance slit. PL spectra were obtained with a Princeton Instruments SP-2500 

spectrometer (       , grating – 300 lines/mm) and detected with a CCD-camera.  

3. Results and discussion 

The shapes of PL spectra measured both at 300K and 77K were unaffected by the sulphide treatment, 

while the integral PL intensity was significantly enhanced after passivation. The obtained dependence 

of the integral PL intensity on the time of sulphide treatment is presented in fig. 1. The curve (a) 

shows that even after sulphide treatment for 1 min the PL intensity was more than 6 times higher than 

that of the reference sample, while longer treatment caused slightly lower enhancement. Another set of 

samples was studied at 300K and at 77K, and the results obtained are shown by curves (b) and (c), 

respectively. One can observe, that even though the achieved enhancement is less for this set probably 

due to lower excitation power density, the effect of surface passivation on InP PL intensity is more 

significant at room temperature than at 77K. We associate this to the fact that at low temperature the 

surface recombination is suppressed and thus the surface exerts less influence upon the PL intensity.  

 

Figure 1. PL intensity enhancement as a function of time of sulphide treatment for the first set 

of samples measured at 300 K (a) in continuous mode with the excitation density of       
     and the second set of samples measured at 300 K (b) and 77 K (c) in pulsed mode with the 

excitation density of          . 
 

4. Conclusion 

Passivation of n-InP(100) surface with an aqueous Na2S solution can improve essentially the PL 

properties of the semiconductor without any significant changes in spectral shape. Our approaches to 

the determination of the specific mechanism of passivation have not yield unambiguous results yet, so 

this issue needs further investigation. In addition, it was proved, that the optimization of the InP 

sulphide passivation process can be based on the control of the solution pH value. 
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Abstract. The coefficients of mutual diffusion of silicon into germanium (and vice-versa) at 

sintering temperatures of 900-1300K were found based on molecular dynamics simulation. For 

the characteristic temperature Tc=1100 K, implemented in experiments on spark plasma 

sintering technique, we determined the thickness of the diffusing layer for each type of atom. It 

is shown that the depth of diffusing significantly depends on the sintering time, and silicon 

atoms penetrate 1.5 times deeper into bulk germanium than germanium into silicon.  

1. Introduction 

Various materials with pronounced thermoelectric properties are being actively studied. At the same 

time, one of the promising materials is Si/Ge solid solutions, which have high mechanical strength, 

low volatility, radiation and high temperature stability, which allows us to consider them as 

nanostructured thermoelectric material of the future [1]. Such compounds are usually obtained by 

spark plasma sintering technique due to the action of compression and heating forces on the Si/Ge 

powder. In this case, it is important to identify and study the diffusion processes that occur during 

sintering. 

This work is aimed at studying the processes of interdiffusion of Ge and Si, occurring at different 

temperatures of heating and isothermal holding, simulating the processes of spark plasma sintering 

technique. In this paper, the simulation of diffusion processes in the Si/Ge system was performed using 

the method of molecular dynamics (MD). The advantage of the MD method is that it has a high spatial 

and temporal resolution, and allows us to study both thermodynamic properties and time-dependent 

phenomena. 

2. Simulation model and numerical results  

In this paper, the MD simulation of the Si/Ge system was performed using the LAMMPS package. 

The Tersoff potential was used to describe the interaction between Si and Ge atoms [2]. It was 

assumed that the initial thermal velocities of atoms are subject to the Gaussian distribution at room 

temperature, and it is also taken into account that the contacting surfaces are subjected to compression 

in the direction perpendicular to the weld of the contacting materials. For MD calculations, the system 

relaxes during 100 ps with a microscopic (nve) ensemble from the loading temperature T = 300K to 

the set sintering temperature Tc. Then the system evolves 1000 ps at a given pressure p =70 MPa and 

temperature Tc (net). In this work, we numerically studied the mean square displacements (MSD) of Si 

and Ge atoms from their equilibrium positions at Tc = 900 K – 1300 K to study the diffusion processes 
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where ( )ir t  represents the position i of the Si/Ge atom at time t, and 
0( )ir t  indicates the initial position 

of the corresponding atom; ,Si GeN  are the number of atoms. 
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Figure 1 (a, b). The mean-square displacement plots (MSD) of Si/Ge interlayer: (a) Si, (b) Ge at 

different sintering temperatures Tc = 900 K (red curves), 1000 K (black curves), 1100 K (blue curves), 

1200 К (green curves), 1300 К (gray curves). 

 

Figure 1 shows that the slopes of the MSD curves become steeper with increasing temperature for both 

Si and Ge. It is known that the MSD profile is linear to the delay time in the long-time limit, and thus 

the diffusion coefficients of Si and Ge atoms at the interface can be derived from the slopes of MSD 

profiles after a longer delay time by the Einstein equation: 

, ,

1
lim MSD

2
Si Ge Si Ge

t

d
D

d dt
 ,                                                   (2) 

where d = 3 is the dimension of space. Based on the numerical calculation data presented in Fig. 1, we 

found the diffusion coefficients ,Si GeD  for various temperatures by the least squares method and 

calculated the thickness of the diffusion layer [3]: , ,~ 3 2Si Ge Si GeL D t . Moreover, for a characteristic 

sintering temperature Tc = 1100 K and a holding time of 15 min, the width of the diffusion layer is LSi 

~ 6 μm and LGe ~ 4 μm. 

The simulation results were extrapolated to a minute scale for a qualitative comparison with the 

sintering experiment, and it was shown that the diffusion depth significantly depends on the sintering 

time, while silicon atoms penetrate 1.5 times deeper into bulk germanium than germanium into silicon, 

which consistent with experiments. 
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Abstract. In this work the relationship of the rheological 

characteristics of liquid toner with external factors (shear 

strain rate, temperature) depending on the solvent used is in-

vestigated, experiments with a number of solvents (sulfolane, 

3-methoxypropionitrile or acetonitrile) are carried out. 

 

1. Introduction 

Inkjet printing offers oil-free toner application with micrometer accuracy and material saving [1]. 

Liquid toner is a substance consisting of a complex mixture of particles, which are separated due to 

mutual immiscibility and the repulsive force of the material in a stationary state, so that the system 

remains unmixed [2]. After the application of deformation and shear, the toner may first exhibit in-

duced elasticity, since the mixing resistance reaches a maximum, which causes dilatation. Dilatancy 

caused by high shear rates leads to rapid evaporation during ejection, and hence to undesirable 

clogging of nozzles [3]. 

 

2. Research and results 

Dynamic measurements of toner viscosity (Figure 1 (a)) indicate thinning behavior at low and me-

dium shear strain rates and thickening behavior at higher shear strain rates. Complex viscosity (Fig-

ure 1 (b)) is the structural deformation characteristic of toner. 

 
Figure 1. a) Rheological properties of toner: a) dynamic shear viscosity (ɳ), b) complex (ɳ *) viscosity 

 

The atomic-force microscope (AFM) images of the bare and room temperature inkjet printed sub-

strates (Figure 2) were used to further investigate the printouts. As revealed form Figure 2 (d) 

printout morphology of SFN inks has the best uniformity and homogeneity. 
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The behavior curves of dynamic viscosity at different temperatures, 23 ° С, 40 ° С and 60 ° С (Fig-

ure 3) show that an increase in temperature leads to a decrease in the signs of dilatants at high shear 

strain rates. 

 

 

 

 

 
Figure 2. AFM images of printouts produced at room 

temperature for all three inks:  

a) unprinted surface used as a reference, b-d) room 

temperature inkjet printed substrates (ACN, MPN and 

SFN respectively) 

 

Figure 3. Dynamic viscosity (h) and shear strain rate (γ) at 

various temperatures 

 

Figure 4 shows the contact angle of droplets on a printed substrate (paper) and the surface tension 

of suspended drops, respectively. 

 

Figure 4. The behavior of toners: a) the contact angle of the toners as a function of time, b) the surface tension 

of the toners with a change in temperature. 

3. Conclusion  

Research has shown that the use of sulfolane as a solvent for liquid toner for drop-on-demand inkjet 

printing allows you to get the best print quality due to optimal rheological characteristics depending 

on shear strain rate and temperature. 
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Abstract. The influence of the temperature and Ti and TiN sublayer material on the height, 

diameter, density, and uniformity of carbon nanotubes (CNTs) growth is studied. It was found 

that on the TiN sublayer, CNTs form an array with a more uniform diameter distribution of 

CNTs than on the Ti sublayer (minimum dispersion 5.6 nm versus 8.1 nm). It is shown that for 

the Ti sublayer, with an increase in the growth temperature, an almost linear increase in the 

CNT height occurs. It was found that an increase in the CNT height is accompanied by a 

decrease in their diameter for both sublayers. 

1. Introduction 

The unique properties of carbon nanotubes (CNTs) have long attracted the interest of scientists for 

their device application [1]. However, at present CNTs have not found mass application in modern 

micro- and nanoelectronics devices. This problem is mainly associated with a high dispersion of the 

geometric dimensions of CNTs, which do not allow ensuring the stability of the developed devices. 

For device applications, CNTs must be grown on an electrically conductive contact sublayer. In this 

case, the parameters of the technological process, as well as the material of the sublayer [2], have a 

significant effect on the geometric dimensions of CNTs and their uniformity. The aim of this work 

was to research the influence of the growth temperature and the material of the Ti and TiN sublayer on 

the height, diameter, density and uniformity of CNTs in the array. 

 
2. Experiments and methods 

Experimental studies were carried out on the Ni/Ti/Si and Ni/TiN/Si structures. The formation of 

catalyst films (Ni, 10 nm) and a sublayer (Ti and TiN, 100 nm) was provide by magnetron sputtering 

on Auto500 (BOC Edwards, UK). In these structures, the sublayer acts as a conductive material, and 

the Ni film acts as a catalytic material for the CNTs growth. 

The formation of CNTs was carried out in the temperature range of 615–690 °С with a step of 15 

°С. Heating to a set temperature was conducted in Ar (40 sccm) and NH3 (15 sccm) flows for 20 

minutes. CNTs were grown by the PECVD method for 15 min in the ammonia (210 sccm) and 

acetylene (70 sccm) flows with plasma initiation (40 W). Throughout the process, a pressure of 4.5 

Torr was maintained. The study of the geometric dimensions, density, and uniformity of the grown 

CNTs was carried out by SEM on a Nova Nanolab 600 (FEI, Netherlands). 

 

3. Results and discussion 

The analysis of SEM images showed that the formation of CNTs occurred according to the «tip-

growth» mechanism, and the nature of the change in the geometric parameters of CNTs (Fig. 1) did 

not vary with temperature for different materials of the Ti and TiN sublayer. 
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For the Ti sublayer, with an increase in the growth temperature, an almost linear increase in the 

CNT height occurs (Fig. 1, a). This may be due to the fact that during the growth of CNTs by the «tip-

growth» mechanism, the catalyst become estranged from the substrate. With an increase in the length 

of the CNTs, the estrangement of the catalytic particle leads to its gradual cooling and loss of catalytic 

ability. An increase in temperature can lead to the maintenance of catalytic activity at large distances 

with an increase in the total length of CNTs. The minimum height dispersion for the Ti sublayer was 

provided at 630 °C and was 10.05 ± 0.63 μm. 

The height of CNTs grown on the TiN sublayer was significantly higher than on the Ti sublayer. 

In this case, a section with an almost linear decrease in height in the temperature range 630–675 °C 

was accompanied by an almost linear increase in the diameter of the CNTs. Also interesting is the fact 

that an increase in the height of CNTs is accompanied by a decrease in their diameter (Fig. 2, b). This 

may be due to the loss of the volume of the catalytic particle inside the CNT cavity during growth. 

 

  
Figure 1(a,b). Dependence of the height (a) and diameter (b) of the CNTs on the growth temperature. 

 

Also, it was found significantly more uniform distribution of the diameter of CNT grown on the 

TiN sublayer as compared to a sublayer Ti (minimal dispersion 5.6 nm compared to 8.1 nm). 

The obtained dependences of the distribution density of CNTs in the array showed that their 

character is similar for both sublayers. With an increase in the synthesis temperature from 630 °C, a 

decrease in the density of CNTs is observed. The uniformity of the distribution of CNTs in the array is 

estimated. It was found that for both sublayers in the temperature range 645 - 660 °C, the minimum 

coalescence and formation of CNT bundles with a uniform distribution of 79 and 85% for Ti and TiN, 

respectively. 

The obtained results can be used for creating elements and devices of micro- and nanoelectronics, 

nanopiezotronics, sensitive elements of gas sensors, as well as materials with increased adhesive 

ability. 
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Abstract. The paper presents the results of studies on the creation of supercapacitors based on 

carbon nanotubes (CNTs) coated with a layer of polyaniline (PANI). Based on the 

voltammetry data, the capacitance of the studied system was determined, which amounted to 

67.3 mF. 

1. Introduction 

With the development of modern science and technology, more and more there is a need for 

autonomous energy sources with high capacity and durability. Since the effectiveness of alternative 

energy sources, such as solar panels, thermoelectric cells, etc., remains low, technologies continue to 

develop to improve traditional batteries, in particular lithium-ion batteries (LIB) and supercapacitors 

[1,2]. The advantage of the latter over LIA is the greater value of capacitance and power, as well as the 

ability to pass discharge charge cycles almost unlimitedly without loss of efficiency. 

 

2. Experimental 
In this paper, we studied two types of electrodes for a titanium foil-based supercapacitor with a layer 

of carbon nanotubes coated with a thin layer of polyaniline (emeraldine form) and 1) deposited from a 

solution by dropping and 2) organic compounds grown by pyrolysis. A solution of polyvinyl alcohol 

and phosphoric acid was used as a layer between the electrodes. The parameters of the system under 

study were evaluated by cyclic voltammetry on a P-40X pulsed potentiostat-galvanostat in the range 

from –0.3 V to 0.3 V at a potential sweep speed of 20 mV/s. 

3. Results and discussion 
A typical type of voltammograms for the studied structures is shown in Fig. 1. Capacitive properties 

showed a sample based on electrodes with an array of CNTs grown on titanium foil. The processing 

results showed a significant increase in the capacitance of the capacitor from 6.15.10–5 to 6.73.10–2 

F. Obviously, this fact is associated not only with an increase in the specific surface area of the 

electrode due to the ordered arrangement of CNTs on the substrate normal to the surface, but also with 

the presence of an ohmic contact between the titanium substrate and CNTs. The application of CNTs 

coated with a PANI layer from solution leads to difficulties in charge distribution due to the contact 

barrier of a thin PANI layer and a titanium substrate. It is typical that holding the system for a month 

leads to a slight decrease in capacitance (2.02.10–2 F), which is probably due to processes of changing 

the structure of the polyvinyl interlayer during exposure to air. 
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Figure 1. Cyclic voltammograms of supercapacitors based on CNTs and PANI: 1 - applied from a 

solution; 2 - pyrolysis-grown organic compounds. 

4. Conclusions 
Thus, the features of creating supercapacitors based on an array of CNTs in a medium of a conductive 

polymer material (PANI) were considered. The properties of a supercapacitor appear only in a sample 

with an array of CNTs grown on the surface of a metal electrode, where, along with a good current 

collector, a developed electrode structure and charge states of the barrier layer with PANI are 

manifested. This result opens the prospect of using such CNT-based capacitors with polymer 

interlayers, which surpass traditional ones in a number of characteristics. 
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Abstract. The influence of control parameters on the resistive switching effect in forming-free 

nanocrystalline zinc oxide films was studied. It was shown, resistive switching from HRS to 

LRS was observed at +3.3±0.4 V, and from LRS to HRS at -2.8±0.6 V. Endurance test for 

experiment with signal №1 showed, that RHRS was equaled 52.7±5.2 kΩ, RLRS was equaled 

3.3±2.2. HRS/LRS was about 17. Endurance test for experiment with signal №2 showed, that 

RHRS was equaled 38.3±20.2 kΩ, RLRS was equaled 4.5±3.1 kΩ. HRS/LRS was about 9. The 

results can be useful for based on forming-free nanocrystalline zinc oxide films neuromorphic 

systems manufacturing. 

1. Introduction 

Recently, tasks related to unstructured data classification and inaccurate initial conditions become more 

and more relevant. Traditional computers were ineffective in solving such problems, and solving this 
problem is to transfer computing systems to an architecture close to the human brain (neuromorphic 
systems). One of the methods for the technical implementation of the biological brain is neuromorphic 
systems based on ReRAM structures, the principle of operation of which is based on a change in the 
electric resistance in a certain range under external electric field (resistive switching effect) between the 
states of high resistance (HRS) and low resistance (LRS) [1]. Many metal oxide films exhibit a resistive 
switching effect, among which forming-free nanocrystalline zinc oxide is especially prominent, due to 

its high speed and compatibility with silicon technology [2]. But neuromorphic systems creating based 
on nanocrystalline films of zinc oxide faced with a lack of systematic modes of studying the influence 
of control parameters on the effect of resistive switching in them. 

2. Experiment details 

Forming-free nanocrystalline zinc oxide films were grown using pulsed laser deposition technique 
(Pioneer 180, Neocera, USA). Si/TiN structure as a wafer was used. Deposition was carried out under 
wafer temperature: 500°C, target–wafer distance: 40 mm, O2 pressure: 1 mTorr, pulse energy: 400 mJ. 
Electric measurements were carried out using semiconductor characterization system Keithley 4200-
SCS (Keithley, USA) with W probes. During experiments, the TiN film was used as the bottom contact. 
Current-voltage curves were obtained at with different forms of control signal (signal №1 at inset of 
figure 1b and signal №2 at inset of figure 1c) at –4 to +4 amplitude voltage. Using the results obtained, 
resistance of forming-free nanocrystalline zinc oxide films dependences on number of cycle number 
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(endurance test) for different forms of control signal were built. Curves analyzing was implemented 
using Origin 8.1 software. 

3. Results 

Figure 1 a shows average current-voltage characteristic (CVC) of forming-free nanocrystalline zinc 
oxide films, performed from the fifteen current-voltage curves in the same point. It was shown, resistive 
switching from HRS to LRS was observed at +3.3±0.4 V, and from LRS to HRS at -2.8±0.6 V. 
Endurance test for experiment with signal №1 showed, that RHRS was equaled 52.7±5.2 kΩ, RLRS was 
equaled 3.3±2.2 kΩ (figure 1 b). RHRS/RLRS ratio was about 17. Endurance test for experiment with signal 
№2 showed, that RHRS was equaled 38.3±20.2 kΩ, RLRS was equaled 4.5±3.1 kΩ (figure 1 с). RHRS/RLRS 
ratio was about 9. 

  

 
Figure 1(a, b, c). Investigation of the influence of control parameters on the resistive 

switching effect in forming-free nanocrystalline zinc oxide films: (a) current-voltage characteristic; 
(b) endurance test for signal №1; (с) endurance test for signal №2 

The results can be useful for based on forming-free nanocrystalline zinc oxide films neuromorphic 
systems manufacturing. 
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Abstract. Transparent ZnO ceramics doped with erbium ions were fabricated by uniaxial hot 

pressing of commercial oxide powders. They were characterized by X-ray diffraction, SEM, 

EDX, Raman, X-ray and optical spectroscopy. The ZnO grain size decreases with addition of 

Er2O3. Er3+ ions are distributed between the ZnO grains and the Er2O3 crystals. As the erbium 

concentration is increased, the defect luminescence band becomes less intense, and the X-ray 

luminescence decay time decreases.  

1. Introduction 

ZnO is widely studied and applied in industry due to its unique properties of wide band gap of 3.37 eV, 

large exciton binding energy of 60 meV, excellent mechanical–electrical coupling characteristics, high 

radiation tolerance and low cost. ZnO performance can be adjusted by means of doping with rare-earth 

ions. Er3+ addition can induce the variation of the luminescence properties of ZnO while the 1.54 μm 

photoemission caused by Er3+ intra-4f shell transition can be enhanced due to the ZnO → Er3+ energy 

transfer. In this work, undoped and Er-doped ZnO optical ceramics were prepared. The effect of Er 

doping content on the microstructure and spectral-luminescent properties of ZnO were studied. 

2. Fabrication of ceramics 

Optical ceramics Er:ZnO with Er content of 0.1-2.0 wt% were fabricated from commercial reagent grade 

ZnO and Er2O3 by hot pressing in vacuum at 1150 and 1180 oC. The resulting polished samples 

(diameter: 25 mm, thickness: ~0.5 mm) had a slight rose-grey coloration.  

3. Results and discussion 

The XRD pattern is typical for hexagonal phase of ZnO, see Fig. 1(a). The unit cell parameters of ZnO 

within the experimental error do not change with the Er3+ doping concentration (а=3.250 Å, с=5.202 Å). 

It implies that Er3+ ions do not enter into the ZnO crystals. The pattern also contains traces of Er2O3 

crystals, their content increases with Er3+ doping concentration (see Fig. 1(b)). The morphology of the 

fracture surface was characterized by Scanning Electron Microscopy in combination with EDX. Er3+ 

ions are located on the ZnO grain boundaries and within the Er2O3 crystals. The average ZnO grain size 

decreases with Er3+ addition and equals to 5-15 μm.  
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Figure 1(a, b). (a) X-ray powder diffraction (XRD) pattern of Er:ZnO ceramic; (b) XRD pattern of 

of Er:ZnO ceramic in the 2θ range of 28.9 – 29.7o. 

The characteristic ZnO vibrations were observed in Raman spectra at 97, 202, 331, 378, 406, 438, 536, 

663, 1096 and 1153cm-1. A rise in the Raman spectrum in the region of 200–600 cm-1, which corresponds 

to wavelengths of ~ 520–530 nm, can be caused by luminescence of Tm3+ ions impurity in Er2O3 

crystals. Transmission spectra of the polished ceramic samples are shown in Fig. 2(a). In the spectral 

range of 600 to 750-800 nm, transmission changes from 60 to 45% with an increase in the erbium 

concentration from 0.2 to 2 wt%. Absorption and luminescent properties of Er3+ ions are mainly 

determined by Er2O3 crystals. The Beer’s law is observed for all absorption bands of Er3+ ions. The 

short-wavelength transparency boundary for erbium-doped samples s about 390 nm, and the long-

wavelength boundary is in the range of 2.4–2.5 μm. It corresponds to free-carrier concentration between 

3.13·1018 and 11.9·1018 cm-3. 
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Figure 2(a, b). Total transmittance (a) and reflectance (b) spectra of Er+3:ZnO ceramics.  

4. Conclusions 

We report on synthesis, structure and spectral-luminescent properties of novel Er3+-doped ZnO optical 

ceramics promising for optoelectronic applications. It possesses a high radiation stability and a mean X-

ray luminescence decay time of about 6-8 ns in the range of 0 – 50 ns.  
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On the properties of AlN/Si(111) epitaxial structures grown by 

PA MBE via coalescence overgrowth of AlN nanocolumns 
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Abstract. The AlN/Si(111) epitaxial structures were synthesized by coalescence overgrowth of 

AlN nanocolumns using PA MBE technique. Structural, electrical and chemical properties of 

AlN epitaxial layers were studied. It was shown that etching of such AlN/Si(111) structures in 

KOH solution can be prospective method for separation of AlN layers from Si(111) substrates. 

1. Introduction 

Wide bandgap semiconductors, especially III-N compounds, are one of the most prospective materials 

for the development of modern electronics. III-nitrides have a set of unique electrical, optical and 

mechanical properties, which are of importance for optoelecronics, high-power and high frequency 

electronics and MEMS industry [1]. Among III-N materials, AlN attracted huge attention due to its 

giant piezoelectric properties, which are important for surface and bulk acoustic wave devices [2]. 

However, there is well-known problem for further development of nitride electronics connected with 

the lack of natural substrates. Since AlN and GaN substrates are very expensive, low-cost A3N-on-Si 

epitaxial structures become more and more relevant.  

Here we report on the results of the studies of AlN/Si(111) structures synthesized by 

coalescence overgrowth of AlN nanocolumns using plasma-assisted molecular beam epitaxy (PA 

MBE) technique. 

2. Samples and experimental details 

The AlN/Si(111) samples were obtained by PA-MBE using Veeco Gen 200 MBE system equipped 

with RF plasma source. AlN was grown on the semi-insulating (R > 10 kOhm) silicon substrates with 

(111) crystallographic orientation. Preliminarily Si(111) substrates were prepared according to 

modified Shiraki method [3]. Synthesis of AlN nanocolumns and lateral overgrowth was carried out 

using procedure described in [4]. Crystallographic polarity of the AlN was identified by wet chemical 

etching in KOH solution. The samples grown were studied using scanning electron microscopy (SEM) 

(see figure 1), X-ray difractometry (XRD) and Hall measurements. 
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Figure 1. Cross-section SEM image of the AlN/Si(111) sample. 
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Abstract. The influence of non-affinity (heterogeneity) on the macroscopic stiffness of 

amorphous systems with solid nanoinclusions was studied in the context of the random matrix 

model. The numerical analysis shows, that the macroscopic theory of elasticity is applicable 

only for large radius R of spherical nanoinclusions, and it defines the addition to the Young’s 

modulus as ΔE ~ R
3
. Nevertheless, a decrease of nanoinclusion radius makes this dependence 

quadratic, i.e. ΔE ~ R
2
. It determines the scale of heterogeneity of the amorphous solids as a 

certain nanoinclusion radius, which defines the lowest characteristic nanoparticle size and the 

applicability of the macroscopic theory of elasticity. Furthermore, around the inclusions, there 

is a certain transition region with special elastic properties, which depends on the rigidity of the 

whole medium and on the size of the particles themselves. 

1. Introduction 

The physics of nanocomposites based on polymer matrices has recently become an increasingly 

promising field of research. One of the pressing issues is how nanoparticles embedded in a polymer 

matrix effect its elastic properties. As was shown in many works, the addition of nanoinclusions to 

amorphous structures significantly increases the rigidity of the entire nanocomposite [1, 2]. However, 

the macroscopic theory of elasticity is not applicable to describe deformations around nanoparticles 

due to the non-affinity (heterogeneity) of amorphous matrix. The lengthscale of microscopic non-

affinity is estimated as dozens of interatomic distances and can be comparable with the size of the 

nanoparticles [3]. Therefore, it is expected that non-affine displacements play a crucial role in the 

process of deformation of the entire system. In this paper, we study the influence of non-affinity on the 

elastic properties of an amorphous medium with nanoparticles using random matrix methods. 

 

2. Random matrix approach 

The random matrix method has been successfully applied to describe various amorphous systems [4]. 

In this model, the dynamic matrix has the form �̂� = �̂��̂�𝑇 + 𝜇�̂�0, where �̂� is a random square matrix 

responsible for the disorder in the system, built on a simple cubic lattice with a Gaussian distribution 

of non-diagonal matrix elements between the nearest neighbors. Matrix �̂�0 is a regular crystalline 

matrix built on the same lattice, with unit springs between the nearest neighbors. The dimensionless 

parameter 𝜇 characterizes the relative degree of order in the system, varies in the interval 0 ≤ 𝜇 < ∞, 

and determines the Young's modulus 𝐸0 ∝ 𝜇1 2⁄ . 

 

 

 

122

mailto:conyuh.dmitrij@yandex.ru


 

 

 

 

 

 

3. Result 

According to the macroscopic theory of elasticity, the addition of solid spherical inclusions with a low 

concentration 𝑛 and a radius 𝑅 leads to a change in Young's modulus in the form 

 

𝛥𝐸 ~ 𝐸0𝑛𝑅3, 

 

where 𝐸0 is the Young's modulus of the initial medium without inclusions. However, with a decrease 

in the radius of such inclusions, non-affine deformations begin to play an increasingly important role. 

Numerical calculations showed that at some scales of the radius of nanoparticles 𝑅 < 𝑅𝑐 the 

macroscopic theory of elasticity is not applicable. In this case, the change in Young's modulus has the 

form 

𝛥𝐸 ~ 𝜇1 4⁄ 𝑛𝑅2. 
 

The scale 𝑅𝑐  ~ 𝜇−1 4⁄  characterizes the scale of heterogeneity of the amorphous body and determines 

the smallest characteristic size of nanoinclusions, at which the macroscopic theory of elasticity is 

applicable. Also around the inclusions there is a certain transition region with special elastic 

properties, which depend on the rigidity of the whole medium and on the particle sizes (see Fig. 1). 

Such a feature was observed earlier in other works [5, 6]. 

 

 

Figure 1. Energy distribution around spherical nanoinclusion with radius 𝑅 = 15 a.e. Left panel: 

𝜇 = 10−1; central panel: 𝜇 = 10−3; right panel: 𝜇 = 10−5. 

Acknowledgments  

The authors thank the Russian Science Foundation (grant No 17-72-20201) for financial support. 

References 

[1] Stojanovic D, Orlovic A, Markovic S, Radmilovic V, Uskokovic P S, and Aleksic R 2009 J. 

Mater. Sci. 44 6223 

[2] Moskalyuk O A, Samsonov A M, Semenova I V, Smirnova V E, and Yudin V E 2017 J. Techn. 

Phys. 87 266 

[3] Leonforte F, Boissière R, Tanguy A, Wittmer J P, and Barrat J-L 2005 Phys. Rev. B 72 224206 

[4] Beltukov Y M, Kozub V I, Parshin D A 2013 Phys. Rev. B 87 134203 

[5] Moczo J, Pukansky B 2008 J. Indust. Eng. Chem. 14 535 

[6] Fu S Y, Feng X Q, Lauke B, Mai Y W 2008 Composites: Part B 39 933 

123



Semiconductor core - shell nanoparticles SnO2@SnO2 (TiO2, 

ZnO): synthesis, structural characteristics and the effect of 

structure on photocatalytic activity 
 

A Podurets1, D Kolokolov1, M K S Barr2, M Osmolowsky1, N Bobrysheva1,  

J Bachmann1,2, O Osmolovskaya1 

1Institute of Chemistry, Saint Petersburg University, Saint Petersburg 199034, Russia  

2Department of Chemistry and Pharmacy, Friedrich-Alexander University of 

Erlangen-Nürnberg, Erlangen 91058, Germany 
 

Abstract. In this work, SnO2@MOx (MOx = SnO2, TiO2, ZnO) core-shell nanoparticles were 

synthesized by ALD method and characterized in terms of their structural, optical and 

photocatalytic properties. The band gap values are found to be in the region of 2.8 to 4.5 eV, 

whereby distinct values were demonstrated for the core and shell materials in the case of 

SnO2@SnO2 and SnO2@TiO2. Under UV and visible light irradiation, the as-prepared 

nanoparticles exhibited clearly distinct activities towards the photocatalytic degradation of 

methylene blue, depending on the structure and band gap values. Without using any complex 

sample preparation, a full degradation of the pollutant model was achieved in 10 minutes with 

the novel particles, conditions in which simpler particles do not achieve a comparable 

performance. These results make the core-shell nanoparticles under study a promising UV or 

visible-light photocatalyst for efficient environmental remediation photocatalysis. 

Introduction 

Tin dioxide (SnO2) is a widely investigated simple way synthesized semiconductor with a band gap of 

3.6 eV, and seems to be a promising nanomaterial for different photocatalytic reactions. A number of 

practical-oriented papers were dedicated to the water treatment based on the full removal of different 

pollutants using photodegradation process driven by UV and Visible light irradiation. We propose a 

novel strategy for regulating of photocatalytic activity of nanoparticles based on SnO2 by producing a 

core-shell, which makes it possible to control the functional properties of materials by producing thin 

layers. In order to obtain optimal photocatalytic characteristics, the forming layer should be thin and 

ordered, and this could be achieved by atomic layer deposition (ALD). This method is widely used to 

obtain thin films, however, the range of nanopowder substrates is quite limited [1]-[4].  

This research is focused on the first principle study of the effect of structural characteristics on the 

photocatalytic activity of SnO2@SnO2 (TiO2, ZnO) core-shell nanoparticles under ultraviolet and 

visible irradiation.  

To obtain a core (SnO2 nanoparticles of 4 nm) precipitation method was used, and after the 

semiconductor shells of different compositions (SnO2, TiO2, ZnO) were synthesized by the ALD 

method under 150-200 °С using H2O and organic precursors (TDMA, TTIP, DEZ). The shell 

formation is confirmed by XPS techniques and the presence of the ions Sn4+, Ti4+, Zn2+ demonstrated 

that the valence state of Sn, Ti and Zn were kept constant during the synthetic procedure.  

The constant phase composition of the samples was confirmed by the XRD method; an increase in 

crystallite sizes and a change in lattice parameters were found, which indirectly confirms the success 

of ALD synthesis. According to HR-TEM and specific surface area data, the shell thickness varies 

from 0.9 to 1.4 nm, depending on the nature of its material. No additional indices were found for the 

shell, which indicated its oriented growth and agreed well with the absence of peaks from the shell on 

XRD patterns. The analysis of HR-TEM images allows us to suggest that in the case of SnO2 and TiO2 

shell during the ALD process the atoms built up the core crystal structure because those materials 

could crystallize in the same crystal system as the core. The ZnO shell with a distinct crystal system 

was not well crystallized.  
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The presence of the ALD shell is evident in the lattice parameters change, which may be affected by 

surface tension and epitaxial strain effects. The different values of zeta potential for core-only and 

core-shell samples as well as the decrease of hydrodynamic sizes (HS) also confirm the shell 

formation. 

It has been demonstrated that the presence of a shell significantly reduces the band gap of the material 

(from 3.7 eV for a core to 2.8 eV for a SnO2 shell), while the fundamental absorption edge of the 

“core” shifts to higher photon energies, the band gap derived from the adsorption spectrum is 4.6 and 

4.5 eV A significant increase of this value as compared to bare nanoparticles may be caused by the 

relaxed lattice parameters and higher sample crystallinity after ALD treatment, or by the removal of 

near-edge surface defects via the presence of the shell’s oxide. It can be noticed that the shell materials 

SnO2 and TiO2 crystallize in the same crystal system as the core, as opposed to ZnO. In this regard, the 

difference observed between ZnO, on the one hand, and SnO2 and TiO2, on the other hand, may be due 

to the distinct epitaxial constraints on shell growth. The decrease of “shell” band gap for SnO2@SnO2 

sample in comparison with bulk tin oxide (3.7 eV) is probably due to the surface defects and the 

oxygen vacancies which are a very common factor affecting the functional properties of nanoparticle 

tin dioxide. 

The photocatalytic activity of the samples (kinetic dependences of degradation and the composition of 

the products determined by mass spectroscopy) was tested using MB (2·10-3 g / l) and three light 

sources with predefined different emission spectra: ordinary room light (e.g. the sunlight that goes 

from the window), Vis lamp (441 nm, 2.8 eV), and UV lamp (205-315 nm, 3.9 eV). The “dark” 

adsorption of MB on the surface of all samples was studied and shown that it does not exceed 5%, 

which excludes its effect on the photocatalytic process. In the present work, the photocatalytic 

experiments were conducted without the widely used stage of dark adsorption to avoid the important 

limitation of photocatalytic systems – the time needed to surface loading of pollutant on the NPs. It 

has been established that photocatalytic properties depend on the structure of nanoparticles; in this 

case, for an optimal SnO2@SnO2 sample, 90% degradation is achieved after 5 minutes using visible 

radiation. Photocatalysis results indicate that the band gap value was the key factor affecting the 

photocatalytic activity, as expected, and the production of core-shell structures is one powerful method 

to adjust the band gap. 
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Abstract. Morphology and effect of Eu-doping concentration on structural and functional 
properties of tin dioxide nanoparticles obtained by co-precipitation and hydrothermal methods 
are analysed and reported for the first time. The samples were characterized by means of 
transmission electron microscopy (TEM), powder X-ray diffraction (XRD), specific surface 
area (SSA) estimation. TEM, XRD and SSA analyses showed that in the case of co-
precipitation method the nanoparticles were spherical. Hydrothermal treatment leads to 
formation of cubic nanoparticles. An average particle size increased from 3 to 5 nm and from 6 
to 11 nm along with increase of Eu concentration for spherical and cubic nanoparticles, 
respectively. Photoluminescence, electrical and photocatalytical properties of nanoparticles 
with different morphology were studied and compared. It was shown, that the dopant positions 
in SnO2 host differ depending on particle morphology and functional properties.  

1. Introduction 
Tin oxide (SnO2), an n-type semiconductor with a wide band gap (Eg = 3.6 eV at 300 K), have a wide 
range of applications including the transparent conducting media, gas sensors and photocatalysts. The 
luminescence properties of rare earth doped SnO2 have been the subject of numerous investigations. A 
significant number of works have been dedicated to the synthesis and photoluminescence of Eu-SnO2 
NPs that exhibit orange-red emission. The photocatalytical performance of doped SnO2 are also under 
discussion. It is well known that luminescence just like the other optical properties are highly 
dependent on doping ions positions in a host crystal lattice. So, the recent work is dedicated to the 
synthesis Eu-SnO2 nanoparticles with different size, shape and dopant position and to study of its 
functional characteristics. 

2. Experimental 

Two concentration series of Eu-SnO2 NPs with different shape were prepared by using two common 
wet chemistry methods. The samples of the 1st series were synthesized with wide Eu doping 
concentration range (1, 2, 5, 7, 10, 15, 25, 50 at.%) at room temperature by co-precipitation method to 
provide an uniform distribution of dopant in crystal lattice and obtain the spherical NPs. To get the 
NPs with the other morphology (2nd series) freshly prepared suspensions of 5, 15 and 25 at.% Eu-
SnO2 were held at the sealed autoclave (e.g. hydrothermal treatment) to initiate the particle growth and 
shape change. 

3. Results and discussion 
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Based on TEM and BET data it was shown that under mild conditions (co-precipitation method), 
spherical particles with sizes less than 5 nm are formed. The hydrothermal treatment (harsh 
conditions) leads to the production of cubic particles are formed with the size less than 10 nm 
depending on the dopant concentration. For all doped nanoparticles, a change in the unit cell 
parameters was registed in comparison with the reference SnO2 samples, which confirms the success 
of the doping.  

Positions of dopants in the SnO2 crystal lattice were determined by the quantum-chemical calculations 
in the frameworks of density functional theory (DFT), using an original approach. It has been 
established that doping promotes the formation of polycrystalline particles, the crystallite size vs 
dopant concentration dependences are multidirectional for the samples obtained under mild and harsh 
conditions. The presence of oxygen vacancies in all the samples under study were shown by Raman 
spectroscopy and XPS methods, the amount of which can be controlled by changing the dopant 
concentration and the synthesis conditions. 

The band gap values calculated from optical absorbance spectra using Tauc equation were close for all 
the samples and equal to 3.5 eV. 

According to the impedance spectroscopy data for all the samples in the range of 77–400 K the 
volume conductivity and also conductivity of grain boundary were determined, which is consistent 
with polycrystallinity of nanoparticles. 

The photocatalytic activity of the obtained samples was studied under the UV and visible light 
irradition using the model organic dye methylene blue (MB) with a adsorption maximum at 664 nm, 
which simplify its determination procedure. Preliminary the absence of dye adsorption on 
nanoparticles surface was confirmed. The kinetic dependences of MB degradation were studied under 
different pH values (6 and 9), the structure of by-product were studied by mass spectra. It was shown 
that the effectiveness of photocatalysis is due to the dopant position and the number of oxygen 
vacancies in the material; the process occurs at wavelengths significantly greater than the 
corresponding optical band gap.  

The samples showed the presence of luminescence quenching at 25 mol% dopant in nanoparticles 
obtained by the hydrothermal method associated with the close arrangement of atoms relative to each 
other. 

Thus, it was shown that by varying the synthesis procedure, the position of the dopant in the SnO2 
structure can be regulated, which leads to the controlled appearance of defects that determine the 
functional activity of the material. 
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Abstract. 1-μm-thick GaN layers were obtained in one growth procedure on complex 

SiC/Si(111) substrates using plasma-assisted molecular beam epitaxy (PA MBE). Si(111) 

substrates were modified by the atoms substitution technique. Prior to the atoms substitution 

procedure, on the one substrate the transition porous Si layer (por-Si) was preformed. The GaN 

layer grown on this substrate revealed better surface morphology and structural quality, less 

threading dislocation density and as a result showed lower free carrier concentration and higher 

carrier mobility. Moreover XRD study revealed less strain level in GaN layer grown on por-Si 

layer.  

1.  Introduction 
Si(111) substrates are commercially available and fairly cheap in comparison with all others 

traditional substrates, which used for III-N devices fabrication since the silicon technology is the most 
common and well-established. However, large lattice and thermal expansion coefficient (TEC) 
mismatch between Si and GaN (~17% and ~54%, respectively) [1] led to high density of threading 
dislocations and other defects which affects on end-device efficiency. At the present time , there is 
an acute problem of the integration of GaN technology with silicon technology, in order to create 
new classes of semiconductor devices using the advantages of both technologies on a single chip. In 
this paper we describe the novel approach for GaN layers fabrication on Si(111) substrates, using 
por-Si layer which prior to growth was modified by the atoms substitution technique [2,3] to achieve 
3H-SiC porous transition layer. Due to less lattice and TEC mismatch between 3H-SiC and GaN 
(~3.4% and <1%, respectively) [1], formation of porous transition layer led to incensement in 
structural, optical and physical properties of GaN/SiC/por-Si(111) heterostructure grown by PA MBE 
in comparison with GaN/SiC/Si(111).  

2.  Experiment 
Porous layer of silicon, por-Si in the process of “compliant” virtual substrate was formed on a 

single-crystalline c-Si (111) plate by its electrochemical etching in the alcohol solut ion of the fluoric 
acid according to the standard procedure [3]. The thickness of the obtained porous layer was 30 nm. 
The specified technological mean diameter of the pores was ~1-5 nm. Growth was performed on 
Veeco Gen 200 PA MBE setup. Both samples were grown in one growth procedure. The nucleation 
layer with 3- dimensional surface morphology was grown at the equal nitrogen and gallium fluxes 

FGa=FN~0.05 m/hour at the growth temperature Ts=650°C. Upper laying high-temperature 350-nm- 

thick GaN layer was formed at Ts=700°C and metal-rich conditions FGa~0.4 m/hour and FN~0.05 

m/hour. The top GaN layer was grown at the Ts=650°C and less metal-rich conditions - FGa~0.2 

m/hour and FN~0.05 m/hour up to GaN thickness of ~1 m. The surface morphology was studied 
by means of atomic force microscope (AFM), scanning electron microscopy (SEM). Crystalline 
quality was evaluated by means of and X-ray diffraction (XRD) analysis. Optical properties were 
studied by means of PL, Raman, UV spectra analysis. Carrier concentration and type of conductivity 

were determined by Hall Effect technique applying Van der Pau method. 
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3.  Results  
The cross-section SEM image confirms revealed reasonable quality of the obtained layer and 

layer–substrate interface. Both interfaces have porous structure independent of either using of por-Si 
sublayer or not. It follows from the fact that under the formation of the SiC layer when employing 
substitution of the atoms technique porous transition layer of silicon carbide is formed. However, as 
can be seen from Fig. 1,а and 1,b the depth of the porous region in the substrate is considerably greater 
for the sample grown on SiC/por-Si/Si substrate 

 
 

Fig. 1 Cross-section SEM image of samples grown on SiC/por-Si/Si (a, c) and SiC/c-Si (b, d) 
substrates at the different magnification 

The PL spectra of the samples demonstrates two emission areas localized near 3.4 eV and broad 
emission band within the yellow-green range of the spectrum (500 – 600 nm) more intensive for 
GaN/por-Si/Si(111) heterostructure. The peak localized near 3.4 eV corresponds to hexagonal 

symmetry but not the cubic one (in the latter case exciton emission would be of about 3.2 eV). 

Hall measurement revealed n-type conductivity for both samples. Carrier concentration was 
measured as 9.2·10

17
 and 1.8·10

19
 cm

-3
 for the sample grown on SiC/c-Si and SiC/por-Si/Si 

respectively, with Hall carrier mobility of 52 
sV

cm 2


 and 990 

sV

cm 2


. 

UV spectra analysis revealed that up to the range of extremes (500 – 900 nm) the value of 
refractive index in GaN layer grown on the template with porous silicon is slightly higher (+7%), than 
for the film obtained on the substrate of SiC/c-Si.  

XRD analysis showed that GaN grown on substrate with preformed por-Si layer is less strained and 
have less density of vertical dislocations. 
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Abstract. In this paper, we obtained nanoparticles based on ABX3 type of metal halide 

perovskites at room temperature. The development of technological processes allowed us to 

synthesize the studied nanoparticles with room temperatures. Perovskite materials problem is 

degradations in moist environment, by light and unsteadiness to differential temperature. We 

studied perovskite degradation phenomena from light exposure.  And were select the optimal 

layers for perovskite solar cell stability.  

1. Introduction 

Perovskite structure materials of the type AMX3 (A = Cs, CH3NH3, CH3CH2NH3, (NH2)2CH; M = Sn, 

Pb; X = Cl, Br, I,) are promising for solar energy. They have optimal parameters using in 

photovoltaics, such as band gap energy, high mobility of charge carriers and their long lifetime. 

Currently, the organo-inorganic perovskites solar cell (PSC) efficiency has reached a certified value of 

25.2%, it exceeds the obtained values cadmium telluride (CdTe) and indium gallium selenide (CIGS) 

solar cells (SC) [1]. However, such materials are unstable under the influence of a humid environment, 

in the presence of oxygen, high temperatures and light radiation [2-3]. One of the solutions of this 

problem and improvement the properties of solar cells are using of mixed perovskite layers and 

stabilization of the layers by other materials, including perovskite nanoparticles (NPs). At present, 

perovskite NPs are especially popular in photovoltaics. They have a high photoluminescence quantum 

yield and their optical properties depending on NPs size and composition [4]. 

In this work, we developed a modified method for the NPs synthesis at room temperature and NPs 

films with mixed perovskite layers. We studied their optical properties and degradation under 

illumination. Particle sizes vary between 20-200 nm, depending on the synthesis conditions. The 

optical properties of NPs and films were studied by optical spectroscopy. Perovskite NPs structure was 

determined by electron diffraction. The films morphology was obtained by scanning electron 

microscope. It was experimentally found that during the synthesis of NPs, the dimensions of which are 

200 nm, have a layered structural structure, and cubic shapes have NPs with a size of 20 nm [5]. 

Perovskite and NP layers was applied on substrates by various methods. After exposure to sunlight 

simulator, the photoluminescence (PL) intensity decreased significant. We repeatedly irradiated 

substrates with different NP perovskite layers. Based on the PL intensity dependences were selected 

the most optimal substrates and layers. We associate film degradation phenomenon from lighting with 

various mechanisms of ion mass transfer. 
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2. Figures 

 

Figure 1. Perovskite NPs different composition. 

 

Figure 2. Perovskite NP synthesis at room temperature: (a) layer structure NPs, (b) cubic shape 

NPs. 

 

 

Figure 3. Perovskite NPs CsPbI3 TEM-images: (a) 200 nm, (b) 20 nm. 

131



 

  

Figure 4 (a, b). (a) CsPbBr3 NPs films with various layers; (b) PL peak (λpeak = 515 nm) 

dependence on the time of irradiation CsPbBr3 NPs films: 1 - Si, 2 - optical glass (Opt), 3 - FTO, 4 - 

MAPI 
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Abstract. Nucleation effects were experimentally studied for ruthenium thin films grown by 

plasma-enhanced atomic layer deposition (PEALD) using O2 plasma. 

Bis(ethylcyclopentadienyl)ruthenium (II) (Ru(EtCp)2) was used as Ru precursor. The growth 

was performed on different underlying thin layers (interfaces), including Ta2O5, TiN, and TaN 

to investigate the effects of interfaces for nucleation of the Ru in the ALD process. Some of the 

samples were previously processed in ammonia and oxygen plasma to enhance nucleation. The 

processes of forming barrier layers based on titanium and tantalum nitrides by plasma-

enhanced atomic layer deposition were also studied. Films properties were evaluated by 

spectral ellipsometry, scanning electron microscopy and atomic force microscopy. 

1. Introduction 

Highly conformal Ruthenium thin films have many applications in microelectronics; for example, as a 

gate electrode for p-FET [1], capacitor electrodes in new generation dynamic random access memories 

(DRAMs) [2], and capacitor electrode for ferroelectric random access memories (FRAMs) [3]. 

Thermal and plasma-enhanced atomic layer deposition Ruthenium were reported by several groups 

[4]. The novel application of Ruthenium is metallization systems of integrated circuits [5]. Cobalt and 

Ruthenium are the two leading materials to replace copper at small dimensions. The advantage of 

Ruthenium is the possibility to use it without diffusion barriers or apply Ru as a barrier for other 

metals [6]. One of the main disadvantages of the thin Ruthenium film growth process is the effect of 

delayed nucleation. It manifests itself in the presence of idle cycles at the beginning of the ALD 

process. In the case of incomplete nucleation, this results in island growth on the surface, which leads 

to the high roughness of the films. The present paper performs research on the initial stages of 

Ruthenium growth on surfaces coated with different interfaces and subjected to various pretreatments. 

The processes of forming barrier layers based on titanium and tantalum nitrides by plasma-stimulated 

atomic layer deposition were also developed. 

2. Experiment 

Ru films were deposited on different substrates by PEALD at a growth temperature of 400 °C using an 

alternating supply of Ru(EtCp)2 and O2 plasma. The deposition pressure was kept at 65 mTorr during 

plasma steps and 80 mTorr in others. Ru(EtCp)2 was contained in a bubbler, which was heated to 70°C 

and delivered to the reactor by argon carrier gas at a flow rate of 150 sccm. The feeding line and 

chamber were heated to 120 °C to prevent the condensation of the Ru(EtCp)2 precursor.  

There were 300 deposition cycles for each sample. One deposition cycle of PEALD-Ru consisted of 

six steps: (i) dose of Ru(EtCp)2; (ii) pump during 1 s; (iii) purge pulse with 150 sccm of Ar;  

(iv)plasma gas stabilization; (v) O2 plasma exposure and (vi) another purge with 150 sccm of Ar. 
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During the plasma pulse, the radio-frequency plasma was operated at 75 W with 60 sccm of gas flow. 

The conductivity of ruthenium stacks was measured by the four-probe method. 

3. Results and discussion 

It was found that the nucleation rate for Ruthenium in a plasma-stimulated deposition process 

substantially depends on the surface of the substrate. Measurements by atomic layer microscopy 

showed that the formed films have a characteristic roughness, which occurs due to the gradual 

formation of nuclei on the surface. Thus, the stimulation of nucleation leads to a decrease in the 

roughness of the films. It has been established that films of metals deposited by plasma-stimulated 

deposition - (TiN and TaN) of a second precursor compositionally optimized to produce films with 

minimal electrical resistance - are favorable for deposition. 

4. Conclusion 

It was shown that the nucleation delay could be achieved during the deposition of Ruthenium of 

several hundred cycles and its effects significantly depend on the interface material. It also determines 

the roughness of the resulting films. It has been shown that RMS roughness during the deposition of 

ruthenium films with a thickness of 10-15 nm on the surface of TiN and TaN during the plasma 

conditioning of the surfaces is in the range of 1.7-4.2 nm and depends on the interface material. The 

results can be used to develop ruthenium deposition processes in trench coats in ICs metalization 

systems, as well as to develop promising area selective deposition processes. 
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Abstract. In this work were studied properties of InGaN/GaN nanorods before and after wet 

chemical etching with the aim of sidewall defects removal and morphology configuration, 

which, consequently, allowed to manipulate with the optical properties of the light emission of 

the nanorods. 

1. Introduction 

InGaN/GaN nanorods have a promising potential for the fabrication of highly efficient LEDs, 

nanoscale sources of light for photon probe production, and similar applications [1]. One the most 

commonly used techniques for nanorods creation is plasma etching of planar light emitting 

heterostructures with a mask assembled on the surface. The key problem of this method is the sidewall 

defects formation. In this work, the wet etching method of InGaN/GaN nanorods was studied with the 

aim of sidewall defects removal and morphology configuration, which, consequently, allowed to 

manipulate with the optical properties of the light emission of the nanorods.  

2. Experiment and results 

The initial sample represents an array of nanorods of size d = 100 nm and density 3.4∙10
9
 см

-2
. The 

average height of the nanorods was 300 nm: GaN (p-type) 100 nm (top), InGaN QD/GaN, 

AlGaN/GaN superlattice (100 nm), and GaN (n-type) 100 nm, which altogether form a 

heterostructure. The etching process occurred in 2 stages: first etching in  liquid solution KOH:H2O 

(1:5) at 70°C temperature for 10 seconds, second etching in  liquid solution KOH:H2O:C3H8O3 

(7.8:11:48.7) at 70°C temperature  for 2-27 minutes. Using the well-known method for determining 

the semiconductor polarity [2], we came to the conclusion about the Ga- polar crystallographic 

structure of our sample and the possibility of etching. Morphology of the structure was measured using 

Zeiss Supra 25 scanning electron microscope and spectrum of the photoluminescence intensity were 

received on Accent RPM Sigma facility. As a result of etching, the nanorods became thinner, the 
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photoluminescence intensity increased. Due to the different etching rates of the heterostructure 

materials, as a result of further etching, the quantum dots disappeared and the photoluminescence 

intensity decreased. To explain the experimental results, we performed a numerical simulation of 

structures in the Optiwave and Lumerical software, which showed that the geometry of the nanorod 

affects the extraction of light from the sample. During etching, the shape of the nanorods changed 

from a trapezoidal to a vertical resonator. Along with this, defects were removed from the sidewall 

surface of nanorods. These factors served to increase the intensity of photoluminescence at the first 

stage of etching in a KOH solution. 
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Abstract. In this work, it is experimentally shown that the etching of GaN or InGaN NWs in 

the KOH solution allows to manage the morphology and optical properties of the NWs array. 

The diameter of the NWs decrease from 200-100 to 30-40 nm. When etching the sample 

increases the intensity of photoluminescence structure. 

1. Introduction 

In the last few years, nanowires (NWs) based on III-N (in particular, InGaN) materials are widely used 

in nanophotonics and optoelectronics to create high-efficient light-emitting diodes, solar cells and etc. 

Firstly, InGaN has a direct band gap in the range from 0.7 to 3.43 eV available by tuning the chemical 

composition. Secondly, nanowires can be grown practically defect-free on substrates whose lattice 

constants differ significantly from the NW lattice constants [1]. However, the synthesis NWs with 

lateral sizes of nanometers requires special preparation of the substrates, including electron 

lithography method. At the same time, wet chemical etching is a promising and simply method due to 

which it is possible to control the morphology [2] and, as a consequence, the electrical and optical 

properties of NWs. The work presents results of the wet chemical etching in the KOH solution of 

InGaN and GaN nanowires. 

2. Experiment and results 

The NWs were grown by molecular-beam epitaxy (Riber Compact 12 MBE system) on Si (111) 

substrates. The surface morphology of the samples was studied using Supra 25 (Carl Zeiss, Germany) 

scanning electron microscope (SEM). Optical properties was exanimate by photoluminescence 

spectroscopy (Accent RPM Sigma machine).  

Morphology studies of InGaN NWs initiall samples show (figure 1a) a pencil-like shape with an 80-

100 nm truncated top. Wet chemical etching of III-N materials is carried out in the solution KOH:H2O 

(1:5) at a temperature of 75℃ with a variation of time [3]. SEM studies show that at the initial stage of 

etching (10-60 sec.) there is a decrease in the diameter of the NWs perpendicular to the direction of 

growth (figure 1b), as well as etching of existing defects of the structure array. The diameter of the 

NWs decrease from 100 to 30-40 nm. Changing the viscosity of the etching solution allows to control 

the rate of etching with high accuracy. This mechanism of etching occurs to formation an uniform 

surface morphology of the layer. It achieves a greater homogeneity of the photoluminescence map. 
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Note that when etching the structure increases the intensity of photoluminescence structure, 

presumably due to the removal of the oxidative layer and surface defects. 

 

  Figure 1(a, b). (a) initial sample; (b) sample after 10-60 sec. etching.. 

The etching occurs along the semi-polar and then along the no-polar crystallographic directions [4] 

perpendicular to the growth direction of the NWs, which led to a homogeneous reduction in diameter 

to the diameter of the NWs top. Since the height of the NWs has not changed during the etching 

process, it is possible that the synthesized InGaN NWs have a Ga-polar crystallographic structure [3]. 

With further etching (60-180 sec), the NWs are etched at the tops and roots (fig. 1(3)), which provides 

to a decrease in the overall height of the structure and separation of the NWs from the substrate. As a 

result, it is experimentally shown that the etching of InGaN NWs in the KOH solution allows to 

control the morphology and optical properties of the NWs array. 
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Abstract. Artificial cell fusion is a widely used approach in cell biology and biomedicine. 

Femtosecond laser-induced cell fusion is considered to be a precise and low-invasive tool for 

the cell fusion. However, the percentage of somatic cell fusion remains not very high, and the 

use of polyethylene glycol is often required. In our research we propose the use of rotating 

optical chopper to create ultra-short trains of femtosecond pulses (up to 1 ms) to decrease the 

laser impact. It helps to control the appearance and size of gas-vapor bubbles, avoiding cell 

destruction. We achieved the cell fusion efficiency of 50% without the use of polyethylene 

glycol. 

1. Introduction. 

Artificial cell fusion is a widely used approach in cell biology and biomedicine, e.g., for hybridoma 

production [1] or for tetraploid embryo obtainment [2]. Femtosecond (fs) laser-induced cell fusion is 

known as a precise and low-invasive tool for the embryo cell fusion. It allows fusing 2-cell embryos 

with 50% efficiency, but percentage of somatic cell fusion does not exceed 15-20% [3] or 37% 

according another data [4]. One research reports on 80% level of fusion [5], but in this work fusion 

medium is supplemented with polyethylene glycol, which is known as a fusogen. Relatively low 

percentage of somatic cell fusion can be explained by the appearance of the gas-vapor bubble, which 

occurs in the contact area of the cells due to the laser exposure. On the one hand, gas-vapor bubble is 

required to initiate cell fusion by destabilizing plasma membranes of the cells. On the other hand, gas-

vapor bubble can impair plasma membranes of the cells and can be resulted in cell destruction [6]. So, 

the success of fusion depends on the cell size (consequently, on the cell-adhesion area) and on the gas-

vapor bubble size. Therefore it is easier to fuse 2-cell embryos, which have size 30-50 μm (each 

blastomere) and natural cell-adhesion area, than to fuse somatic cells, which are significantly smaller 

(10-20 μm). 

In this research we propose the use of optical chopper to improve the fusion technique. We used 

optical chopper to reduce the length of femtosecond pulse trains up to 1 ms. It allowed to rise up the 

pulse energy but to diminish heat accumulation, therefore to lower vapor-gas bubble size. 

 

2. Materials, methods and results. 

Cell culture and sample preparation. 

Frozen THP1 cells (human monocytic cells) were thawed in a 37°C water bath and then diluted with 

pre-warmed medium (DMEM supplemented with 10% FBS). Cell suspension was centrifuged at 

approximately 200G for 5 minutes. Supernatant were decanted and cell pellet were resuspensed with 

M2 (Sigma, M7167) medium. During the experiments cells were kept in M2 medium on the ice to 

avoid cell adhesion. 

Experimental setup for the cell fusion. 

In the experiments we used the Olympus IX71 microscope (objective 60×, NA = 0.7). Cell fusion was 

performed using a fs laser Mai-Tai (Spectra Physics). Laser parameters: λ = 800 nm, pulse duration = 

100 fs, pulse energy = 1,5 nJ, 80 MHz repetition rate. The diameter of the beam waist was 1,39 μm, 

peak power density for the pulse in the beam waist was 1,1∙10
12

 W∙cm
−2

. Optical chopper was set up 
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with frequency 26 Hz to incise laser pulse trains with 1 ms duration. After optical chopper mechanical 

shutter was used to control number of femtosecond pulse trains for one exposure. 

Fusion protocol and results. 

For the fusion experiments suspended THP1 cells were placed onto a cover glass in 50 μl M2 

supplemented with 40 μg/ml lectin (Sigma, L8902) to provide cell-cell adhesion. Single cells were 

joined by an optical tweezer and adhered by the action of lectin (Fig. 1, a, b). Laser radiation was 

focused at the cell-adhesion area and resulted in a gas-vapor bubble (Fig. 1, c). Estimated bubble size 

is 2 μm, its lifetime is 40 ms. Gas-vapor bubble broke plasma membranes of the cells and caused 

fusion immediately (Fig. 1, d, e). 27 of 60 pairs (45%) successfully fused forming a single cell with 2 

nuclei (Fig. 1, f). Complete cell fusion took nearly 10 seconds from the moment of gas-vapor bubble 

appearance. 

 

 
 

Figure 1. Laser-induced fusion of THP1 cells. (a) Optical tweezer moves a cell towards to another one 

and joins them (b). Gas-vapor bubble occurs as a result of the laser impact (shown by an arrow, c) and 

induces cell fusion immediately (d, e). Presence of 2 nuclei within a one cell is confirmed by 

 Hoechst 33342 staining (f). 
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Abstract. The presence of a gene encoding small heat shock protein IbpA in Acholeplasma laidlawii 

(AlIbpA) appears to be one of the key factors determining the high adaptive capabilities of this 

mycoplasma. Previously, we showed a participation of the N-and C-terminal regions of AlIbpA in 

functions of chaperone in vitro. The aim of this work was to establish the involvement of the N - 

and C-terminal motifs of the recombinant AlIbpA in the survival of Escherichia coli cells under 

temperature stress in vivo. To determine this, we used genetically engineered versions of the AlIbpA 

with truncations and mutations in the N - and C-terminal domains. Viability was determined by 

counting CFU and differential fluorescent staining. Studies have shown that hyperproduction of the 

N-termini-modified IbpA from AlIbpA is able to exhibit thermotolerance E. coli cells.  

This research was funded by the Russian Science Foundation (project No. 17-74-20065).  

Introduction 

Small heat shock proteins of ɑ-crystalline type (sHSPs) play a key role in the cell survival under stress 

conditions. The primary function of sHSPs is preventing the irreversible denaturation and aggregation of 

partially denatured proteins [1, 2]. Some sHSPs are known to interact with cytoskeletal proteins and to 

protect them from denaturation under stress conditions [3; 4]. They are also necessary for the cell membrane 

fluidity regulation, since they stabilize the liquid-crystal state of the bilayer and maintain the membrane 

integrity during thermal fluctuations [5; 6]. Their importance for the cell survival under extremely 

unfavorable conditions may also be confirmed by their presence in most well studied microorganisms that 

can exist in dormant state forms. Remarkably, sHSPs were not found in many bacteria which belong to 

Mollicutes (mycoplasmas). Among them sHSP homologs were identified only in some members of the 

Spiroplasmataceae and Anaeroplasmataceae families, and to a greater extent in bacteria of 

Acholeplasmataceae family, including Acholeplasma laidlawii [7]. In contrast to most mycoplasmas which 

are parasites of human and animals, A. laidlawii is the only mollicute that is able to exist free of any host 

[8] and survives under a variety of stresses. We suggest that IbpA protein (the sHSP orthologue) can be one 

of the key factors governing the extensive stress adaptive abilities of A. laidlawii. Our early investigations 

suggest that IbpA participates both in the stabilization of individual polypeptides and probably in the 

maintenance of various cellular structures upon temperature stress [9]. Recently we have shown that IbpA 

protein with truncated or mutated N-terminal domain forms fibrils and exhibits higher chaperon activity in 

vitro [1]. 

In this paper we report that overexpression of the recombinant IbpA with truncated or mutated N-

terminal domain increases the viability of E.coli cells under heat shock.  

 

2. Materials and Methods 

2.1 Bacterial strains and growth conditions  

Escherichia coli BL21 was used in this assay. Plasmids providing the overexpression of recombinant 

mutated and truncated IbpA proteins from A. laidlawii used in this study were obtained earlier by cloning 

of the truncated ibpA genes into pET15b vector [1,7]. Bacteria were grown in LB broth with rigorous 

shaking at 37°C for 24 hours and subjected to heating for 1 h at various temperatures as indicated.  
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2.2 Evaluation of survival of IbpA overproducing E. coli cells under heat shock  

E. coli BL21 pIbpA and E. coli BL21 pET15b cells were grown in LB medium until OD600~0.6 and IPTG 

was added until the final concentration of 1 mM followed by cultivation during 1 h. Next the cells were 

exposed to the heat shock (56ºC) for 1 h. Cells from the same aliquots before and after the heat treatment 

were seeded on a solid LB medium and CFUs were calculated after 24h cultivation at 37ºC. Alternatively, 

cells subjected to the heat shock for 1 h were stained by acridine orange and propidium iodide and analyzed 

by differential fluorescent microscopy. The fraction of non-viable cells was estimated as the relative 

fraction of the red cells among all cells in the combined images obtained by overlaying of the green and the 

red fluorescent microphotographs (10 images per each sample).  

2.3 Statistical analysis 

Experiments were carried out in three biological repeats. The fraction of non-viable cells in 

microscopic images was estimated as the relative fraction of the red cells among all cells in the combined 

images obtained by overlaying of the green and the red fluorescence microphotographs (10 images per each 

sample) by using BioFilmAnalyzer software [10]. 

Results 

One of the known functions of sHSPs is the enhancement of cellular resistance to heat shock by 

prevention of partially denatured proteins aggregation. As shown previously, sHSP from the rice increased 

the tolerance of E. coli cells to the 30 min exposure to 47.5 °C [11]. In our recently research AlIbpA with 

damaged N-terminal domain was characterized by increased chaperone activity of sHSP in vitro [1], so we 

asked whether an overexpression of modified AlIbpA would affect the survival of the recombinant E. coli 

cells under heat shock conditions. E.coli BL21 cells carrying either pIbpA plasmids providing the 

expression of IbpA proteins with various mutations/truncations of N- and C-terminal domains or pET15b 

vector (the latter used as control) were induced by the addition of IPTG followed by 1 h incubation at 30 

°C for protein overproduction. Next the cells were incubated at 56 °C for 1 h, and CFUs were calculated 

before and after the exposure to heat shock. Count of viable cells with empty pET15b vector decreased 

approximately 10-fold after heat treatment. In contrast, the cells producing recombinant IbpA with 

truncated (N12, ∆N25) or mutated (∆N11N12) N-terminus survived after heating suggesting that IbpA 

increases the cell survival under the heat shock. Additionally to the CFUs counting, the viability of the cells 

after heat shock was evaluated by differential fluorescent microscopy. Cells were stained by both acridine 

orange and propidium iodide and the fraction of non-viable cells was estimated as the relative fraction of 

the red cells. Similarly to CFUs count data, an increased viability of cells producing IbpA with truncated 

(N12, ∆N25) or mutated (∆N11N12) N-terminus has been observed. 

Taken together our results indicate that the overexpression of N-termini-modified IbpA from AlIbpA 

more effectively protects E.coli cells from heat shock than other variants including full-sized AlIbpA itself.   
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Abstract. We obtained coordination pectin biopolymers with different nickel ions contents 

(PG-NaNi). Morphology of PG-NaNi on a glassy carbon surface provides very high surface to 

volume ratio. Cyclic voltammetry on the modified glassy carbon working electrode in water 

solution saturated with carbon dioxide shows catalytic properties of PG-NaNi for CO2 

reduction reaction. 

1. Introduction 

Efficient conversion of carbon dioxide into useful products is an important task of science. 

Electrochemical reduction of carbon dioxide to various products is considered as one of the main 

approaches to solve this problem. Selectivity and yield of the electrochemical CO2 reduction reaction 

at room temperature strongly depend on the working electrode material and solvent. Main problems 

consist in the relatively high potential of this reaction (-1.90 V vs SHE in water) and low current 

density. However, these problems can be solved using efficient, cheap and stable catalysts. 

Unfortunately, no catalysts were found that met all the requirements and could be used on an industrial 

scale. 

Coordination polymers with metal ions can be considered as polymerized forms of molecular 

catalysts. They have several advantages as electrocatalysts - significant design flexibility, high surface 

to volume ratio and they allow functionalization with multivalent ligands and metal centres. In this 

work, we propose coordination pectin biopolymers with nickel ions as heterogeneous electrocatalysts 

for the electrochemical CO2 reduction reaction. 

2. Results and Discussion 

Coordination polymers PG-NaNi were obtained as a result of total pectins deesterification with 100% 

degree of salt formation and its subsequent involvement in complexation [1]. The following reagents 

were used as starting reagents: citrus pectin Classic C-401 manufactured by Herbstreith & Fox 

(Germany) with 65% esterification degree, nickel chloride NiCl2 and sodium hydroxide NaOH with 

99,9% degree of purity. Since results for different PG-NaNi polymers are similar, further we will 

focus on the results for PG-NaNi with 20% substitution degree of Na with Ni ions. 

Direct single-electron reduction of linear CO2 to the nonlinear anion radical CO2
.- occurs at high 

negative potential -2.21 V vs. SCE. But multi-electron reduction reactions are possible in the presence 

of water molecules. These reactions have much less standard electrode potential, for example: 

CO2 + 6H2O + 8e = CH4 + 8OH                               (-0.25 V vs. SHE) 

CO2 + 9H2O + 12e = C2H5OH + 12OH                    (-0.33 V vs. SHE) 
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In addition, more useful products are formed as a result, as can be seen. 

Our idea was to deposit PG-NaNi on the surface of a glassy carbon (GC) electrode, then to lower the 

electrode into water saturated with carbon dioxide and try to catalytically reduce CO2. When water is 

saturated with carbon dioxide, pH level of the solution greatly decreases (in our conditions, up to pH = 

4). This is an undesirable process, therefore pH=7.0 of solutions throughout the entire electrochemical 

experiments was supported by the addition of small amounts of HCl (≥99.9%) and KOH (≥99.9%). In 

addition, 0.1 M NaCl (≥99.9%) was added to the water as the supporting electrolyte. 

Deposition of PG-NaNi on the GC electrode surface technique was as follows: 7.5 mg PG-NaNi was 

dissolved in 400 μl mixture of deionized water and isopropyl alcohol (1:1). The resulting solution was 

placed in an ultrasonic bath for 10 minutes, then was dripped onto the surface of a glassy carbon 

electrode. After drying in the open air, the modified GC electrode was considered ready for use. An 

atomic force microscope (MultiMode V) was used to reveal the morphology of PG-NaNi on the GC 

surface. As you can see in Figure 1a, there are fibers of biopolymer PG-NaNi with 40 nm diameter on 

the GC surface. Fiber agglomeration can be observed in some places (top right in the figure), while 

single fibers are observed in other places. Such morphology provides a very high surface to volume 

ratio, and it is very good for a heterogeneous catalyst. 

 

a 

 

b 

Figure 1(a, b). (a) Atomic force microscope image of the PG-NaNi modified GC surface; (b) CV 

on the modified GC electrode in water saturated with Ar or CO2 with different bubbling times. 

Figure 1b shows the results of cyclic voltammetry on the modified working electrode in water 

solutions saturated with argon (0 min CO2 bubbling) or carbon dioxide with different bubbling times. 

The curves show an irreversible reduction peak with potential E = 1.2 V vs. Ag/AgCl. It can be noted 

that an increase in CO2 bubbling time leads to an increase in the peak current. CV curves with 

bubbling time over 6 min. do not show an increase in reduction peak current. Worth noting cyclic 

voltammetry on the unmodified working electrode in water does not show any peaks in this potential 

range. All this confirms catalytic properties of nanostructured nickel-containing pectin biopolymers 

PG-NaNi on a glassy carbon surface for CO2 reduction reaction. 
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Abstract. The development of medical technology is an integral component of preserving the 

future generations health, which consists of  the prevention and early diseases diagnosis using 

modern diagnostic measuring instruments. One such instrument is a bio-impedance analyzer 

(BIA). This article presents the results of modeling and metrological analysis of the BIA 

electrical circuit, which allowed to minimize the main relative error to 0.1%.   

1.  Introduction 

Bio-impedance analyzers offer portability, mobility and enhanced comfort for long-term monitoring. 

The frequency measurement spectrum from 100 to 2500 kHz allows to distinguish the introduction of 

errors by extracellular and intracellular fluid [1]. To increase the measurement accuracy, the following 

problems were solved: a review of electrical models of biological objects was carried out, a circuitry 

solution for measuring nodes was developed and the errors of bio-impedance measurements were 

analyzed.           

2.  Analysis of methodological errors of bio-impedance measurement 

Methodological errors in bio-impedance measurement can occur when registering the current flowing 

through a system of parallel-series resistances and capacitors - the equivalent of a person’s electrical 

circuit [2]. They manifest themselves as a result of spurious current leaks to the common wire, because 

the measuring electrodes are connected to the extreme points [3, 4]. The developed current source 

circuit that minimizes the errors is shown in Figure 1. According to the accepted notation, R1 is the 

resistance of the intercellular fluid, C1 is the capacitor formed by the dielectric membrane of the cells, 

and R3 is the resistance of the intracellular fluid. The human body is a stray capacitor at high 

frequencies, in which the clothes act as a dielectric, one of the plates is the human body, and the 

second is the earth. C3 = 200 pF acts as such a stray capacitor (see Figure 1), its reactance is 398 

Ohms, at a voltage of 10 V and a frequency of 2 MHz. According to the first Kirchhoff rule, it is 

determined that the stray current is 12.2%. Figure 2 shows the phase - frequency characteristics (PFC) 

of the considered circuit. The PFC analysis showed that when the frequency increases above 150 kHz, 

the effect of current leakage to earth through the capacitor C3 is manifested, which affects the error of 

bio-impedance measurement.    
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 Figure 1. Circuit simulating earth leakage. 

 

 Figure 2(a, b). (a) PFC when the capacitor C3 is off; (b) PFC when the capacitor C3 is on. 

3.  Conclusion 

In this work, a circuit is modeled that takes into account the leakage current to earth. The measurement 

object is presented in the form of an electric model and the process is simulated in a CAD system, 

which made it possible to improve the circuitry part of the current source in order to increase the 

measurement accuracy and minimize the influence of the object stray capacitance. Therefore, 

changing the currents proportions of the electric circuit model on the RC elements can reduce the 

influence of spurious interference. 
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Abstract. Tracking the movement of the nucleoli by custom-made software and optical trapping 

in living oocytes with different types of chromatin distribution made it possible to identify 

specific patterns of nucleoplasm organization, depending on the chromatin packing profile of the 

nucleus. 

 

1. Introduction 

Chromatin and nuclear bodies experience dramatic biophysical changes during oogenesis. Nuclear 

mechanics affect the regulation of gene expression, availability of DNA for transcription factors, 

histones or other molecular complexes [1] and, as a result, the successful maturation and fertilization of 

the gamete.  

Optical trapping of nucleoli within nucleoplasm of living oocytes provides unique model system and 

non-invasive technique for investigation of nuclear environment. 

To characterize rheological properties of the nucleoplasm of GV-oocytes (germinal vesicle stage) with 

three main types of chromatin distribution in the nucleus (NSN, pNSN, pSN, SN) [2], we employed 

methods of active and passive rheology. By using of a single beam optical trap, formed by a tightly 

focused laser radiation at 780 nm wavelength, we performed subsequent stress-relaxation series of 

nucleoli in various directions and with different amplitudes. The oocytes’ nucleolus, due to its large size 

and spherical shape, acted as a microprobe. The characteristic nucleolus relaxation times were also 

obtained for each type of chromatin configuration, which can subsequently be used to evaluate the 

viscoelastic properties of the nuclear material. Brownian motion of nucleoli was also extracted to 

estimate local forces acting within nucleolar environment. 

2. Materials and methods 

Oocytes were collected from 6-9 weeks old female mice (С57BL/CBA) 48 hours after injection of 

PMSG (pregnant mare׳s serum gonadotropin) and stained with fluorescent dye Hoechst 33342 for 

visualization of chromatin. Optical trapping of the nucleolus was carried out by continuous radiation 

from a titanium-sapphire laser at a wavelength of 790 nm. The laser radiation was coupled to the 

microscope and then was focused into the oocyte with a 60x 0.7 NA objective lens. Laser power at the 

focus was 280 mW, corresponding to a maximum force of 10 pN. Videos of optical trapping and 

Brownian motion were captured by high-speed camera at 100 fps. Tracking of nucleoli were performed 

by custom-made software. 
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3. Results and conclusions 

Relaxation of nucleoli in our model was best fitted by biexponential decay function (Fig.1). By 

triggering of displacement modes, we extracted variety of relaxation curves of nucleolar movement for 

the oocytes with NSN-type of chromatin configuration. For the small displacements and prolonged 

relaxation, fluctuations were detected. Distinctive states of nucleolar mechanics and appearance were 

observed: oocytes of NSN-type had a freely moving nucleolus through the whole volume of germinal 

vesicle, but SN-oocytes had nucleoli attached to the nuclear envelope. Four patterns of nucleolar motion 

were described for oocytes of NSN-type. In general, nucleoplasm of GV-oocytes showed anisotropic 

properties. Understanding of nuclear mechanics within oocytes can facilitate the introduction of new 

criteria for non-invasive estimation of developmental competence based on the mechanical properties 

of intranuclear space.  

 

 
 

Figure 1(a,b,c,d). (a,b) Amplitudes of nucleolar displacement; (c,d) Two types of relaxation curves 

depending on the mode of displacement 
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Abstract. To create a system for screening cells in a microfluidic chip, a key role is played by 
the method of controlling fluid flows in the chip to form droplets. This is due to the fact that it 

is required to obtain monodisperse drops, place cells in them and be able to manipulate such 

microcapsules. For these purposes, the method of using a pressure controller is poorly 

understood and promising. In this work we investigated the conditions for reproducible 

generation of water-in-oil emulsions in the microfluidic chip by the pressure control mode of 

fluid flows. Also we study the possibility of packaging cells in these emulsions and their 

sorting. 

In the middle of the 20th century [1] it was first proposed to study individual cells located in 

aqueous drops in oil. However, only the development of droplet microfluidics allowed to achieve a 
stable and reproducible formation of monodisperse drops with a volume of 1-100 pl., suitable for 

quantitative research. Microfluidics enables to generate stable emulsions with controlled sizes and 

with high forming rate (0.1 to 10 kHz (drops per second) or higher) to perform a large number of 

experiments. Also it is possible to create conditions for the isolation of single cells in drops by 
generating emulsions of small volumes [2]. In contrast to the classical methods, this provides a huge 

potential for efficient cell screening [3]. 

To create a system for screening cells in a microfluidic chip, a key role is played by the method of 
controlling fluid flows in the chip to form droplets. This is due to the fact that it is required to obtain 

monodisperse drops, place cells in them and be able to manipulate such microcapsules. As a simple 

solution and commercially available tools, syringe pumps is usually used to solve this aims. However, 
syringe pumps are typically operated open loop, specifying a particular rate at which the syringe is 

actuated, directly controlling the flow rate through the chip. While the mean flow rate for a period of 

time can be very accurate while using syringe pumps, the transient flow through the system is pulsed, 

with the pressure fluctuating over time within the chip. Additionally, syringe pumps have long 
response times, which limit their use in microfluidic studies requiring dynamic flow profiles [4,5]. 

They are also incompatible with a valve-based closing system and closed microchannels. At the same 

time, there are suitable alternative methods for controlling pressure of liquids, which have been little 
studied in application with systems for screening cells in microchips. 

The aim of this work is to study the conditions for reproducible generation of water-in-oil 

emulsions in the microfluidic chip by the pressure control mode of fluid flows. And also we study the 
possibility of packaging cells in these emulsions and their sorting. 

In experimental studies we have used microfluidic chips (polydimethylsiloxane, glass), manufactured 

by the "soft lithography" method [6]. The formation of the emulsion was carried out as follows: 

dispersed phase (aqueous medium) was supplied through the central channel, and continuous phase 
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(mineral oil) - through two side channels, thereby compressing and focusing the flow of the dispersed 

phase. In specific hydrodynamic conditions due to instabilities this leads to the formation of the 

emulsion [7]. By controlling the ratio of pressures of the dispersed and continuous phases, it is 

possible to obtain an emulsion with desired characteristics (for example, drop diameter). To predict 
coalesce of the emulsion, the presence of a surfactant in oil is necessary. 

The experiment data of the dependence of the diameter of water emulsions in mineral oil on the 

ratio of water to oil pressures at the different concentrations of Abil EM180 surfactant in oil (3%, 
4.3%, 5%) showed that the diameter of the emulsions is independent of absolute water and oil 

pressures, but depends only on their ratio. Controlled generation is observed at the ratio range from 

0.55 to 0.95. It was found that the droplet size of the emulsions lies in the range from 5 μm to 160 μm. 

The amount of the surfactant significantly affects the size of emulsions. If the surfactant concentration 
increase to 5% then the droplets diameter doubles. There are generation modes where the droplet 

formation occurs in several rows. 

The measurements of the droplet generation frequency as a function of water to oil pressure ratio 
for different amounts of the surfactant showed that the frequency depends on the absolute values of the 

water and oil pressures. 

To create a method for packing single cells into drops, a model cell line of human chronic myeloid 
leukemia K562 was used. The experiments have shown that the probability of packing cells in droplets 

is described by Poisson statistics. In addition, it was experimentally shown that the emulsion droplets 

can be directed from one channel to another by dielectrophoresis at 25 V / μm electric field intensity, 

which can be used to sort them by fluorescence signal.  
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Abstract.Time-resolved fluorescence kinetics of FAD under excitation by picosecond laser pulses at 452 nm has                             

been studied. Fluorescence lifetimes, weighting coefficients, polarization anisotropy, and                 
rotational diffusion times were determined in water-methanol solutions with various methanol                     
concentrations. In aqueous solution FAD demonstrated two excited state lifetimes of 4.19±0.14                       
ns and 2.13±0.18 ns with a weighting coefficient ratio of about 0.6. The parameters in 20%                               
methanol solution were close to those in aqueous solution, while at 40%, 60% and 80%                             
methanol concentrations the excited state lifetimes shortened and became closer to each other.  

1. Introduction 
FAD (flavin adenine dinucleotide) is an important fluorescent probe that is contained naturally in cells                             
of living organisms and is responsible for regulation of redox reactions. Therefore, investigation of                           
FAD fluorescence in living cells allows for determination of essential information on cell behavior in                             
norm and pathology and for development of the methods of early diagnostics of socially important                             
diseases. The fluorescence parameters of FAD were investigated by means of picosecond laser excited                           
polarized fluorescence spectroscopy in aqueous and water-methanol solutions containing 20%, 40%,                     
60%, and 80% of methanol. 

2. Experimental Approach 
The experimental setup was similar to that described in detail in our recent paper [1]. A quartz cuvette                                   
containing FAD solution was illuminated by pulsed radiation of a semiconductor laser at 452 nm with                               
pulse duration of 30 ps and repetition rate of 2 MHz. The laser beam was vertically polarized. Emitted                                   
luminescence was collected at the right angle to the laser beam and then spectrally resolved by a                                 
monochromator MDR-12 (LOMO) at several wavelength bands centered at 510, 520, 530, 550, and                         
570 nm. A thin-film dichroic polarizer was placed in front of the monochromator input slit. The                               
polarizer axis was fixed either along vertical, or horizontal direction, thus providing the analysis of the                               
luminescence polarization. The luminescence from the monochromator output slit was detected by a                         
photomultiplier (H10682-01, Hamamatsu). Time-resolved fluorescence decay curves were recorded                 
successively at the vertical and horizontal positions of the polarizer axis by a time-correlated single                             
photon counting (TCSPC) module (PicoHarp 300, PicoQuant). FAD was dissolved in water and in                           
water-methanol mixtures (20%, 40%, 60%, 80% methanol solutions) at a concentration of 60 µM. The                             
time-dependent experimental signals related to the vertically (Iy) and horizontally (Ix) polarized                       
fluorescence components were fitted using known convolution expressions: 
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where is a channel sensibility coefficient, IRF(t’) is an instrument function, τn are excited state  K                              
lifetimes, (τrot)k are rotation diffusion times.  
 

3. Results and Conclusions 
The fluorescence parameters obtained from fit are summarized in Table 1. As shown in the table FAD                                 
in the aqueous solution demonstrated at various fluorescence wavelengths a double-exponential                     
isotropic and a single-exponential anisotropic decay behaviors with almost the same characteristic                       
times: the excited state lifetimes of about 4.19 ns and 2.13 ns, weighting coefficient ratio of 0.6 and                                   
rotation diffusion time of 0.26 ns. These values are in a good agreement with those reported recently                                 
elsewhere [2]. The experiments with water-methanol mixtures were carried out at a single fluorescence                           
wavelength of 530 nm. The characteristic times of FAD in 20% methanol solution were close to those                                 
obtained in aqueous solution, while in 40%, 60% and 80% methanol solutions the excited state                             
lifetimes had shorter values but close to each other. 
 

TABLE 1. Fluorescence parameters 

Wavelength, 

nm 

τ1, ns, ± 

0.14 

τ2, ns, ± 

0.18 

a1/a 2, ± 0.06  r, ± 

0.03 

τrot, ns, ± 

0.03 

510  4.25   2.15   0.58   0.34   0.27  

520   4.15   2.07    0.61    0.35   0.24  

530   4.15    2.14    0.62   0.35   0.24  

550  4.16    2.15    0.63    0.35   0.26  

570  4.24    2.14  0.60   0.33  1.27  
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Abstract.  A novel pump-probe method has been developed to study anisotropic relaxation and 

energy transfer in excited states of polyatomic molecules excited by femtosecond laser pulses. 

The method was used to study the rotational diffusion and anisotropic vibrational relaxation of 

NADH with a temporal resolution of about 0.6 ps at several pump and probe wavelength. The 

rotational diffusion times and anisotropic vibrational relaxation times were determined. The 

method developed allows for practically noninvasive monitoring of anisotropic relaxation in 

excited states of biological molecules at laser pulse energies less than 1 nJ.    

1. Introduction 

 

Nowadays the anisotropic relaxation in polyatomic biological molecules is successfully studied by either 

polarized fluorescence spectroscopy [1], or transient monitoring pump-probe methods [2]. The transient 

monitoring methods realized in the femtosecond time domain allowed to achieve the highest temporal 

resolution for investigation of energy transfer processes and photoisomerization of biomolecules [3], 

however till now all these methods required a relatively high laser pulse energies of about a few mkJ 

that could result in damaging the cells in the conditions of in vivo experiments. Also, all the methods 

suffered from a significantly large level of high frequency noise that was mainly due to instability of 

laser pulse. In this paper we report the development of a new anisotropy pump – probe method to study 

fast nonradiative anisotropic relaxation and energy transfer in the excited states of polyatomic biological 

molecules upon their excitation by femtosecond laser pulses. The method was used to study rotational 

diffusion and anisotropic vibrational relaxation of the reduced form of NADH (nicotinamide-adenine-

dinucleotide) in solutions at various pump and probe wavelength. The method allows to reach the 

subpicosecond temporal resolution at laser pulse energies less than 1 nJ and to enhance significantly the 

accuracy of transient polarization-sensitive measurements.  

 

2. Experimental method  

We used a two-color pump-probe scheme where pump and probe pulses were generated by a Ti:Sapphire 

oscillator with pulse duration of about 100 fs and repetition rate of 80 MHz. The second harmonic of 

the laser output was used for pumping of NADH and the fundamental harmonic was used for probing. 

The wavelength of the probe beam was tuned form 720 nm to 800 nm with a step of 20 nm, and the 

pump beam wavelength was adjusted from 360 to 400 nm.  The pump pulses promoted the transitions 

to the first electronic excited state of NADH that refers to the nicotinamide chromophore group and the 

probe pulses delayed with respect to the pump pulses by a time Δt were used for monitoring of the 

excited state dichroism as a function of time after excitation. The pump and probe beams co-directionally 

propagated along X axis. The pump beam polarization plane was modulated with a frequency of 100 
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kHz, between vertical (Y) and horizontal (X) directions using a photoelastic modulator and the probe 

beam polarization was adjusted at 45° with respect to the direction Y. Absorption of the pump beam 

polarized photons resulted in predominant excitation of the molecules with their axes aligned along the 

pump beam polarization direction. Therefore, the produced excited molecules axes alignment 

periodically changed its direction in space at 100 KHz with respect to the pump beam polarization 

rotation. Propagating through the sample the probe beam promoted absorption transitions to high laying 

molecular excited states, besides the transitions intensity depended on the angle between the probe beam 

polarization and the molecular axes alignment. Consequently, out-phase oscillations of the X and Y 

probe beam polarization components transmitted through the sample at 100 KHz were observed. These 

two orthogonal probe beam polarization components were simultaneously and independently detected 

by two photodiodes. The detected signals Ix and Iy were transmitted to two inputs of a differential 

integrator and the obtained differential signal Ix-Iy modulated at 100 kHz was analyzed by a lock-in 

amplifier. The differential signal Ix-Iy was recorded as a function of the delay time Δt  between the pump 

and probe pulses.  In fact, the recorded signals were due to the linear dichroism of the NADH solution 

induced by linearly polarized pump light. The balanced detection scheme used combined with the highly 

sensitive modulation scheme allowed for significant reducing of the excessive noises caused by the 

instability of laser pulses amplitude and density fluctuations in solution. 

3. Results and discussion  

The obtained experimental signals contained the contributions of a number of relaxation processes at 

different delay times. These are: nonlinear multiphoton excitation at delay times less than 3 ps, 

anisotropic vibrational relaxation at delay times of about 10 ps, and rotational diffusion with 

characteristic times of about 100 ps. As shown the rotation diffusion time determined from experimental 

data was independent on the excitation wavelength in the range 360 to 400 nm and found to be τrot= 

218±15 ps that is a good agreement with the result obtained in our previous polarized fluorescence 

experiments [1].  The analysis of experimental signal at shoter delay time was carried out, as a result the 

anisotropic vibrational relaxation times were determined for the first time. A theoretical model has been 

developed that describes the processes of vibrational anisotropic relaxation of NADH in solution.  
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Abstract 

In the work composite films based on chitosan and single-walled carbon nanotubes (0.01%, 0.1%, 0.5% 

and 1%) were obtained. The electrical and mechanical properties of the composite films were measured. It 

was shown that a film with 1% SWCNT has sufficient electrical conductivity and optimal mechanical 

properties for the bioactivity of a culture of human dermal fibroblasts. It has been established that treating 

a film in a corona discharge changes the structure of the film and increases the adhesion and proliferation 

of human dermal fibroblast cells. 

1. Introduction 

The study of cell behaviors on biomaterials surface is of paramount importance because it can reveal 

many physiological and pathological events and eventually guide the design of biomaterials with better 

performance in tissue regeneration. Chitosan (CS), a promising biomaterial that by itself presents 

outstanding properties, revealed to improve the nanotechnology field when reinforced with various other 

nano-sized fillers. In the presence of fillers like single-walled carbon nanotubes (SWCNTs), enhanced 

mechanical, thermal and conductive properties are achieved.  

In addition, it is known that non-thermal effects of gas discharges have proven to be very useful in the 

treatment of different biomaterials and in tissue engineering. Cold atmospheric plasma (CAP) is very far 

from thermodynamic equilibrium. Particularly, the electron temperature is about 10 000 K and significantly 

exceeds the gas temperature, which is close to room temperature. Besides that, cold plasma is a source of 

energetic and chemically active species (e.g., electrons, ions, excited atoms, and radicals). Owing to these 

features, CAP is used in the treatment of polymers and other temperature-sensitive materials. 

2. Materials and Methods  

Composite films were prepared from 4% chitosan (Biolog Heppe GmbH, Germany, Mm=1.64 x105, 

DD=92%) solutions containing SWCNTs (Carbon Chg, Russia) in 2% acetic acid solution. The content of 

SWCNTs with respect to chitosan was 0,01; 0,1; 0,5; 1 wt. %. Before the addition of chitosan, a suspension 

containing SWCNTs was dispersed to uniformly distribute particles throughout the volume. This was done 

using (1) an ultrasonic bath Sapphire for 30 min at a frequency of 35 kHz and power of 190 V; (2) an 

ultrasonic generator IL10-0.63 for 7 min at a frequency of 25 kHz and power of 630 V. The composite 

films were prepared according to [1].  

A custom-designed portable CAP generator was used for polymer composite samples’ processing. In 

contrast to a number of known types of plasma sources, this generator produces a stable air plasma using a 

self-sustained corona discharge of positive polarity (input voltage is 5.3 V while the output is about 15-16 

kV, discharge current amplitudes are ranging from 10 up to 80 mA with a repetition rate of several tens of 

kilohertz, the average discharge current is about 100 – 150 μA). In the experiment, the samples were 

processed by the CAP at a distance of 1 cm for 10 min. 

3. Results 

The electrical conductivity of films was studied in isothermal conditions at 25oC. The currents were 

measured using a picoammeter A2-1 with a two-electrode system. The sensitivity of the picoammeter A2-

1 is 10-15A. The measurement error of current is 1%. The films were coated with platinum. The diameter of 

the electrodes was 16 mm. The charging currents were measured on constant voltage 10V, electrical field 

strength was ~2.5*105V/m. The time of current measurement was 1 minutes. The film with 1% SWCNT 

content was measured using four electrode systems (Fig. 1). 

The wetting angles chitosan films filled with SWCNTs at a concentration of 1 wt% with respect to 

chitosan were measured without treatment and after treatment CAP. Processing with CAP leads to a 
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decrease in the hydrophobicity of the films: the wetting angle of the composite films decreases from 68 ° 

(before processing) to 61 ° (after processing). The values of the mechanical properties of chitosan-based 

composite films are obtained depending on the concentration of SWCNTs in the composition (table 1). 

 

 

 

 

  

 

 

 

After cell attachment, human dermal fibroblasts seeded on film matrices and cultural polystyrene surface 

(control) were incubated in culture medium at 37oC in a humidified 5% CO2 incubator for 4 days. Studies 

of the viability and proliferation of the cells in the samples were performed using the MTT test.  

 
 

 

 

 

The proliferation rate of cells (for 4 days) on treated film matrices was found to be greater than on 

untreated film matrices (Fig. 2). It has been shown that the filler addition and CAP treatment increase the 

conductivity of the composite material. By changing the conductivity, it is possible to obtain matrices with 

different bioactive properties. 

 

4. Acknowledgments 

 This work was supported by the Russian Science Foundation, project no. 19-73-30003. 

References  

1. Natalia V. Smirnova, Konstantin A. Kolbe, Elena N. Dresvyanina, Sergey F. Grebennikov, Irina P. 

Dobrovolskaya, Vladimir E. Yudin, Thomas Luxbacher and Pierfrancesco Morganti  Effect of Chitin 

Nanofibrils on Biocompatibility and Bioactivity of the Chitosan-Based Composite Film Matrix Intended 

for Tissue Engineering // Materials. 2019, 12, 1874; doi:10.3390/ma12111874. 

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

Untreated Treated Control

A
b

so
rb

a
n

ce
 5

7
0

 n
m

МТТ

 

 

 Tensile 

strength, 

MPa 

Elastic 

modulus,  

GPa 

Tensile strain, 

% 

CS 128,512 4,70,12 20,46,9 

CS+0,1%SWCNT 109,112 3,90,37 20,97,3 

CS+0,5%SWCNT 141,10,3 4,81,1 30,55,8 

CS+1% SWCNT 112,315 4,40,16 19,46,5 

Figure 2. Human dermal fibroblast  viability and 

proliferation on surfaces of film matrices and cultural 

polystyrene surface (control) as determined by MTT assay 

Figure 1. Volume resistivity of 

chitosan-based composite films filled 

with SWCNTs 

Table 1. Mechanical properties of chitosan-based composite films  
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Abstract. In this work an RNase III deletion mutant of the facultative phototrophic α-proteobacterium 
Rhodobacter sphaeroides was characterized. The aim of this study was to identify differences in phenotype and 

RNA physiology between wild type and mutant, which can be explained by a loss of RNAse III activity. We 

analyzed the growth behaviour of the mutant and the wild type under different growth conditions, including 

microaerobic and phototrophic mode of growth. As Rhodobacter sphaeroides is known for its metabolic 

versatility, we were also interested in regulation of the transcriptome. To investigate the influence of RNase III 

on gene expression we performed RNA seq, Northern blot and qRT-PCR experiments. The results suggest that 

deletion of the RNase III coding gene (rnc) strongly impacts phenotype and transcriptome in Rhodobacter 

sphaeroides. 

1. Introduction 

As bacteria are exposed to an ever-changing environment, they have evolutionarily developed 
complex regulatory networks to adapt their proteom to different environmental conditions. At the 

same time, protein biosynthesis is one of the most ressource- and energy intensive biological processes 

in all living organisms [1]. Therefore, bacteria use different exo- and endoribonucleases to regulate 
gene expression quickly by degrading transcripts that are no longer needed. RNase III is a highly 

conserved dsRNA processing endoribonuclease. Previous studies have shown that RNase III plays a 

crucial role in RNA metabolism, by regulating the abundance of rRNAs, structured mRNAs and 

regulatory ncRNAs [2; 3]. 
 

 

                           

Figure 1(a, b). (a) Photo of microaerobically grown culture samples during mid exponential growth 

phase; (b) Extracted pigment amounts of wild type (dots) and Δrnc mutant (squares). 

(a) (b) 
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The deletion mutant and the wild type of R. sphaeroides were cultivated under microaerobic and 

phototrophic conditions. Interestingly, a weaker pigmentation of the mutant was observed during 

microaerobic cultivation. To investigate the differences in pigmentation level, the pigments of both 

strains were extracted via formaldehyde/methanol extraction and photometrically quantified. In 
addition, full cell absorbance spectra were measured. The results indicate that pigment synthesis in 

general and especially synthesis of the photosynthetically active pigment-protein complexes is 

impaired in the Δrnc mutant strain of R. sphaeroides.  

 
Figure 2. Full cell absorbance spectra. The absorbance spectra were measured under microaerobic 

conditions of biological triplicates from wild type and the Δrnc mutant strain. The data was 

normalized to the absorbance660 nm after calculating mean values of the triplicates. Characteristic 

absorbance peaks of the light-harvesting complexes (LHC) I & II, as well as for the reaction center, 
are marked with arrows. 

To conclude the results, the Δrnc mutant strain of R. sphaeroides 2.4.1 showed clear differences in 

phenotype of pigment production in comparison to the wild type. Moreover, an alteration in the steady 
state level of several transcripts coding for photosynthesis genes was observed in this mutant. 

Especially the expression of the puf genes (encoding the proteins of LHC I and the reaction center) 

were shown to be down regulated on RNA level in the mutant strain, which could be responsible for 
the impaired synthesis of photosynthetically active pigment-protein complexes. 
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Abstract. Multi-electrode microprobes fabrication process based on silicon substrate was 

developed using surface micromachining and anisotropic wet etching. The process flow 

consists of 19 main operations, including 5 lithography steps using 5 photomasks. The 

minimum size of the elements is 2 μm. Experimental studies were carried out for some 

operations. As a result, the neural probe structures including two microprobes and electrical 

interface of 10 electrodes were fabricated. 

1. Introduction 

Neural probe is a highly informative instrument of brain activity study [1-3]. It is currently can be used 

for the formation of brain-computer interface and diagnosis of brain diseases in clinical settings [3]. 

The typical design includes a neural probe body, microprobes and electrical interface. One of the main 

problems in the use of neural probes is a damage of brain tissue during implantation of microprobes. 

Negative consequences are possible to decrease by reducing the overall dimensions of the probe to the 

microlevel. This can be done using bulk and surface micromachining [4,5]. However, microprobe 

materials should have enough margin of safety to withstand the mechanical stresses that arise when 

the probe is inserted and removed. Silicon is the main structural material of microprobes despite the 

inherent brittleness [1-3]. Devices based on it can be inserted to a greater depth, in comparison with 

polymer structures. The desire for a minimally invasive action and more precise positioning 

determines the need to improve neural probe concerning both its design and technological process. 

The purpose of the work is to develop the fabrication process of a minimally invasive multi-

electrode microprobes using surface micromachining and anisotropic wet etching of silicon. 

2. Experimental details 

The development of the fabrication process was carried out to implement the typical structure of a 

neural probe based on monocrystalline silicon. The structure includes a neural probe body with 

microprobes and a multichannel electrical interface isolated by a dielectric layer. 

Monocrystalline silicon substrate (100) n-type with a thickness of 420 μm was used. The topology 

of layers on the front and back sides of the substrate was formed by photolithography using masks of 

silicon oxide and positive photoresists. The electrical interface was formed by lift-off lithography 

using LOR/Ultra i photoresists. The masking and isolation layers of silicon oxide were formed by 

plasma enhanced chemical vapor deposition and rapid thermal annealing [5]. Silicon oxide was etched 
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in buffer solution (HF (49%) : NH4F (40%) = 1:6) [6]. Anisotropic etching of silicon was carried out 

in a solution of potassium hydroxide at a temperature of 80 °C. 

A set of photomasks with cells from pairs of counter-directed probes suspended on a frame was 

designed and used to implement a special case of neural probe structures. 

3. Results 

The fabrication process based on 5 photolithography steps and includes 19 main operations like 

substrate cleaning, thermal oxidation, plasma-chemical deposition of silicon oxide and silicon nitride, 

rapid thermal annealing, plasma-chemical etching of silicon oxide and silicon nitride, wet isotropic 

and anisotropic etching of silicon oxide and monocrystalline silicon, electron-beam metal deposition 

and profiling structure by focused ion beam. The technological operation modes were determined. 
A series of neural probe structures with two microprobes was produced. The thickness probe and 

midline width were 30 - 50 μm, 60 - 70 μm, respectively. The length was not more than 5 mm. The 

anisotropic nature of the silicon etching process determined the trapezoidal cross-sectional shape of 

the beams. The electrical interface of the neural probe was represented by 10 electrodes. 

 

4. Conclusion 

The fabrication process of microprobes for the study of brain activity was developed. The series of 

samples of neural probe structures with 10 electrodes was fabricated. The thickness and midline width 

of each probe were 30 - 50 μm and 60 - 70 μm respectively. The results of the work can be used for 

development and fabricating of multielectrode neural probe with a different number of microprobes. 
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Abstract. In this paper, we improved the impedance-spectroscopy based patch-clamp
technique by using high frequency-resolution impedance measurements. It was shown, that
the proposed method gives the possibility to identify a cell membrane structure and monitor its
properties. The obtained results could find the application in modern cytology and biophysics.

1. Introduction
In the last few decades, the patch-clamp technique has become the definitive technology for
investigating the electric properties of cells [1]. Particularly, the data it provides is useful for
studying ion channels and membrane conductivity. The standard application of this method
consists of measuring the current passing across a membrane caused by applying DC voltage to
a clamp pipette (usually, the “whole-cell” configuration is used). The changes in the current are
then could be used, for example, to evaluate the time during which ion channels were open and
close.

Applying to patch-pipette the AC voltage instead of DC voltage and studying the current
frequency dispersion [2] – the so-called patch-clamp impedance spectroscopy (PCIS) – can
provide more detailed data about the properties of the membrane such as conductivity and
permeability. An example of such implementation is a recent study regarding how neuronal
impedance changes upon membrane deformation [3]. However, usually in PCIS low-frequency
resolution is used, and applying modern high-resolution impedance measuring techniques can
significantly enhance the results of PCIS. For this reason, in this study, we have shown the
benefits of high-resolution PCIS for determining cell membrane structure.

2. Materials and Methods
For providing the PCIS measurements the patch-clamp amplifier EPC-8 (HEKA, Germany)
connected with L-Card ADC (L-Card, Russia) was used. The impedance measurements were
provided using sweep-shape excitation AC voltage (from 2 Hz to 10 kHz with 2 Hz step, 5-mV
peak-to-peak amplitude). Impedance spectra were calculated with the Fourier transformation
technique based on fft routine in Matlab package. The spectra analysis was performed also in
Matlab with a complex non-linear least-squares approach [2].
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As a biological object, the CHO cell-line expressing proton-activated homomeric ion channels
ASIC2a was used. As receptor activators, two solutions with different pH (4.5 and 7.4) were
added to the cells with the Perfusion system ALA-VM8 (ALA Scientific Instruments, USA).

(a) (b)

Figure 1. The Nyquist plots of the CHO cells with closed channels (a) and opened channels (b).
The green squares are denoted experimental data, and red line corresponds to double RC-circuit
admittance for panel (a), and to single RC-circuit admittance for panel (b).

3. Results and Conclusion
The obtained results are presented in Fig. 1. One can see that in the case of the closed channels
[Fig. 1(a), pH 7.4] the two arcs on the Nyquist plot are observed. Such a picture is typical
for a system with two parallel RC-circuits. Contrary, on the plot Fig. 1(b) (pH 4.5), which
correspond to open channels case, only one arc can be found, thus only one RC-circuit is needed
to describe the spectrum. These effects allow us to consider a cell membrane as a two-phase
structure – the pH-independent one, associated with the lipid bilayer, and pH-dependent one,
related to ion channels. Furthermore, contrary to the standard patch-clamp technique, PCIS
can discern both these phases. This result opens a direct path for the simultaneous measurement
of the different cell membrane electrical characteristics. Therefore, it can provide a solution for
actual cytology and biophysics problems.
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Abstract. 
A new highly efficient method for gas-thermal oxidation of VT6 bioinert titanium alloy with a 
dosed feed of TiO2 / ZrO2 ultrafine particles into the treatment zone has been developed. A 
physical model for the formation of thin-film oxide heterostructures modified with TiO2 / ZrO2 
powders has been developed. A set of physicomechanical properties and surface characteristics 
of oxidized titanium samples was experimentally studied. Electron microscopic studies and 
microhardness measurements of the synthesized film coatings were performed. A high-tech 
electric furnace device has been developed for implementing the process of gas thermal 
oxidation with the simultaneous dosed supply of small-sized powder materials into the working 
chamber of the furnace. 

1. Introduction 
Thin-film oxide coatings of intraosseous implants, created by electrochemical and gas-thermal 
oxidation, protect the metal base from the corrosive effects of body fluids (blood, lymph, tissue fluid). 
Oxidized implants do not cause prolonged allergic reactions of the body and do not have a 
toxicological effect on the surrounding biostructures [1, 2]. This refers to the main indicators of 
biocompatibility of implantable structures. 
High strength of fixation of oxidized implants in the bone is ensured by the creation of oxide coatings 
with the ability to effectively physico-mechanical adhesion to the surrounding biological tissue. This 
ability is due to the presence of pronounced roughness and morphological heterogeneity in the 
coatings. The structurally heterogeneous, microporous surface of the coatings provides better contact 
bone growth with more intense tissue reactions compared to a surface having a smooth, uniform 
microrelief. Therefore, the developed oxidized surface contributes, firstly, to the active growth of bone 
cell structures in the pores and depressions of the oxide layer with the course of the implant bio-
integration, and secondly, to directed bone regeneration and accelerated osteogenesis. 
 
2. Methodology 
Samples for the preparation of thin-film oxide coatings were rectangular plates with a working surface 
area of 2 cm2 and a thickness of 2 mm. Samples were made from bioinert titanium alloy VT6. The 
surface of the plates was sandblasted with Al2O3 corundum abrasive particles with a dispersion of 250 
μm at a pressure of an air-abrasive jet of 0.67 MPa for 30 seconds to create the initial microroughness. 
After preliminary sandblasting, the samples were ultrasonically cleaned in an alcoholic washing 
solution at a frequency of ultrasonic vibrations of 22 kHz for 3 minutes to remove any greasy 
contaminants. Then, on the surface of titanium samples, a thin-film oxide coating was synthesized by 
gas thermal oxidation in an electric furnace with an air atmosphere. The oxidation mode provided for 
thermal modification of the surface at furnace temperatures of 400 and 450 °C with a holding time of 
1.0 and 1.5 hours at each temperature. In the process of oxidation, nanosized and ultrafine powders of 
biocompatible and corrosion-resistant oxides were metered into the furnace. In the first experiment, 
TiO2 oxide particles with a dispersion of the order of 25 nm were supplied. In the second experiment, 
ZrO2 oxide powder with a dispersion of 20–30 μm was dosed. After gas thermal synthesis of thin-film 
ultrafine films with distributed TiO2 or ZrO2 particles, the surface of the modified titanium plates was 
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studied by scanning electron microscopy, profilometry, X-ray phase analysis, and microhardness and 
thickness measurements.     
 
3. Results 
A physical model has been developed for the structure formation of thin-film oxide coatings under the 
conditions of the reaction interaction of titanium samples with an oxygen-containing medium and 
during the spraying of oxide fine powders. 
Powder material (TiO2 or ZrO2) is fed into the oxidation chamber through a metering device. Heated 
particles of the powder material are deposited and fixed on the thermally activated surface of the 
samples due to thermal diffusion processes. As a result, the oxidizable surface is modified and 
acquires enhanced physical and mechanical characteristics and protective properties. The thickness of 
such composite structures is 4-30 μm. 
Modification of oxide coatings by nano- and ultrafine particles of TiO2 / ZrO2 during coating 
formation leads to the formation of oxide heterostructures (composites) with a matrix microstructure 
and a filler of nanoparticles of a powder material. Using the developed method, it is possible to 
simultaneously supply an oxidizing gas medium and powder materials. This makes it possible to 
obtain multifunctional metal oxide coatings in various reaction media (air atmosphere, superheated 
water vapor, argon-oxygen mixtures). The coatings created are characterized by a certain 
heterogeneity of the structure, the dimension of the elements of which is in the ultrafine and nanoscale 
ranges. It has been experimentally established that coatings with distributed particles of TiO2 / ZrO2 
modifying powder can significantly increase the biological compatibility of the surface of titanium 
intraosseous implants.  
 
4. Conclusions 
A new method for the synthesis of thin-film heterostructured oxide systems based on VT6 medical 
titanium alloy has been developed, which provides for thermal oxidation in air with a dosed supply of 
ultrafine TiO2 / ZrO2 powders. Specialized electric furnace equipment has been created for gas thermal 
oxidation of titanium medical implants with the possibility of dosed supply of modifying powder 
materials into the furnace.  
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Abstract. Stable biocompatible nanosuspensions of superparamagnetic iron oxide particles 

(SPIONs) for theranostics were prepared according to two laboratory technologies. 

SPIONs were synthesized by coprepicitation of Fe+2, Fe+3 solutions in alkaline 

nanoemulsion media. Hyaluronic acid coating was used for enveloping SPIONs for 

delivery through epidermis.  Ternary system of oil, water and surfactant with addition of 

some amounts of hyaluronic acid was used as base for the transdermal delivery. The 

hyaluronic administration into magnetic nanosuspensions stimulates the formation of 

stable emulgel structure. The SPIONs can be focused via magnetic field through tissue and 

monitored by MRI and MPI methods. 

 

 

1. Introduction 

Biocompatible superparamagnetic iron oxide nanoparticles (which are referred to as SPIONs) with 

proper surface architecture and conjugated targeting ligands/proteins have attracted a great deal of 

attention for MRI and drug delivery applications. However, in order to effectively use SPIONs, 

one has to develop a biocompatible capsule that can take the particles through the patient’s body 

to wherever the target is. Magnetic nanoparticles need to be stabilized to prevent sedimentation, 

aggregation and possible negative response from the body. It would be ideal to synthesize a stable 

suspension with micelles, which contain SPIONs. Different approaches of stabilizing metal 

nanoparticles in emulsions were proved to be efficient. For example, when using an inverted 

microemulsion there would be no aggregation due to sufficient particle repulsion. The mobility of 

the molecular layer around the particles can be manipulated by choosing the correct surfactant. By 

picking the emulsion as media there will be a great variety of reagents to achieve needed 

biocompatibility and other characteristics. In general, SPIONs are recognized by the innate 

immune system and can be cleared by mononuclear phagocyte systems. Some nanocarriers 

undergo rapid clearance due to activation of the complement immune system. The formation of 

hydrophilic polymer coat around nanoparticle reduces the destruction of SPIONs in tissue and 

bloodstream. Hyaluronic acid and its salts don’t trigger such intense immune response and can be 

used as a defense shell of SPIONs. In this case the acid is used to achieve better biocompatibility 
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and SPION delivery. It is known to affect the permeability of the skin, and also is biodegradable. 

The goal of this work was to synthesize stable and biocompatible systems including 

superparamagnetic iron oxide particles (SPIONs) for theranostic uses. 

 
2. Experimental methods. 

Two methods of SPION synthesis were chosen. The first one is based on Massart methodic: 

magnetite is formed in water media by combining a mixed solution of Iron (II) sulfate and Iron 

(III) chloride (1:2 molar ratio) with ammonium hydroxide in a closed reactor under 80°C and inert 

N2 atmosphere. The resulting particles were then rinsed, pulse-sonicated with 22 KHz ultrasound 

and dialyzed. Those treatments ensure particle low particle size dispersion and purity of their 

suspension. Then, the suspension of nanoparticles in water was combined with the solution of 

nonionic Tween-80 surfactant in non-polar media and 2% water solution of modified hyaluronic 

acid and pulse-sonicated again. For this work, several oil media were chosen based on their toxicity 

and micelle formation: mineral oil, peach oil and tridecane. Modified hyaluronic acid was prepared 

by mixing sodium hyaluronate (NaHA, 200-400 kDa) with NHS and EDC regents in water under 

magnetic stirring, and then adding this mixture to the GMS (glyceride monostearate) gel (dry GMS 

heated with low amounts of water). Second method was based on using nanoemulsion micelles as 

a reactor for magnetite forming. For synthesis purposes, several solutions were prepared: a 25% 

solution of surfactant in the iron salts mixture, in ammonium hydroxide solution and in 2% 

modified HA. Then, the solution containing iron was mixed in oil media (1:4 ratio) to form inverted 

micelles under stirring. Ammonium solution was added dropwise to the emulsion, which started 

to form micelles with magnetite. At last, the HA solution was added to coat micelles with modified 

HA. 

3. Results and discussion. 

The prepared nanoparticles were in superparamagnetic state as follows from the absence of 

appreciable magnetic hysteresis. Nanoemulsion samples were stable during two weeks. The 

presence of large magnetic moment was confirmed by measurement of magnetic relaxation of 

protons at resonance frequency 300 MHz. The nanoemulsion loaded by iron oxide nanoparticles 

can be considered a magnetic ferrofluid. Iron oxide nanoparticles shorten the spin-spin relaxation 

time from seconds to 1 ms and provides contrast of MRI images in a phantom study. Introduction 

of HA leads to a slight rise of viscosity and higher amounts of solubilized water. The mobility of 

the molecular layer was proved by magnetophoresis of the Fe3O4 nanoparticles under the influence 

of constant Nd magnet. In result, we have a stable biocompatible nanoemulsion loaded with 

superparamagnetic iron nanoparticles, which can be introduced transdermally and targeted via 

magnetic field. 
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Abstract. The mechanisms underlying the sensory activity of silver clusters synthesized on 

oligonucleotide matrices were not understood yet. It is known that close proximity of cytosine 

and guanine rich sequences causes color changes in the luminescence of clusters. We 

conducted spectroscopic and mass-spectrometry experiments and consider that this effect 

occurs due the cluster environment changes which causes structure rearrangement of the 

nanoclusters. Our results could be useful for further cluster based sensors development. 

Introduction 

Different molecules detection in vitro and in vivo is one of the challenges of modern science. As 

luminescent sensors, chemically synthesized dyes and quantum dots are often used. However, there 

remains a need for new types of sensors, especially those compatible with biological objects. More 

attention in the last decade has been paid to fluorescent silver nanoclusters. They have small sizes, 

high quantum yield and photo stability [1]. DNA serves as a good matrix for silver nanoclusters 

synthesis, in addition, it can bind to other molecules with high specificity [2]. One example of the 

development of sensors based on silver nanoclusters is the so-called g-enhancement. It is known that 

when a guanine-rich sequence is added to a cluster synthesized on a cytosine-rich DNA matrix, cluster 

luminescence is enhanced [3], but the mechanism of this phenomenon has not been fully studied. The 

aim of this work is to shed light at the enhancement mechanism for changing the photophysical 

properties of clusters. 

Experiment 

DNA strands were mixed with Ag+ in Na-P buffer pH 6.6 then freshly prepared NaBH4 were added to 

DNA/Ag+ mixture. Final concentrations were 15uM G-rich/C-rich DNA, 90uM AgNO3, 90uM 

NaBH4, 20mM sodium phosphate buffer for g-enhancement experiment and 2.5uM DNA, 15uM 

AgNO3, 7.5uM NaBH4, 50mM sodium phosphate buffer for DNAx.1/DNAx.2 experiments. 

Absorbance spectra, luminescence spectra and mass spectra were recorded. 

Sequences:  

 DNAx.1     5’-CCCCACCCC*TACCCACCATCACA-3’; 

 DNAx.2     5’-AGGAGTCCTTCTGA ** TCCCGTTTT-3’; 

*: AAA - DNA4.1; AAAA - DNA2.1; AAACA – DNA0.1; ATGGCA – DNAstem.1;  

**: AAA – DNA4.2; CAAA – DNA2.2; CCAAA – DNA0.2; CCCCAA – DNAstem.2. 
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Results and discussions 

А             B  

Figure 1. Schemes of DNA/AgNCs complexes: (A) – g-enhancement, (B) – split DNA sensor concept. 

At first AgNCs was synthesized using C-rich sequence. After G-rich sequence addition, strong red 

fluorescence with emission at 630nm appeared. It reached maximum of luminescence intensity in 1h 

time and then started to decrease. For detailed study of the enhancement mechanism, the nanocluster 

was synthesized using a G-rich sequence, only after that c-rich was added, and a similar red 

fluorescence was observed. Thus, the red cluster is observed only in the presence of both strands, and 

it does not matter in what sequence mix them. 

A similar phenomenon is observed with sequences DNAx.1/DNAx.2. The sequences based on split 

DNA technology [4], were varied. Among all these new developed sequences dna2.1 and dna2.2 are 

seemed to be optimal for emitting green fluorescent cluster formation in the presence of target 

molecule. The synthesis conditions: the buffer type, pH and ionic strength were varied. An absorption 

and luminescence spectra of DNA/Ag complexes were recorded and the fraction distribution of 

clusters was estimated. There were found clusters of several types: a green cluster with 

excitation/emission wavelength parameters – 490 nm/560 nm, an orange 560 nm/620 nm cluster and a 

red 610 nm/700 nm cluster. 

 

Figure 2. Absorption and luminescence spectra of DNA2.1 AgNCs before and after adding DNA2.2 and target 

sequences. 

Conclusions 
We assume that the phenomenon of g-enhancement and the formation of a bright green cluster 

490/560nm on DNAx.1/DNAx.2 can be explained by the same mechanism - the rearrangement of the 

cluster atoms. The optimal conditions for this transformation are found. In the future, this phenomenon 

can be used as a sensor in vitro and in vivo for specific sequence of DNA or RNA. 
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Abstract. The structural organization of DNA in complex with linker histone H1 and non-

histone chromosomal protein HMGB1 in presence of calcium and manganese ions have been 

studied using FTIR and UV circular dichroism spectroscopy. We have demonstrated that the 

presence of calcium ions leads to the formation of highly ordered DNA-H1-HMGB1 

structures, while manganese ions decrease the order in the earlier reported nanoscale 

complexes. 

1. Introduction 

Chromatin of the eukaryotic cells comprises of DNA and variety of nuclear proteins. The most 

abundant nuclear proteins are linker histone H1 and non-histone chromosomal proteins HMGB1/2 [1, 

2]. Both of these proteins interact with DNA and play critical role in the structural organization of the 

chromatin. HMGB1/2 proteins have structural functional motif – HMGB-domain, which is responsible 
for the interactions between HMGB and DNA. HMGB-domain demonstrated ability to form highly 

ordered complexes with DNA [3]. Although the particular role of HMGB proteins remains unclear, 

they were assigned mostly structural functions in chromatin. Earlier we have demonstrated that 

HMGB1 co-operate with histone H1 also forming structurally ordered complexes with linker DNA 

[4]. Here we investigate the effect of calcium and manganese ions on the formation and stability of the 

DNA-HMGB1-H1 complexes reported earlier using UV circular dichroism (CD) and Fourier-

transformed infrared absorption spectroscopy (FTIR). 

2. Results and Discussion 

 

We have studied the conformational changes of DNA upon the interaction with non-histone chromatin 

proteins HMGB1 and H1 in presence of manganese and calcium ions. We have shown that the 

presence metal cations in the DNA-protein system leads to condensation of DNA molecule. The 

interaction of H1 and HMGB1 with DNA resulted in formation of supramolecular structures different 

from DNA-H1 and DNA-HMGB1 binary systems. Calcium ions interact with DNA-binding domain 

of HMGB1 and with phosphate groups of DNA screening their negative changes. Changes in the 

spectra of the DNA bases at 1693 cm-1 (thymine C2=O2) and 1643 cm-1 (cytosine C=O) show 

dominant interactions between DNA and HMGB1, which occur in the minor groove. Weaker 

interactions of the histone H1 in the major groove can also be detected as slight changes in intensities 

at 1678 cm-1 (guanine C=O) as well as those at 1590, 1572, and 1560 cm-1 (guanine C=N and C- 
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ND2). Protein binding is also accompanied by considerable DNA unwinding and bending, resulting in 

distortions in the mutual orientation of the bases. Changes in the sugar-phosphate backbone vibrations 

indicate intensive binding of the histone H1 with phosphate groups and changes in geometry of the 

sugar-phosphate backbone.  

 

 

Figure 1. Circular dichroism spectra of DNA complexes with HMGB1 and histone H1 at different 

concentrations of CaCl2. 

 

The presence of H1 in the Ca
2+

-containing system increases the affinity of HMGB1 to DNA resulting 

in 30-50 times higher circular dichroism of DNA in the complex, compared to its unbound state. 

Similar effect was observed earlier with another HMGB-domain protein, lacking negatively charged 

C-terminal regulatory fragment of HMGB1 [3]. Most likely, Ca
2+

 ions inactivate electrostatic 

repulsion of the negatively charged groups of DNA and the proteins. Manganese ions in contrast bind 

not only to phosphate groups of DNA but also to its nitrogen bases. This interplay leads to weakening 

of the DNA-protein interaction and disrupting the ordered DNA-protein complexes, described earlier 

[4]. At the same time we have observed strengthening DNA-condensation processes and increasing 

level of interactions between H1 and HMGB1 proteins. Thus, the presence of calcium ions leads to the 

formation of more ordered structures while manganese ions decrease the order in DNA-H1-HMGB1 

complexes. 
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The efficiency of silicon-glass chips for the nucleic acids analysis with a concentration of 106-
102 copies/µl using various algorithms of searching threshold cycles is shown. Hypotheses 
that explain the observed PCR efficiency decrease for microfluidic chips compared to 
polymer test tubes are discussed.   

1. Introduction 
In developing automated systems for the nucleic acids analysis the special attention is paid to systems that 
provide all stages of nucleic acids extraction from samples with their subsequent analysis by 
amplification methods [1, 2]. Polypropylene tubes (volume of 25 µl) and microfluidic chips made of 
different materials, such as silicon or silicon-glass, are commonly used for these purposes [3, 4]. 
Although such chips are more expensive than polymer ones they exhibit higher thermal conductivity, 
which is technologically favorable. However, the untreated silicon surface can inhibit the reaction. This 
can be prevented with various options of protective coating formation by modifying the surface, for 
example, inorganic layers (silicon oxide) or organic layers (silanizing agents, etc.) [5, 6]. The oxide films 
deposition is a standard procedure for the microelectronic industry, which is suitable for mass production 
conditions. Since the literature provides controversial information about the results of PCR in 
microfluidic chips made of silicon-glass materials we focused on the comparison between the results 
obtained for hybrid microchips and standard polypropylene test tubes. 

2. Materials and reagents 
Silicon-glass microfluidic chips with five reaction chambers of 250 µm deep and about 25 µl in volume 
were manufactured by JSC "Svetlana-electronpribor" (Saint Petersburg, Russia). The system was tested 
using a kit of reagents to detect the pathogen of potato ring rot «Clavibacter michiganensis subsp. 
sepedonicus-RT» (cat. No. RN-001, Syntol, Russia) by real-time PCR. Bovine serum albumin (BSA) was 
added to the reaction mixture at the concentration of 3 µg/µl. A synthetic fragment of DNA Clavibacter 
michiganensis subsp. sepedonicus (С.m.s.) was used as a target. A series of consecutive ten-fold dilutions 
of the fragment from 106 to 102 copies/µl were prepared. To prevent evaporation the reaction chamber 
holes were filled with mineral oil and sealed with adhesive tape. PCR was performed on devices 
developed at the IAI RAS: in micro-tubes on ANK-32 and in microfluidic chips on the prototype device 
for microchips. The thermal cycling program was set according to the recommendations of the reagent kit 
manufacturer. The results were recorded on two FAM and R6G (HEX) fluorescence channels in real time. 
The threshold cycle was determined in two ways: 1) using the instrument software; 2) by direct 
comparison of graphs [7].  

3. Results  
To analyze data we determined the position of the threshold cycle based on finding the inflection point of 
the amplification curve. Naturally, the threshold cycle value determined by different methods appears to 
be different. Figure 1 shows the calibration dependences of the threshold cycle on the logarithm of the 
DNA fragments concentration during PCR in test tubes and microfluidic chip.  
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Figure 1. Calibration dependencies obtained during PCR in test tubes and on a microfluidic chip:  
1 – software determination of the threshold cycle (solid); 2 – calculated determination of the 

threshold cycle using the maximum derivative method (dashed) 

The obtained results have led us to the following conclusions: 
 In all considered cases the error in determining the threshold cycle at concentrations (105 and 106 

copies/µl) lies from a few hundredths to 0.15 of the cycle. 
 We revealed a shift in the position of the threshold cycle for chips compared to the test tubes. The 

shift is estimated as 1.6 – 2.2 cycles at high concentrations and more than 3 cycles at low 
concentrations. Assuming that the average reaction efficiency for ANK is ~ 100% we get the 
reduction in efficiency down to 87 – 92 % for the chip. 

We suggest that the methods of static (silicon oxide) and dynamic (BSA) modification do not fully 
compensate the influence of the material on the processes during the reaction. In particular, the ratio of 
the surface area to the volume in the test tube or the chip differs by more than 5 times. Therefore the role 
of the surface effects during amplification in the chip is significantly more important, thus it can lead to 
the reaction inhibition processes. Moreover, it is known that the activity of the Taq DNA polymerase 
enzyme decreases with overheating [8], thus the efficiency of the reaction with the same thermal cycling 
program can be also affected due to the difference in the thermal conductivity of polypropylene and 
silicon with a comparable thickness of the heated layer. Therefore, it is necessary to optimize the thermal 
cycling program for hybrid chips.  
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Abstract. The isomerization of the retinal protonated Schiff base is the primary event in the 

photoactivation of visual rhodopsins. This photoactivated isomerization demonstrates a very high 

quantum yield, about 67%, and occurs on a sub-picosecond timescale. It was proposed that the high value 

of the isomerization quantum yield is provided both by the protein environment and by the specific modes 

driving the retinal isomerization, such as hydrogen-out-of-plane motion. In this study, we considered both 

factors in detail. We demonstrated that the enhancement of the quantum yield occurs in the presence of a 

negative charge in the vicinity of the NH region of the retinal protonated Schiff base. Also, we derived 

the new mode of retinal isomerization that can also lead to the enhancement of the quantum yield.  
 

Introduction 

 Rhodopsins are membrane proteins found in almost all living organisms. They perform many 

different functions, such as proton pumps in archaea (responsible for proton transfer through the 

membrane), and animals' vision. Upon photoactivation of rhodopsins, the photoactivated isomerization of 

the retinal protonated Schiff base, which is the chromophore of rhodopsins, occurs. This isomerization 

converts the chromophore from the 11-cis conformation to the all-trans conformation (in visual 

rhodopsins) and from all-trans conformation to 13-cis conformation (in microbial rhodopsins). It was 

demonstrated both theoretically and experimentally that this isomerization has a very high quantum yield 

(about 67 %), much higher than observed experimentally for retinal protonated Schiff base in a solvent. In 

theoretical studies it was shown that two factors are involved in the efficient isomerization: the 

electrostatic field of the protein environment and the specific modes driving the isomerization [1].  

 The electrostatic field is formed by the charges of amino acids. Thus, the largest effect on the 

isomerization efficiency is provided by the charges that are the closest to the chromophore. In rhodopsins, 

these are the negatively charged glutamic or aspartic acids located in the vicinity of NH chromophore 

moiety, the so-called counterion residues. For this reason, we decided to investigate the effect of these 

residues on the isomerization quantum yield.  

 In previous studies, it is proposed that the isomerization of a retinal chromophore is provided 

by three modes: the rotation of the reactive bond, the hydrogen-out-of-plane (HOOP) mode and the bond 

length alteration, which is provided by synchronized contraction of single bonds and elongation of the 

double bonds in the backbone of the chromophore. Among them, the HOOP mode was shown to enhance 

the isomerization rate. We analyzed the isomerization trajectories of the retinal chromophore and derived 

the fourth mode driving the isomerization. It was assumed that the excitation of this fourth mode can lead 

to the enhancement of the isomerization quantum yield.  
 

1. Physical and mathematic model 
 

  To show the influence of the electrostatic field on the isomerization quantum yield the simulation of 

molecular dynamics trajectories of the retinal protonated Schiff base in the excited state was carried out. 
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In this case we used the trajectory surface hopping method (TSH) [2], where the wavepacket of molecular 

vibrations is modelled by a set of independent trajectories. Each trajectory is in the specific state i, the 

ensemble of trajectories corresponds to the population of the state 𝑎𝑖
2.   

The trajectory can jump from one state to another (surface hopping). The Born-Oppenheimer 

approximation was used, i.e. the nuclei were described by classical molecular mechanics, and electrons 

by quantum mechanics. To derive the normal modes that are responsible for the retinal isomerisaton, we 

performed the analysis of energy exchange between normal modes and the phases of modes at the time of 

isomerization. Energy exchange was characterized by a covariance matrix 𝐶𝑂𝑉 = 𝐸𝐸𝑇 . 

To determine the degree of coupling between the mode and isomerization, the oscillation phases statistics 

was collected. 

2. Numerical modelling 

 

   The SHARC software package [3] was used for the molecular dynamics. The BAGEL program [4] was 

used for quantum calculations of energy and analytical gradients at the caspt2 (6.6) level. 150 trajectories 

were generated for the chromophore with and without charge. For results processing (quantum yield 

calculation, decomposition of isomerization into normal modes, normal modes analysis and PCA 

analysis) home-built scripts were used. All calculations were carried out on the server of Moscow State 

University. 

 

3. Results 

We demonstrated that the increase of the quantum yield value (from 31% to 41%) occurs in the presence 

of the negative charge (counter-ion) in the vicinity of the NH retinal protonated Schiff base moiety (Table 

1).  

        

                                                       Table 1. Quantum yield. 

A group of normal vibrations was selected that satisfies the criterion of phase matching and weakly 

exchanging energy: modes 21 (873.5 cm
-1

), 28 (1071.3 cm
-1

), 31 (1266.8 cm
-1

). While mode 21 is a part 

of HOOP, mode 28 is not a component of HOOP or stretching mode. Thus, our assumption is that if we 

excite these modes in certain phases using special laser pulses, we can increase the quantum yield of 

isomerization. 
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Abstract. In this work we have designed, synthesized and characterized luminescent metal 

nanoclusters (NC) on proteins (human serum albumin and immunoglobulins) We have 

demonstrated that the approach developed allows one to determine the concentrations of 

albumins and Ig in protein mixtures based on the luminescent properties of the NC. 

1. Introduction 
Immunoglobulins and serum albumin are two of the most abundant types of proteins in human blood.  

Albumin performs a transport function for a variety of substances in the blood stream. Among the 

different types of globulins, there is a group of proteins known as immunoglobulins, representing one 
of the key elements of the immune system. There are some types of immunoglobulins: IgG, IgA, IgM, 

IgE and IgD. IgG, also known as antibodies, comprise approximately 75% of all immunoglobulins in 

serum, while the rest 25% are mainly IgA and IgM. In case of some blood diseases, such as multiple 
myeloma, the concentration of Ig may increase significantly, which makes very important to have cheap 

and accurate approach for monitoring concentration of serum proteins. 

 The aim of this work is to develop a convenient, selective, cheap and very simple luminescent 

nano-sensor for albumin and immunoglobulin detection. We used silver nanoclusters (AgNCs) as 
luminescent bio-lables complexed with albumins and immunoglobulins. Being rather bright, having a 

large absorption cross-section and high quantum yield, the fluorescent AgNCs are excellent candidates 

for such biolabeling [1]. Earlier, AgNCs have been synthesized on peptides and various proteins 
including bovine serum albumin and nuclear proteins HMGB and H1 [2]. 

2. Obtained results 

In this work we have synthesized AgNCs, stabilized by human serum albumin (HSA) and IgG matrices. 
It must be noted, that different matrices provided growth of clusters with different spectral properties. 

Thus, AgNCs stabilized by HSA emitted in red region of visible spectra (ca. ~1.85 eV), whereas IgG-

stabilized AgNCs have emission maximum in near IR region (ca. ~1.6 eV). Spectra of luminescence 

excitation and emission of the obtained complexes are presented in Fig. 1. 
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Figure 1(a, b). (a) Normalized excitation spectra of obtained complexes; (b) Normalized emission 
spectra of obtained complexes. 

 

 Based on our previous experience [3] we have optimized the synthetic procedure, which allow us 

to improve sensitivity and accuracy of this approach. We have demonstrated that the approach developed 
allows one to determine the concentrations of albumins and Ig in protein mixtures. We have analyzed 

absorption and luminescence spectra, as well as the contribution of each protein in the mixtures to 

emission spectra. Thus, the combination of all three approaches provides an accurate and reliable method 
to determine the concentrations of these proteins in their mixture.  
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Abstract. Currently, various mathematical models of pupillograms are used to process the 

results of pupillometric studies. There are also mathematical models of emotions. At the moment, 

research does’nt combine modeling of pupillograms and modeling of emotions. In our work, an 

attempt was made to determine the fear coefficient by pupillograms. For research, an 

optoelectronic installation has been developed. As an example, we give an example of the 

analysis of pupillograms of people of an older age category. A mathematical model of the 

pupillogram plot is obtained, obtained in response to fear emotion. 

1.Introduction 

It is known that the size of the pupils depends on the size of the emotions experienced. However, the 

existing mathematical models of pupillograms mainly describe the reaction of the pupil to light. 

Therefore, the search for a mathematical model that describes the pupillary reaction due to emotion is 

relevant. At the moment, research does’nt combine modeling of pupillograms and modeling of 

emotions. In our work, an attempt was made to determine the fear coefficient by pupillograms. The 

purpose of our study: based on experimental data, determine the fear coefficient by pupillograms.  

 

2.Experimental part 

The research is based on the dependence of the size of the pupils on the emotions experienced. 

Information that is significant for a person causes involuntary attention if an individual appears in the 

field of perception. Before the experiment, a survey was conducted to determine the topic of interest to 

the subjects. By agreement with the participants, test objects containing the emotion “fear” were 

selected. For research, an optoelectronic installation was assembled. The components of the 

optoelectronic installation are shown in Figure 1 (a). A person wearing a helmet is located at a distance 

at which the change in the illumination of the surface of the eye due to the glow of the monitor becomes 

insignificant. 

 

Figure 1 (a, b). (a) Optoelectronic pupil size registration system: 1 - a camera that registers the image 

of the monitor on which video files were displayed; 2 - a camera recording the size of the pupil; 

3 - helmet, creating a rigid coordinate connection with the head; (b) Pupillogram-curve of the intensity 

of emotional experience 
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As an example, we give an example of the analysis of pupillograms of people of the older age category 

(50-75 years), in which representatives of different sexes were present. In total, more than 100 people 

took part in the experiment, including full-time and part-time students. All participants in the experiment 

were volunteers, and were warned of a possible emotional experience. Basically, all participants have 

hyperopia, one woman has myopia corrected by glasses. To evoke emotion, we used a video about 

accidents that were freely available on the Internet.  

 

3.Discussion and main results  

The average value of the level of intensity of emotions was considered a normal reaction, since the 

hypothesis was that most people are mentally balanced and tolerant. Since the size of the pupils depends 

on the emotions being tested, their intensity can be estimated from the pupillogram. The pupillogram-

curve of the intensity of emotional experience is presented in Figure 1 (b). In a time interval of 0-6.84 

sec, an increase in the intensity of emotional experience occurs, in a time interval of 6.84-9.5 sec, an 

emotion saturates, its peak is visible, then the emotion fades [1]. From theory [1], at any time t, the fear 

coefficient is defined as 

𝑓(𝑡) =
𝐴

𝑄−
𝐼0
𝑘
(1−𝑒−𝑘𝑡)

=
𝐴

𝑄−
𝐼0
𝑘
(1−

1

𝑒𝑘𝑡
)
=

𝐴

𝑄−
𝐼0
𝑘
(
𝑒𝑘𝑡−1

𝑒𝑘𝑡
)
                                      (1) 

From the experiment, a function describing the process of increasing emotion k = -k: 

𝐹(𝑡) = 𝑎 −
𝑏

𝑘
(
𝑒𝑘𝑡−1

𝑒𝑘𝑡
)                                                         (2) 

Suppose that the change in the size of the pupil is due to information entering the brain from test objects. 

Then the intensity of the emotions experienced depends on the coefficient of fear [1]: 

𝑓(𝑡) =
1

𝑎−
𝑏

𝑘
(
𝑒𝑘𝑡−1

𝑒𝑘𝑡
)
=

1

𝐹(𝑡)
                                                     (3) 

Using the attention track, you can determine on which element of the presented test object the reaction 

occurred. Also, using the track, you can determine that the reaction did not occur to the test object. 

Emotions should be adequate, that is, average. Any deviation from the norm requires close attention and 

study. With this, the resulting fear coefficient can help. Proper selection of test objects will expand the 

capabilities of eye-tracking, as well as improve existing security systems that use artificial intelligence 

and emotion recognition. 

 

4.Conclusions  

A mathematical model of the pupillogram plot is obtained, obtained in response to fear emotion. By the 

method of equivalent transformations over analytical expressions, the theoretical and experimental 

functions were converted to a form convenient for comparison. A comparison of the theoretical fear 

coefficient and the plot of pupillograms constructed on the basis of experimental data showed their 

syntactic similarity. This allowed us to find the coefficient of fear. 
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Abstract. In this paper, we present modification of the electrical cell-substrate impedance
sensing technology which make it applicable for suspension cells and cells with poor adhesion.
The key idea of the proposed technique consist in coating electrodes with poly-DL-lysine. We
have show that this procedure not only provide negligible influence on the electrode impedance,
but also allows to study viability of the suspensions cells k562 in real time.

1. Introduction
Electric impedance spectroscopy (EIS) is a perspective experimental technique that is widely
used in experimental biophysics, biosensorics, and medicine [1, 2, 3]. One of the quickstepping
area in this field is the development of impedance-based cytosensors [3] — hybrid biodetectors
based on the EIS technique. The IS of the electrode covered by cells strongly depends on various
factors, such as the morphology of the cells, the degree of coverage of the electrode with cells,
their viability, etc. (Giæver-Keese model [4]), therefore, its temporary evolution allows us to
assess the state of cells. Up to date, several commercially available impedance cytosensors have
been developed, e.g. ECIS from Applied Biophysics and xCelligence from ACEA Bioscience.
These sensors can be applied to solving different biophysical problems. For example, ECIS-
based glucose sensors, toxin sensors [5], and sensors of UV irradiation [6] have been developed.
However, despite large progress in this field, the currently available cytosensors have several
disadvantages. Particularly, they cannot work with suspension cells and poorly adherent cells.
Thus, the aim of this work was to develop and test the EIS-based cytosensors for this type of
cells.

2. Material and Methods
For solving the problem of the poor adhesion, we propose to use the poly-DL-lysine coating
of the electrodes. This surface preparation does not dramatically change the impedance of
the electrodes and at the same time provides good cells capturing on them. For testing this
technique we have provided biosensorics experiment, in which we studied the temporal dynamics
of the impedance of the treated by poly-DL-lysine and covered by k562 cells electrode under
UV radiation. Cells were obtained from the Bank of Cell Culture Institute of Cytology RAS.
Cultivation was carried out at 37◦ C and 5% CO2. The impedance spectra of the electrodes
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were measured using an EIS based on adaptive filtering [7]. A measurement setup diagram is
also provided in [7].

3. Results and Conclusion
The obtained results are shown on Fig. 1. On can see, that cells death under UV radiation
dramatically affect on the impedance of the covered by them electrode: at beginning the
impedance is rising, then it reach the maxima, and finally it fails down to the level of the
control electrode. The first two effects are connected with apearence of the UV induced blebs
on the cell membrane, and the final phenomena is connected with membrane distortion under
UV radiation.

Figure 1. Time evolution of the impedance at 35 kHz.

Thus, the obtained results indicate that the coverage of multielectrodes with poly-DL-lysine
allows us to use EIS for studying poorly adherent cells and the suspension cultures. This
modification gradually increases the area of bio-EIS applications and paving the way for creating
fundamentally new types of cytosensors.
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Abstract. The accumulation of lipofuscin (LF) in tissues is considered as one a hallmark of the 

aging process. Usually formed in yellow-brown pigment aggregates or granules primarily 

composed of lipid residues and proteins, the exact chemical composition of LF varies among 

tissues. LF of the retinal pigment epithelium (RPE) is known to contain byproducts of the visual 

cycle, including one of the fluorophores in LF bis-retinoid N-retinyl-N-retinylidene 

ethanolamine (A2E). The last is characterized by high photoreactivity and implicates in age-

related macular degeneration. Photoinduced production of reactive oxygen intermediates (ROI) 

is shown among the main modes of A2E toxicity although particular photochemistry of A2E 

have yet to be completely identified. In this work we study changes in chemical composition of 

LF granules of human RPE under light (UV-VIS) irradiation using vibrational spectroscopy 

(femtosecond broadband CARS) and mass-spectrometry (TOF-SIMS) approach accompanied 

by measurements of luminescent properties of the LF.  

1. Introduction 

Lipofuscin (LF) is a result of incomplete lysosomal degradation and represents autofluorescent material 

of cellular lipids and protein residues, traces of carbohydrates and metals. LF is usually found as water 

insoluble micrometer-sized particles which cannot be further degraded by lysosomal enzymes or the 

proteasomes. Up to now, there is no any efficient way to remove LF from living organism. The 

accumulation of LF in RPE has been associated with the development of retinal diseases, particularly 

age-related macular degeneration [1]. The constituents of LF, especially A2E, have high photoreactivity 

leading to ROI and oxidized products (including water soluble ones) under light illumination [2]. Hence 

one can expect difference of chemical composition of LF samples before and after irradiation; moreover, 

high variance in this difference from one granule to another can be expected as well. In this work we 

study chemical profiles of large areas (containing thousands granules) of LP granules of human RPE 

tissues to deduce averaged effects of light irradiation. 

2. Methods and materials 

Experiments on tissue isolated from human-cadaver eyes were performed in compliance with officially 

accepted procedures [3]. Details on isolation of LP from the RPE of human eyes, centrifugation and 

purification described earlier [4]. Secondary ion mass spectra were collected with a TOF-SIMS 5 mass 

spectrometer (ION-TOF, Germany) [5]. Femtosecond broadband CARS microspectroscopy (BCARS) 

is represented as newly built module of the femtosecond laser complex in Semenov Federal Research 

Center for Chemical Physics [6]. Dried LF thin films were prepared both for TOF-SIMS and BCARS. 
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High performance characteristics of both methods allowed us to collect large amount (~105) of spectra 

over control and exposed samples to deal with natural sample heterogeneity. Broadband LED (400-760 

nm, with band maximums at 450 nm 550 nm, respectively) was used for irradiation. 

 

3. Results and discussion 

Luminescence properties of LP samples are essentially dependent on LED irradiation exposure (Fig.1a). 

Particularly, only 450 nm band of the LED irradiation spectrum leads to the luminescence grow effect. 

Non-monotonous behavior on irradiation time can be seen for wavelength range ~540-560 nm (Fig.1a) 

and several bands of TOF-SIMS spectra (Fig.1b) which can be evidence on chemical transformations 

(including intermediates) in LP samples under the LED irradiation. 

      
Figure 1. LP luminescence(a) and TOF-SIMS measurements for negative ions (b) for shown light exposure times.  

 

BCARS approach allowed to measure vibrational (Raman) spectra of LP samples for wavelengths free 

of any LP luminescence. BCARS spectra were collected for fingerprint range ~800-1800 1/cm 

containing bands (shown in Fig. 2) of the most organic compounds. The bands responsible for lipid 

oxidation under UV light are aldehydes C=O bands of 1685, 1722 1/cm which can be related to 

appropriate unchanging bands 1650 1/cm or 1740 1/cm (the bands ratio of 1660/1740 does not change 

under UV light) [7]. It can be seen from Fig.2 the band ratios 1685/1650, 1685/1740, 1722/1650, 

1722/1740 increased up to 40% representing high LP photoreactivity properties under UV light. 

 
Figure 2. Averaged BCARS spectra (transformed to Raman bands) for control sample (blue curve) and after 

exposed sample (red curve). 

4. Acknowledgments 

This work was supported by RFBR (Projects No.18-33-00940, 18-03-01243). 

References 

[1] Shaw P, Stiles T, Douglas C, Ho D, Fan W, Du H, Xiao X., 2016 AIMS Mol. Sci. 3 196  

[2] Lamb L E, Simon J D., 2004, Photochemistry and Photobiology, 79 127 

[3] Feldman T B, Ostrovsky M A et al., 2015, Anal Bioanal Chem, 407, 4, 1075 

[4] Dontsov A E, Sakina N L, Ostrovsky M, 2012, Rus. Chem. Bulletin, International Ed., 61 2, 442 

[5] Gulin A A, Shakhov A M, Nadtochenko V A et al, 2019 Applied Surface Science, 481 144 

[6] Nadtochenko V A, Denisov N N, Aybush A V, Cherepanov D A et al, 2017 Nanomaterials, 7, 371 

[7] Muik B.,,Lendl B. et al, 2005, Chem. and Phys. of Lipids, 134, 2, 173 

182



On the possibility of analysis using the wavelet transform of 
the pulse waveform from the bloodstream 

R V Davydov1,2, V Yu Rud3 

1Peter the Great St. Petersburg Polytechnic University, Saint Petersburg 195251, 
Russia 
2Alferov University of the Russian Academy of Sciences, Saint Petersburg 194021, 
Russia 
3All Russian Research Institute of Phytopathology, Moscow Region, 143050, Russia 
 
Abstract. A method has been developed using wavelet transform to describe the dynamics of 
the pulse wave shape during the diagnosis of human health. The pulse wave signal, in contrast 
to the previously discussed diagnostics, is considered an unsteady signal, in which there may 
be no periodicity. We found that this method is useful for diagnosing the properties of arterial 
vessels of patients with coronary heart disease, arterial hypertension and other diseases. Pulse 
wave research results are presented. 

1. Introduction 
The blood movement in the vessels is based on the alternation between two processes: relaxation 
(diastole) and contraction (systole) of the ventricles of the heart. During diastole, the ventricles are 
filled with blood, and during systole of the ventricular myocardium, blood is expelled from the heart to 
the aorta and pulmonary artery under pressure [1, 2]. Blood enters the aorta, and it expands until it 
stops the flow of blood does not stop. The rhythmic contraction of the myocardium causes a 
contraction of the vascular wall, and the pulse wave propagates from the initial part of the aorta to the 
arterioles and capillaries. There are several methods used to register a pulse wave. Pulse oximetry 
(registration of a pulse wave using scattered or reflected laser radiation on blood vessels or veins), 
unlike others, has gained more extensive application both in clinical diagnostics and for the personal 
use of various groups of people [3]. 

For a quantitative analysis in a pulse wave using the method of "one hit". With its use, the position 
of the maxima and minima on the timeline and their characteristic amplitudes are determined. The 
shape of the pulse wave depends on the elasticity of the vessel wall, pulse rate, features of the heart 
and several factors that may be associated with a disease of human organs [1, 3]. The description of 
the pulse wave shape is often performed only for stationary processes using the Fourier transform. The 
experiments showed that the Fourier methods for non-stationary processes are challenging to apply. 
Therefore, we propose to use an algorithm based on the wavelet transform to analyze the pulse wave 
shape. It will allow developing a system of quantitative parameters for diagnosing the state of arterial 
vessels and the work of the human heart. 

2. The method, results and discussion 
Figure 1 shows pulse waves of two people with different health conditions as an example. 
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Figure 1. The pulse waveform of men: (a) at the age of 22 years; (b) at the age of 24 years. 
 

Even in the case of a satisfactory state (Fig. 1.a), the formation of a pulse wave is an unsteady 
process. Therefore, to describe the shape of the pulse wave, the signal (Fig. 1) is proposed to be 
expanded into basic functions using the operation of compression/extension and shift of some 
oscillating and location function, which is called the mother wavelet. As a mother wavelet, we propose 
to use the Morlet function [1, 2]. This function has a zero-mean value. For a quantitative analysis of an 
unsteady pulse wave signal, we use the integral wavelet transform: 

                                                   𝑉𝑉(𝑥𝑥, 𝑡𝑡)  =  ν∫ 𝑧𝑧(𝑡𝑡′)𝜑𝜑∗(𝜈𝜈(𝑡𝑡′ − 𝑡𝑡))𝑑𝑑𝑡𝑡′+∞
−∞                                            (1) 

where 𝜑𝜑(𝑥𝑥) – is the mother wavelet. 
Expression (1) represents the initial one-dimensional pulse wave signal z(t) in the time-frequency 

plane. It should also be noted that the mother wavelet φ (x) must be well localized at x = 0, have a unit 
norm, its average value in the whole interval is zero. Therefore, its following form is proposed: 

                                                    𝝋𝝋(𝒙𝒙) = 
𝐞𝐞𝐞𝐞𝐞𝐞�−𝒙𝒙

𝟐𝟐

𝟐𝟐 ��𝐞𝐞𝐞𝐞𝐞𝐞(−𝒊𝒊Ω𝒎𝒎𝒙𝒙)−𝐞𝐞𝐞𝐞𝐞𝐞�−Ω𝒎𝒎
𝟐𝟐

𝟐𝟐 ��

�√𝝅𝝅�𝟏𝟏−𝟐𝟐𝟐𝟐𝒙𝒙𝟐𝟐�−
𝟑𝟑Ω𝒎𝒎𝟐𝟐

𝟒𝟒 �+𝟐𝟐𝒙𝒙𝟐𝟐�−Ω𝒎𝒎𝟐𝟐 ��

                                              (2) 

For values of Ω0 = 2𝜋𝜋, the maximum of |𝑽𝑽(𝒙𝒙, 𝒕𝒕)|𝟐𝟐 for frequency 𝑓𝑓1 will correspond to the 
following relation 𝑓𝑓1  =  𝜈𝜈. This allows us to use (2) to study unsteady signals that change over time. 

3. Conclusion 
Using the adaptive Morlet wavelet (2) allows one to obtain a more accurate diagnosis of the frequency 
and time localization of the signal under study by changing the parameter 𝑚𝑚 in calculating 𝑉𝑉(𝑥𝑥, 𝑡𝑡). 
The reliability of the results of diagnosing a person’s health condition using a pulse oximeter 
increases. 
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Abstract. The studies are aimed at developing a new method of non-invasive control of body 
tissues oxygen supply for workers of dangerous professions. The proposed method is based on 
utilizing the differences in the absorption spectra of oxyhemoglobin and reduced hemoglobin, as 
well as on the analysis of the response of the system using mathematical methods of data 
processing and image visualization. It is shown that each human subject has his own individual 
reproducible “image” and can be identified by this “image”. During the application of 
mathematical methods for processing of multidimensional data, the subjects were divided into 
groups according to the type of reaction to the functional load. Each of the groups has a certain 
tendency to change the “image” in the presence of the functional load, which is explained by 
various compensatory-adaptive reactions and the functional state of the subjects. The results of 
the above studies indicate the high efficiency of the new methodological approach for solving 
the problems of non-invasive monitoring of human health and organism performance and can be 
used to create a new generation of diagnostic medical systems. 

1. Introduction 
Among all causes of death, cardiovascular diseases occupy one of the leading places in the world. The 
cardiovascular system provides the most important transport function, in particular the respiratory one, 
consisting in the transfer of oxygen from the lungs to the tissues and carbon dioxide from the tissues to 
the lungs. This function is due to the presence in the blood of the main respiratory pigment, which is 
part of the erythrocyte - hemoglobin protein [1]. The reason for the interruption of the oxygen supply to 
human tissues can be both oxygen deficiency in the external environment and the result of pathological 
conditions of the cardiovascular system. Early diagnosis of cardiovascular diseases helps to prevent the 
development and transition of the disease into a chronic form, as well as to minimize possible serious 
complications. In this work, we develop a spectrophotometric method for monitoring the oxygen supply 
of body tissues, which is based on different optical properties of the physiological forms of hemoglobin 
in the blood [2,3].  
 
2. Methods 
The system of non-invasive monitoring of the oxygen supply of human tissues consists of two blocks: 
1) the sensor and 2) the computation modules. The sensor module is represented by an integrated six-
channel spectrum analyzer and a set of optical sensors with cross sensitivity to biologically important 
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forms of hemoglobin. The computation block includes modules for visualization and pattern 
recognition. 
 
3. Experiments and results 
The experiment is based on readings of the optical spectrum analysers before and after the functional 
load in 21 human subjects, which is a deep breath-holding. At the same time, heart rate was measured 
throughout the experiment. The state of rest lasted 60 seconds, after which the subject, after a deep 
inspiration, held breath for the maximum possible time. Rest time after functional load (recovery) lasted 
4 minutes. In addition, each subject filled out a questionnaire. During the application of mathematical 
methods of multidimensional data processing the subjects were divided into three groups, according to 
the type of response to the functional load - a group in which there was a change in the oxygen supply 
of tissues at the time of the start of inspiration and during subsequent recovery, a group that had no 
changes and a group for which there is a significant change in oxygen status at the time of recovery in 
relation to the state of rest. Each of the selected groups has a certain tendency to change the “image” 
while being under the functional load, which is explained by various compensatory-adaptive reactions 
and the functional state of the subjects. Typical normalized readings of the sensors for subjects from the 
group with normal indicators of oxygen status restoration are shown in Fig. 1. 

 

Figure 1. Typical normalized readings of the sensors for subjects from one of the groups. 
 
4. Conclusion 
Identified capabilities of the analytical complex to form individual “images” of subjects before the 
functional load and their individual changes after the load can be used to formulate training algorithms 
for recognition of the functional state. The results of the studies indicate the high efficiency of the new 
methodological approach to solving the problems of non-invasive control of human health and work 
capacity. The measuring control system of the oxygen supply of human tissues allows to get the 
necessary information about a variety of vascular pathologies and can be used to create a new generation 
of diagnostic medical systems. 
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Abstract. The article discusses a DNA analyzer that determines the sequence of nucleotides. A 

method for determining the sequence based on a continuous wavelet transform is proposed. The 

results of experimental studies are presented. 

 

1. Introduction 

Currently, to solve many problems, it is necessary to analyze of deoxyribonucleic acid (DNA). For the 

analysis of DNA using various devices, the principle of which is based on various methods. One among 

most used instruments for the analysis of DNA is NANOFOR-05 (analysis is carried out according to the 

Sanger method). The principle of this method is to divide the DNA into fragments, followed by determining 

the sequence of nucleotides in them. In this analyzer, DNA is separated by an electric field. The device is 

based on the registration of fluorescence signals from the analyzed sample through 4 channels. 

Fluorescence is recorded from a specific nucleotide in each channel. The signal is a sequence of 

fluorescence peaks [1]. 

The task of data processing is to detect peaks in each channel, their relative position and restoration of the 

original DNA sequence. The main signal processing problem is the closely spaced fluorescence peaks that 

overlap each other. This effect increases with time, which is associated with the expansion of the peak. 

Most peak detection methods use baseline pre-correction and noise reduction. However, such approaches 

have two main disadvantages. Firstly, after preliminary processing, the “necessary” peaks of small 

amplitude, taken as noise, can be removed. Secondly, there are closely spaced peaks in the signals, which 

leads to an overlay effect, as a result of which information about some peaks may be lost. 

2. The method of scalogram based on Continuous Wavelet Transform 

In MATLAB, a method was developed for detecting peaks in a signal based on a continuous wavelet 

transform followed by a scalogram — a function of the absolute value of a continuous wavelet transform 

versus time and frequency [2]. The appearance of the peak and its location along the time axis are 

determined by the type of scalogram (Fig. 1). 

   The preliminary studies showed that the developed method based on the wavelet transform does not 

require preliminary correction of the baseline and elimination of noise. This increases the probability of 

detection, since no additional distortions are introduced into the signal during its preliminary processing. 

In addition, this method is effective in separating several overlapping peaks, since it uses the correlation of 

the mother wavelet with the signal itself. 
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Figure 1 (a, b). (a) Scalogram; (b) Scalogram section for scale = 2 

Based on this, the mother wavelet is chosen so that its main characteristics are like the desired peak in the 

signal [3]. The Mexican hat wavelet is most suitable for this study because of the similarity of its shape to 

the peak, defined as: 
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  where t is the process observation time. 

3. Conclusion 

For model signals that do not have large distortions (for real signals, as a rule, this is true for the first half 

of the signal), we were able to achieve a peak determination reliability of 0.99. Studies show that for the 

“good” part of the real signal, in which distortions are not yet very pronounced, this method detects on 

average more luminescent peaks than other methods. As for the "bad" part of the real signal, the method 

based on the wavelet transform is not inferior to similar methods. 
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Abstract. Magnetic core-shell Fe3O4@HAp nanoparticles with a different HAp amount were 

synthesized using the original approach based on co-precipitation method combined with 

hydrothermal treatment at temperatures range from 140 to 240°C.Nanoparticles morphological 
parameters were characterized using X-ray diffraction, Fourier-transform infrared 

spectroscopy, transmission electronic microscopy, specific surface area estimation, Mossbauer 

spectroscopy. As-prepared core-shell NPs demonstrated the narrow size distribution and the 

presence of magnetite and hydroxyapatite phase. All the samples exhibited superparamagnetic 

behaviour, blocking temperature values demonstrated the linear dependence on shell thickness. 

Computer simulation of blocking temperature dependence on shell thickness revealed the 

impact of the shell on the anisotropy constant and consequently on blocking temperature. To 

evaluate the efficiency of the core-shell NPs as contrast agents for magnetic resonance 

imaging, the samples with different HAp amount in agarose matrix were investigated. 

1. Introduction 

Magnetic Resonance Imaging (MRI) is a non-invasive imaging technique that produces three 
dimensional detailed anatomical images with high soft tissue contrast and spatial resolution. By now 

MRI contrast agents have become an indispensable part of MRI procedure for the diagnostic of some 

diseases, since their addition in many cases improves sensitivity and/or specificity and therefore 
provide better diagnosis of pathological tissues.  

Superparamagnetic and ferromagnetic MRI agents are called negative contrast agents, since diseased 

tissues that accumulate contrast agents look darker in the images. The main material to produce 
negative contrast agent is the Fe3O4ferrimagnetic (superparamagnetic at the size less than about 20 

nm) nanoparticles due to a combination of their superparamagnetic properties, biodegradability and 

biocompability. Nevertheless Fe3O4 magnetic nanoparticles are not widely used in clinical practice 
probably due to the surface oxidation process which leads to the loss of aggregative stability and 

magnetic properties. To solve this problem, it was suggested to protect magnetite particle surface with 

different shells. But almost in all the cases the forming coating may have a thickness greater than the 
core size, which leads to a significant decrease in the magnitude of the saturation magnetization and 

the MRI contrast ability. 

So creation of the stable and thin shell on a magnetic core is a real challenge to material scientists. We 
chose hydroxyapatite (НАр, Ca10(PO4)6(OH)2) as a material for the shell production, guided by two 

important factors, namely, biocompatibility and wide use in medicine. 
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2. Method 

In this work magnetic Fe3O4@HAp core-shell nanoparticles were synthesized. For that an original 
three stages approach was developed. The stages are: 1) Fe3O4 cores synthesis by co-precipitation 

method, 2) production of a diffused HAp layer with low crystallinity on core surface, 3) hydrothermal 

treatment on order to obtain a well-crystalline product. Dependence of the formed shell thickness on 
synthesis conditions was studied; it was shown that at low temperatures (140°C) of hydrothermal 

treatment the thickness of the shell grows with the amount of HAp in the reaction media, while at high 

temperatures (240°C)vice versa the shell thickness decrease with the increase of HAp amount. This is 
related with differences in the crystallization velocities and leads to formation of shells with different 

crystallinity. 

 

3. Results 

To get the specified properties it is necessary to perform a valid analysis of the obtained results and to 

be able to predict properties based on the structure.  
For detailed study we took samples synthesized at 140°C since the shells of different thickness possess 

the same crystallinity. All of this samples show typical superparamagnetic characteristics at room 

temperature. Mossbauer spectroscopy data revealed changes of hyperfine parameters and 
redistribution of relative areas of magnetic sextets comparing with bare core sample, which could be 

due to the formation of intermediate magnetic layer during hydrothermal treatment.  

Blocking temperatures obtained out of ZFC-FC curves are in linear dependence on the shell thickness. 
The nanoparticle shell might influence the magnetic moment itself, the dipole interactions of the 

dipoles by scaling the average distance between nanoparticles, as well as the anisotropy constant.  

Computer simulations revealed that for “thick” shell (4.5 nm 6.5 nm) the magnetic characteristics is 
determined by dipole interactions, while for the “thin” shell(3.9 nm)effect of anisotropy is more 

pronounced. 

For core-shell NPs the values of zeta-potential close to -30 mV were observed, which corresponds to 
the value required for in vivo imaging. Core-shell NPs were tested using a MRI scanning system using 

an agarose matrix to simulate biological tissues. HAp shell improved the contrast in the case of T1 

images, and leads to a decrease in color darkness in T2 mode. The dependence of MRI contrast ability 
and T2/T1 intensity ratio on shell thickness is not detected. So we can conclude that the shell allow us 

to protect the magnetite surface from oxidation, to achieve good values of surface charge (acceptable 

for intravenous injection), and does not greatly affect contrast ability. Thus Fe3O4@HAp core-shell 
nanoparticles could be potential candidates for contrast agent. 
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Abstract. In this paper, we consider the features of creating a hydraulic system with the goal 

of conducting bridge amplification, which is part of the Illumin / Solexa method. The result of 

the work is an automated system with all the necessary functional qualities. 

1. Introduction 

Currently, biotechnologies that are associated with the study of the genome, including the human 
genome, have been actively developed in medicine, healthcare and science. The study of the genome 

is inextricably linked with the study of the sequence of nitrogenous bases that make up 

deoxyribonucleic acids (DNA). 
One such technique is to “read” this sequence or otherwise a sequencing process. [3] 

Sequencing methods are constantly being improved and currently the next generation sequencing 

methods (NGS) are the most relevant. One such method is the Illumina / Solexa method, which is a 
mass parallel sequencing method. [2] 

The advantages of this method are: the ability to obtain a large amount of data in a relatively short 

period of time, i.e. high sequencing speed, as well as high accuracy achieved by mass. In addition, due 
to the high speed, the cost per unit of information received is significantly reduced. 

One of the components of this method is bridge amplification, an important process which results 

in DNA segments ready for sequencing, called clusters, fixed on a special surface of the substrate with 
immobilized oligonucleotides, which act as primers during the reaction. 

The process of bridge amplification is based on a sequential increase in the number of segments 

of the test sample. After passing a special sample preparation, the sample goes through the stage of 
presynthesis. [1] 

 

2. Hydraulics features 
Next, it is necessary to perform several amplification cycles, which consist in a sequential process of 

linearization of the chain, for which a special linearization mixture is used. After this, it is necessary 

that the linearized library interact with the mixture for amplification during the experimentally set 
time. Before carrying out the next cycle, it is necessary to conduct denaturation by feeding formamide. 

Several cycles are necessary to increase the number of clusters. [1] 

Based on the characteristics of the reactions, it became necessary to create an automated system 
for its implementation. The main requirements that are presented to the system include: the ability to 

pass reagents through the space in which the substrate with the primers is located, as well as their 

removal from this space, the ability to automatically select reagents for pumping, the ability to control 
the pumping and removal process, and the ability to change the temperature at which the reaction 
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takes place on the substrate. In addition, it is extremely important to be able to verify that the clusters 

are successfully grown on the surface of the substrate. 
The necessary reagents are placed in a tripod, which is connected by flow channels to a hydraulic 

switch. This switch allows you to connect the flow channels that go to the tanks with reagents, with 

the flow channel that goes to the reaction cell, in which there is a substrate with primers. 
The hydraulic switch has 24 possible positions, which allows the use of up to 24 different reagents 

for the reaction. 

The reaction cell itself is a C-shaped channel, the surface of which is covered with immobilized 
oligonucleotides. Segments of DNA clinging to these primers undergo an amplification process. 

Behind the reaction cell is a series of sensors that allow you to control the quality of the process. 

One of these sensors is a sensor that detects the rate of fluid flow. 
A precision syringe pump is used to pump and remove reagents. In the event of a discharge of the 

syringe, the reagent fills the flow channels, and then the cell itself together with the pump syringe. [2] 

When the syringe is empty, the reagents contained in it are sent to the drain tank. 
To implement the temperature regime, a thermal cycling system is used. 

During the experiment conducted on the developed system, it was possible to successfully carry 

out bridge amplification, the result of which was the presence of amplified clusters on the surface of 
the substrate of the reaction cell. 

In order to confirm the presence of clusters, an optical detection system was used, the results of 

which are presented in Fig. 1. 
 

 
Figure 1. Detected clusters. 

3. Conclusion 
Thus, the developed automated system allows bridge amplification, which is extremely necessary for 

sequencing using the Illumina / Solexa method. 
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Abstract. The influence of modulation p-doping on the lasing threshold current densities of 

InAs/InGaAs quantum dot (QD) lasers is studied at different levels of acceptor concentrations. 

It is found that for both undoped and p-doped samples, there exists a critical cavity length at 

which threshold current densities of the lasing via ground- and excited states of QDs become 

equal so that multi-state lasing can be observed only in samples having longer cavities. It is 

shown that the usage of modulation p-doping is an efficient way to overcome this limitation 

and to obtain multi-state lasing even in case of sufficiently short samples. 

1. Introduction 

 For many practical applications including ultrafast data transmission and optical coherence 

tomography, there is a need for stable optical sources emitting near 1.2-1.3 μm corresponding to the 

transparency window of Si-based waveguides [1 – 2]. Long-wavelength InAs/InGaAs quantum dot 

(QD) lasers emitting via the QD ground-state (GS) optical transition allow not only to overlap the 

required spectral range, but also have small threshold currents and high temperature stability [3]. Even 

if the lasing starts at QD GS around 1.3 μm, further increase in injection usually results in appearance 

of an additional short wavelength lasing line near at 1.2 μm associated with the first excited-state (ES) 

optical transition of QDs, the multi-state lasing, i.e. simultaneous lasing via GS and ES of QDs, takes 

place [4 – 8]. 

 The multi-state lasing can be useful in view of achieving broader lasing spectra [1] and a larger 

number of optical channels from a single laser source [9]. However, the GS lasing band is quenched 

with the increase in injection current shortly after the onset of multi-state lasing [7, 10 – 11]. One of 

the ways to overcome this effect is the usage of p-doping that can be an efficient solution particularly 

in case of the short samples [10]. At the same time, it is also known that p-doping may influence not 

only the output power corresponding to the GS of QDs but also the lasing threshold current [10 – 12]. 

This result allows one to expect that the p-doping can influence a minimal laser cavity length at which 

multi-state lasing, i.e. simultaneous lasing via GS and ES of QDs, still can be seen. Studying of this 

question constitutes the key goal of this work.  
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2. Experimental details  

 Three series of InAs/InGaAs QD lasers having different levels of p-doping of 0, 3 and 5×10
17

 

cm
-3

 were grown using molecular beam epitaxy (MBE). The active region of each sample was 

comprised of 10 layers of InAs/InGaAs QDs separated by 35 nm-thick GaAs spacers. The p-doping 

was implemented by using of carbon atoms embedded into the central areas of barrier layers. The laser 

diodes were fabricated to have various lengths and the same stripe width of 50 μm. The experimental 

dependences were derived from the light-current curves and emission spectra measured at different 

injection currents. 

 

 

3. Experimental results and their interpretation 

To study the influence of p-doping level on the critical length of laser cavity at which multi-

state lasing still can be seen, the dependence of threshold current densities of undoped and p-doped 

samples on laser cavity length was first measured – see Fig. 1 (a, b, c).   

 

  
Figure 1. Threshold current density of pure GS-lasing 

(filled symbols, solid lines) and ES-lasing (empty 

symbols, dashed lines) vs cavity length. The dopant 

concentration is 0 (a), 3 (b) and 5 (c) × 10
17

 cm
-3

. 

Vertical lines show the minimum cavity lengths (Lcr) 

at which GS-lasing component can be seen. 

Figure 2. Experimental dependence of the 

modal gain corresponding to QD GS on the 

injection current density. Triangles, circles, 

and squares correspond to The dopant 

concentrations of 0, 3 and 5×10
17

 cm
-3

. 

 

As it can be seen in Fig. 1, the decrease in laser cavity length results in the increase in 

threshold current density of the onset of the lasing via QD GS (jth,GS), while threshold current of multi-

state lasing (jth,GS+ES) decreases. The injection current density interval corresponding to the multi-state 

lasing, i.e. the interval between jth,GS+ES and jth,GS, tends to shrink as cavity length increases. Therefore, 

there is a critical cavity length (Lcr) at which threshold current of GS-lasing and of multi-state lasing 

become equal – see the vertical lines in Fig. 1. The characteristic feature of Lcr is that there is no lasing 

corresponding to QD GS for the samples shorter than Lcr, where pure ES-lasing is only observed. Such 

a behavior remains true for p-doped samples as well – compare Fig. 1a, 1b and 1c. This poses a natural 

limit on the minimum length of laser cavity at which practically useful GS-lasing can be achieved. 

However, the usage of modulation p-doping occurs to be a beneficial method to further 

increase the range of cavity lengths towards shorter cavities, at which simultaneous lasing via QD GS 

and ES still can be seen. Indeed, in accord with the experimental results shown in Fig. 1, the increase 

in the dopant concentration from 0 to 3×10
17

 cm
-3

 and to 5×10
17

 cm
-3

 results in the decrease of Lcr from 

0.49 mm to 0.35 mm and to 0.33 mm respectively. The reason behind is the following: for the same 
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The effect of graphite coating on the composition, structure 
and microhardness of the surface of structural chromium-
nickel steel during laser pulse processing 

V Proskuryakov1, I Rodionov1, S Borodina1 
1Yuri Gagarin State Technical University of Saratov, Saratov 410054, Russia 
 
Abstract. In this work, the effect of laser pulsed radiation on the surface of 12Cr18Ni10T 
stainless steel with a layer of graphite coating previously applied to it was experimentally 
investigated. It was established that as a result of laser pulsed irradiation, a significant increase 
in the microhardness of the surface layer of the experimental samples occurs to H=9.56±0.1 
GPa. The results of studying the elemental composition of the surface structure showed an 
increase in the concentration of diffused carbon in the surface layer of steel. 

1. Introduction 
Along with the traditional methods of chemical-thermal treatment and other various methods of 
saturating the surface of one metal with others, the most preferred method today is pulsed laser 
doping. 
Currently, methods where the alloying material is applied to the surface to be treated in the form of a 
previously prepared suspension (coating) are becoming most relevant. Such methods allow, for 
example, to achieve high hardness of the modified surface layer, to increase corrosion resistance and 
wear resistance. Often, finely dispersed or nanosized powder materials and a viscous-flowing binder 
are used as modifying components of the coating. However, despite a large number of experimental 
works, questions related to the uniform distribution of alloying elements in the modified surface layer 
remain incompletely studied [1]. 
 
2. Methodology 
The studies were carried out on stainless steel 12Cr18Ni10T. The experimental samples were plates 
with dimensions of 10×10 mm and a thickness of 3 mm. Graphite paste (GOST 8295-73) was selected 
as the alloying material, which was applied to the steel surface with a thin layer of 150±50 μm. 
The surface layer was doped in an automated setup for thermophysical coherent surface modification 
of LRS-50A. 
 
3. Results 
Metallographic studies of the structure showed that in addition to the formation of the modified 
surface layer, a diffusion layer is formed, the microhardness of which is higher than the microhardness 
of the alloy base. This hardening effect is associated with the saturation of the treated surface with 
carbon (up to 1.46%), which is contained in large quantities in graphite coating. Figure 1 shows the 
spectra used to perform elemental analysis and the boundaries of the layers formed as a result of laser 
doping. 
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Figure 1. The surface structure of stainless steel samples after laser alloying at a pulse voltage of 300 
V: a - epoxy resin; b is a modified surface layer; c is the diffusion layer; d is the basis of the alloy (the 
numbers indicate the spectra of determination of elemental composition). 
 
Additionally, measurements of the microhardness of the surface showed its significant increase with 
increasing pulse energy. The maximum value of microhardness H=9.56±0.1 GPa was obtained by 
treatment with a pulse voltage of U=400 V and a radiation spot diameter of 0.5 mm. It should be noted 
that the microhardness of the untreated surface of 12Cr18Ni10T steel is in the range 1.4±0.2 GPa. 
Based on the results obtained, an empirical model of the dependence of the microhardness of the 
modified surface on the laser treatment regimes was constructed (Figure 2). 

 
Figure 2.  Dependence of the microhardness of the modified surface on the laser doping regimes. 
 
Conclusions 
It was established that as a result of laser alloying of 12Cr18Ni10T steel, a layered surface structure 
with increased microhardness is formed. According to the analysis of elemental composition, the 
modified surface layer with a thickness of up to 5 μm consists of iron oxides and carbides. The carbon 
content on the surface of steel samples of the order of 1.4±0.1 at.% Leads to a significant increase in 
microhardness to 9.56±0.1 GPa and allows you to compare it with carbon tool steel. According to the 
results obtained, it can be assumed that the surface of stainless chromium-nickel steel alloyed with 
graphite coating will be more resistant to abrasion and the effect of abrasive particles on it during 
operation. 
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Abstract. In this paper, basing on the thorough comparison of the size measurement results 

obtained by Laser Diffraction (LD) and microscopic methods, we demonstrate the LD method 

to provide reliable and accurate data on the lateral size of two-dimensional graphene oxide 

(GO) platelets. The features of GO light scattering in aqueous suspensions are studied as well.  

1. Introduction 

  Synthesis of graphene oxide (GO) and its subsequent reduction nowadays is regarded as one 

of the most prominent techniques for graphene large-scale production due to its low-cost, high yield 

and simplicity of forming films on various substrates. Within this approach, the lateral size of the GO 

platelets synthesized via liquid-phase graphite exfoliation, play a crucial role in the determination of 

the physical and chemical properties of the subsequently formed GO films. [1]. In particular, the 

electrical conductivity of the film tends to decrease significantly with the reduction of the GO 

platelets’ lateral size due to the increase of the total boundaries length and thus scattering of charge 

carriers. Therefore, analysis of the GO platelets lateral size in obtained suspensions is one of the 

crucial stages for their further studying and application. 

 Several methods are commonly used for GO platelets size determination, such as scanning 

electron microscopy (SEM) and atomic force microscopy (AFM), although these techniques are rather 

complicated. On the other hand, laser diffraction (LD) is a widely used simple, rapid and effective 

method for particle size determination that can be applied to liquid suspensions [2]. However, it is 

considered to be applicable only for suspensions containing spherical particles, not two-dimensional 

structures such as GO platelets. 

 In the presented work, on the base of comparison of the results, obtained by laser diffraction 

size analysis, with SEM and AFM images, we do demonstrate that this method provides the possibility 

to determine the size distribution of GO platelets in aqueous suspensions with relevant accuracy. 

2. Materials and methods 

 Four GO suspensions with different lateral sizes of the GO platelets denoted hereinafter as 

GO#1, GO#2, GO#3, GO#4 were studied. GO#1 and GO#2 suspensions were synthesized by the 

modified Hummers method [3], using GSM-1 and GO350 graphite as a starting material, respectively. 

GO#3 and GO#4 were obtained via sonication of the GO#1 suspension in ultrasonic bath (60 kHz, 75 

W) for 120 seconds and subsequent centrifugation of the obtained suspension (19200 g, 15 minutes). 

The GO#3 sample refers to the supernatant, whereas GO#4 corresponds to the sediment rinsed with 
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the deionized water. GO films were prepared by the Langmuir−Blodgett method on the surface of 

silicon wafers according to the conventional procedure. 

 LD size distribution measurements were performed using Mastersizer 2000. The UV-vis 

absorption spectra of the GO samples were collected by a Shimadzu-2450 spectrophotometer. Surface 

morphology of the GO platelets was analyzed with a Veeco Dimension 3100 atomic force microscope 

operating in the tapping mode by using RTESP probes and scanning electron microscope Jeol JSM-

7001F. For the light scattering measurements suspensions were placed into quartz cuvette and 

irradiated with 532 nm diode laser. The scattering pattern was measured using silicon photodiode 

detector placed on the goniometer. For theoretical calculations MiePlot v4503 software was used. 

3. Results and discussion 

 The size distributions obtained by means of LD measurements have demonstrated progressive 

reduction of the GO platelets lateral size from GO#1 to GO#4 sample. The outmost platelets’ size in 

the obtained GO suspension is 110 μm (GO#1), whereas the smallest platelets with a diameter of about 

0.8-1 μm is demonstrated for the GO#4 suspension. The maximums of the size distribution of GO#2 

and GO#3 samples are, respectively, 10 μm and 25 μm. Such difference in lateral dimensions of the 

GO platelets are both to the use of different graphite precursors having distinct mean size of 

crystallites and disruption of GO platelets due to the sonication treatment.  

 Subsequent analysis of the set of SEM and AFM images of the arrays of GO platelets deposited 

from the studies GO suspensions has allowed us to obtain reference size distribution. The comparison 

of these distributions has pointed out that LD measurements provide the correct position of the GO 

platelets size distribution maximum with an error of less than 10%. Moreover, the overall shapes of 

the distributions obtained from LD measurements and microscopy analysis almost perfectly fit, 

although in the former case it appears to be narrower. This is most probably due to the limitations of 

the software used in the Malvern Mastersizer 2000 device.  

 During the further analysis of the experimentally obtained scattering patterns and their 

comparison with theoretical calculations, we also found that the pattern of static light scattering for 

suspensions of graphene oxide is determined mainly by Fraunhofer diffraction. Thus, the light 

scattering mainly proceeds on the edges of GO flakes, what is additionally verified by the performed 

UV-Vis measurements. Taking into account also the fact that the illumination of the GO suspensions 

with laser radiation leads to alignment of all platelets perpendicular to the direction of the beam [4], 

the obtained data allow us to explain why despite the laser diffraction method is regarded to be 

applicable only for the spherical particles it can provide correct size distributions of the GO platelets. 

4. Conclusion 

Summarizing the results, for the first time the possibility of GO platelets’ size distribution 

measurements in aqueous suspensions by the LD method was demonstrated. Taking cue from the 

experimental study and theoretical calculations of scattering patterns, model accounting for arising of 

diffraction pattern that can be correctly processed with common LD instrumentation was suggested. 
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Abstract. In this work, we propose a simple and effective method to vary the lowest subband 

position in a quantum well system. A nearly continuous variation - from the bottom of the 

quantum well up to a continuous spectrum – can be achieved by inserting a series of thin 

barriers of host material into a quantum well of fixed width. This technique is technologically 

simple and promising in a variety of applications, in particular, for aligning the lowest subband 

position in the sequence of quantum wells in an electric field of an arbitrary configuration, 

including those typical for p–i–n solar cells. 

1. Introduction 

The task of controllable variation of the subband position in quantum wells and, correspondingly, the 
effective bandgap of the structures is of much importance in several optical and optoelectronic 

applications, in particular, in photovoltaic applications of quantum wells. Introduction of quantum 

wells into an i-region of p–i–n solar cell is one of the promising methods for improving its efficiency 

by expanding the absorption spectrum towards the longer wavelengths. The primary problem here is 
concerned with the efficient extraction of photo-generated carriers if the quantum wells are deep to a 

continuous spectrum. The tunneling process can be used to extract carriers by having a resonantly 

aligned lowest subband positions in each well [1, 2]. To provide the resonant alignment of the lowest 
subband throughout the structure, it is necessary to compensate for the voltage drop between the 

neighboring quantum wells due to the electric field of the p–i–n junction by adjusting the position of 

the lowest subband in each quantum well.  
Here we present a method to vary the energy of the lowest subband of a quantum well with fixed-

width over a wide range - almost from the bottom of the well of the up to the continuous spectrum. It 

is provided by embedding a set of thin barriers of the host material into a quantum well [3]. The 

position of the lowest subband is varied by selecting a number and position of the barriers within a 
quantum well. The method is relatively simple technologically, and can be used in the variety of tasks, 

in particular, for aligning the lowest subband position in the sequence of quantum wells in an electric 

field of an arbitrary configuration, including those typical for p–i–n solar cell junction. 
Numerical calculations of the subband positions for various configurations of the embedded barrier set 

showed the possibility to vary the position of the lowest subband over a wide range — practically 

from the bottom of the quantum well up to the continuous spectrum. The results are shown in Fig.1 
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We also studied the effect of barrier set imperfection (blurring of the interfaces) on the lowest subband 

position, and a simple algorithm was proposed for selecting the configuration of the set of the barriers 

embedded into the quantum well to achieve the requested values of the lowest subband energy.  

 

Figure 1. Potential profile of quantum well structures with a different 𝐺𝑎𝐴𝑠/𝐴𝑙0.3𝐺𝑎0.7𝐴𝑠 

configuration of the inserted barriers (a) and distribution of the wave function of the lowest 
energy subband (b). 

 

Table 1.  The calculated energies of the electron lowest subbands for the structures 
presented in Fig.1a. 

Well Number Number of barriers 𝐸𝑒 ,𝑚𝑒𝑉 Expected E, meV 

0 - 6.81 - 

1 3 48.31 50 

2 5 99.57 100 

3 7 151.9 150 

4 8 190.3 200 
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Abstract. The results of experimental studies of current switching by an avalanche GaAs S-

diode in a semiconductor laser pumping circuit are presented. It is shown that the use of 

superfast nonlinear switch allows one to generate an optical pulses with a power of up to 140 

W, a duration of 1 ns, and a rising edge of 300 ps. 

 

 The compact pulsed optical sources of infrared radiation are required for development of 

modern lidars which are used in unmanned vehicles. The transmitters with pulsed optical power from 

several tens to hundreds of Watts are of high interest for the development of lidars with a range of 

several hundred meters. Moreover, reducing the pulse duration to the nano and subnanosecond level is 

a big challenge for developers of such lidar transmitters. As of today, the best results have been 

achieved for pulsed emitters, in which MOSFET and HEMT based on GaN structure are used as 

switch [1, 2]. For them, current pulses up to 30 – 40 A with a duration of 2.4 – 2.5 ns were obtained. 

These achievements allows one to develop pulsed sources with an optical power of 70 – 120 W (the 

rising edge of the optical pulses, which determines the resolution of the range finder, is 1 – 1.5 ns). 

The purpose of this paper is to demonstrate that the use of new principles of switching makes it 

possible to improve the transient characteristics by 2 – 3 times. 

 In this work, experimental studies of the electrical and transient optical characteristics of 

emitting semiconductor microassemblies are presented. The electrical circuit of the microassembly is 

shown in Fig. 1. The principle of operation of the emitting microassembly is as follows. When a 

positive pulse is applied, the capacitor is charged to the switching voltage of the S-diode (around 180 

V). After switching of S-diode to the ON state, the capacitor starts to discharge, and under ideal 

conditions the current pulse with a duration of 2.2 · (L · C)1/2 starts generate. The amplitude of the 

pumping current pulse is determined by the loop impedance (wave impedance and S-diode resistance 

in the ON state). The use of miniature semiconductor components made it possible to reduce the 

length of the circuit down to 1 mm, which ultimately led to decrease in the parasitic inductance of the 

electric circuit down to 1 nH. 

 A 905 nm wavelength semiconductor laser chip based on the structure with three 

InGaAs/GaAs quantum wells was used as an emitter (Osram SPL DS90A_3). The avalanche S-diode 

was fabricated according to the technology described in [3]: a GaAs structure doped with a deep-level 

impurity of iron with a total active region thickness of 25 μm was used. It was previously shown that 

this device operates in superfast switching mode, when the transient time from the closed state to the 

open one is less than the time of flight of carriers through the active region [3]. The mechanism of 

such a switching process can be associated with the generation of collapsing field domains [4]. 
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 The measurements showed that the low inductance and high switching speed of the S-diode 

provide the possibility of generating nanosecond current pulses with an amplitude of more than 40 A. 

The optical pulse measured at a repetition rate of 20 kHz is shown in Fig 2. The duration at half 

maximum is 1 ns; the rising edge does not exceed 300 ps. The measurements were conducted by using 

a New Focus 1014 (45 GHz) high-speed photodetector and a Newport power meter. The pulse shape 

was recorded by using a Tektronix DPO 70804C oscilloscope (8 GHz). Additional measurements and 

calculations showed that the rising edge of the current pulse was at least 1 ns. The shortening of the 

optical pulse rise time down to 300 ps can be explained by the gain-switching effect during superfast 

pumping of a semiconductor laser. 

 

Figure 1. The electrical circuit of the emitting semiconductor microassembly with following elements: 

storage capacitor C=200 pF, total parasitic inductance L=1nH, avalanche S-diode (SD), laser diode 

(LD) 

 

Figure 2. The optical pulse measured at a repetition rate of 20 kHz 
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Abstract. Due to their unique properties and scalable technology, optical devices based on the 

liquid crystals are widely used in industry. In optoelectronics, an LC is used to design the 

optical limiters, switches, and spatial-time light modulators. Response time, electrical 

consumption and optical transmittance are the most important parameters of an electro-optical 

modulator. Temporal parameters substantially depends on the level of the applied supply 

voltage and on the number of layers used in the structure of the LC device. In this paper, it is 

proposed to compare the reflection loss level of samples with pure ITO and samples with ITO 

conducting coating modified by carbon nanotubes (CNTs). 

1. Introduction 

The operation of the electro-optical modulator is based on the birefringence effect. Under external 

exposure, for example, when an electric field is applied, the LC molecules begin to orient along it, 

since they have anisotropy of the refractive index. Therefore, the phase difference between the two 

components is formed, the plane of polarization of the resulting beam is changed, after it modified 

wave from the LC cell passes through the analyzer. When switching the parameters of the control 

voltage, it is possible to control the phase shift, as a result, intensity of the modulated signal by 

analyzer is changing. Structurally, the LC cell consists of an LC mesophase, two conductive coatings 

(ITO), two orienting layers, and also two quartz or glass substrates. Materials based on polyimide, 

polyvinyl alcohol, lecithin, and other are used as orienting coatings. These layers have high electrical 

resistance, many times higher than the resistance of the active LC layer, which is a problem because it 

is necessary to work with higher voltage values. ITO coatings modified with CNTs simultaneously 

performs contact and orienting functions, as a result, it isn't necessary to use high resistive orienting 

layers [1]. In this work, we continued research aimed at studying these nanostructured ITO coatings 

taking into account reflection losses. 

2. Materials and methods 

To modify the conducting ITO coating by the CNTs, we used a laser-oriented deposition (LOD) 

system based on a CO2 laser (λ = 10.6 μm), which operated in continuous regime with P= 30 W and a 

beam diameter of 5 mm. The beam moved at a speed of 1-3 cms-1 during surface processing. To 

orient CNTs in the deposition process, an electric field in the range of 100-600 Vcm-1 was used. To 

avoid chemical interaction with the media, the process took place in a vacuum chamber. This 

approach, in contrast to the widely used CVD and PVD methods, has the advantage of not requiring a 
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large amount of substance, and also ensures the purity of the deposited material. The difference 

between the samples is in the conductive layers. First group has pure ITO films, samples of the second 

group have the ITO + CNT modification. Notice that the sizes of CNTs with a refractive index of 1.1 

are of the order of ten nanometers, and the average ITO film thickness is 0.1 μm. During their 

interaction, a covalent bond is formed and the optical properties of the conductive layer change 

significantly [2]. Additionally, the obtained surface topography of the structured ITO contact was 

investigated by Solver Next AFM. 

3. Results 

For LC cells, there are two main types of losses: reflection (Fresnel) and absorption (Bouguer-

Lambert-Beer). We limit ourselves to Fresnel reflection losses. Nevertheless, the resulting 

transmission for j interfaces can be divided into the Fresnel (TFr,total) and Bouguer-Lambert-Beer 

(TBLB,total) components: 

 𝑇𝑡𝑜𝑡𝑎𝑙 = [∏
4𝑛𝑖𝑛𝑖+1

(𝑛𝑖+𝑛𝑖+1)
2

𝑗−1
𝑖=1 ] ∙ 𝑒𝑥𝑝[−∑ 𝑘𝑖+1(𝜔)𝐿𝑖+1

𝑗−1
𝑖=1 ] = 𝑇𝐹𝑟,𝑡𝑜𝑡𝑎𝑙 ∙ 𝑇𝐵𝐿𝐵,𝑡𝑜𝑡𝑎𝑙 (1) 

Where ni, ni+1 — refractive and absorption 𝑘λ,𝑖  indices of the respective medias; Li  — medium length.  

For conductive coatings, a significant dispersion of the refractive index is observed, which affects the 

spectral dependence of the Fresnel transmission of the LC cell.  

Table 1. Transmittance estimation (using the Fresnel losses) for 2 types of the samples  

Wavelenght, nm 

Pure ITO ITO+CNTs 

Refractive index 
Total 

transmittance, % 
Refractive index 

Total 

transmittance, % 

340 2.10 84.71 1.75 91.46 

370 2.31 79.31 1.92 88.69 

400 2.03 86.36 1.67 92.29 

500 1.40 91.80 1.40 91.80 

600 1.42 92.05 1.42 92.05 

720 1.49 92.63 1.51 92.71 

The resulting transmission, using Fresnel losses taken into account, for the LC cell was obtained 

from the calculation that nair=1, nquartz=1.46, nLC=1.65. The dispersion of the refractive indices in the 

considered wavelength range is negligible. Notice that in the violet-blue region of the visible 

spectrum, the Fresnel transmission for samples with a modified ITO coating is several percent higher. 

This is due to the fact that CNTs affect the optical properties of the conductive coating via covalent 

bonding formation, which allows them to be better conformed to the LC mesophase. The procedure 

proposed leads to decrease significantly the temporal parameters of the current LC up to 1 ms and 

less. 
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Abstract. In this work, we studied multi quantum well (MQW) heterostructures based on 

CdS/ZnSe with discontinuities of zones of the type-II. Laser structures were studied by 

cathodoluminescence (CL), atomic force microscopy (AFM) and scanning spreading resistance 

microscopy (SSRM), X-ray diffraction and luminescent microscopy (LM). Here we report one 

measurement result obtained by the method of low-temperature CL, which is a universal 

method for rapid diagnostics of any laser structures, in particular A2B6 compounds when 

working out the technology of their growth. The investigated heterostructures are supposed to 

be used in semiconductor lasers with longitudinal optical pumping. The paper will also present 

preliminary results obtained using this heterostructure in a laser with a microresonator and 

longitudinal optical pumping by a nitrogen laser radiation (337nm). In the future, it is planned 

to create a semiconductor disk laser (SDL) based on such structures, which is the ultimate goal 

of the authors of this work. 

1. Introduction 

 

The intensive development of optical-pumped SDL is associated with the ability to generate high-

power radiation at high beam quality with diffraction divergence in a wide spectral range of 

wavelengths [1]. The intracavity generation of the second harmonic in such lasers using A2B6 

compounds makes it relatively easy to master the actual average ultraviolet range of the spectrum 

(~240-280 nm). We are currently investigating the possibility of using a heterostructure CdS/ZnSe 

type-II in SDL. Due to the close refractive indices of the layers of this periodic structure, this 

heterostructure does not have the effect of displacing the mode beyond the band gap of the photon 

crystal and from the center of the gain line, which is the main advantage of this heterostructure. 

Another interest in this heterostructure lies in the small internal absorption during inhomogeneous 

pumping of QWs, which is related to the peculiarity of the zone diagram of this heterostructure. 

However, it should be noted that this heterostructure refers to heterostructures with discontinuities of 

zones of the second type, which leads to spatial separation of the charge carriers generated by 

pumping, which in turn reduces the rate of radiative recombination and can lead to an increase in the 

generation threshold in the laser. 

2. Experiment 
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In this work, structures with 10 ZnSe/CdS/ZnSe QWs separated by ZnSxSe1-x barriers were grown by 

metal-organic vapor phase epitaxy on GaAs substrate. The thicknesses of the ZnSe and CdS layers 

varied depending on the desired wavelength available based on this heterostructure. The ZnSxSe1-x 

barrier layers had a thickness of about 90 nm. The period of the heterostructure has a thickness of 

about 100 nm, which is chosen from the condition of resonant periodic gain. Elastic stresses on QWs 

were compensated by an increase in the composition of sulfur in the barriers. The total thickness of 

heterostructures with 10 QWs is about 1.2 μm. 

3. Experimental results and discussion 

Figure 1 shows the spectra of low-temperature CL (T<14 K) of one of the grown structures 

containing 10 QW in the different excitation depths. The coincidence of the maxima of the emission 

spectra indicates that all the QWs are almost identical. This in turn means that these heterostructures 

are less susceptible to solid-state diffusion at epitaxial growth temperatures in contrast to the 

previously studied Zn(Cd)Se/Zn(Mg)SSe type heterostructures [2, 3], which is associated with 

stronger sulfur chemical bonds. Based on this heterostructure, firstly we realized a semiconductor 

laser emitting in the green region of the spectrum both during longitudinal pumping of a 

microresonator and transverse pumping with a nitrogen laser emission [4]. The conducted research 

and the obtained results indicate that, despite the discontinuities of zones of the second type, the 

studied heterostructure is promising for green-band semiconductor lasers with optical pumping. 

 

Figure 1. Spectra of the CL of the structure at low temperature (T <14 K) and different excitation 

depths 
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Abstract. Two laser heterostructures with active region based on seven InGaAs quantum wells 

and active region based on InGaAs/InGaAlAs superlattice were grown on InP substrates by 

molecular beam epitaxy. Both active regions were designed for vertical-cavity surface-emitting 

lasers of 1535-1565 nm spectral range and had total thickness about 80-90 nm. Optical 

characteristics of stripe lasers fabricated from grown laser heterostructures were studied and 

compared.  

 

Keywords: molecular beam epitaxy, vertical-cavity surface-emitting laser, heterostructure, 

quantum well, superlattice 

1. Introduction 

Strained quantum wells (QWs) are typically used in vertical-cavity surface-emitting lasers (VCSELs) 

operating in the 1535-1565 nm spectral range to increase the differential optical gain and, as a result, 

to increase a frequency of small-signal modulation of the VCSELs [1]. Unfortunately, light 

amplification is absent in potential barriers dividing strained QWs. As an alternative, potential barriers 

can be used in light amplification in superlattice and modal gain can be increased because of miniband 

formation in semiconductor layers [2]. 

2. Experiment 

Two laser heterostructures were grown by molecular beam epitaxy (MBE) on InP (100) substrates. 

Laser heterostructures consisted of an n-type In0.52Al0.48As emitter with a thickness of 1000 nm, an 

In0.53Ga0.27Al0.2As waveguide with a thickness of 600 nm containing an active region  in  its center, a 

p-type In0.52Al0.48As emitter with a thickness of 1500 nm, and a contact layer made of p-type 

In0.53Ga0.47As with a thickness of 200 nm. Active region of heterostructure H1 consisted of 7 strained 

In0.74Ga0.26As QWs sandwiched between In0.53Ga0.27Al0.2As barriers [3]. Active region of 

heterostructure H2 consisted of 29 period In0.60Ga0.40As/In0.52Ga0.27Al0.21As superlattice. Both laser 

heterostructures were used for 100-um wide stripe laser diodes fabrication.  

Fabricated lasers were studied by electroluminescence technique. It was shown that the active region 

of heterostructure H2 demonstrates a greater gain at equal values of the pump current density 

compared to the active region of heterostructure H1. For example, when the pump current density is 

3000 A/cm2, which is typical value for the VCSELs lasing threshold, the gain in the heterostructure 

H2 is 49 cm-1, whereas the heterostructure H1 demonstrates only 33 cm-1, which is about 1.5 times 

lower. Thus, the obtained results suggest that replacing the active region of VCSELs based on 7 QW 

207



with an active region based on the short-period InGaAs/InGaAlAs superlattice should improve the 

performance of VCSELs and can reduce the threshold current and increase the frequency of small 

signal modulation of the VCSELs [4]. 

Obtained results can be used in designing of compact active regions for VCSELs application. 
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Abstract. This work describes design engineering and manufacturing technology used for 808-

nm high power quasi continuous wave (QCW) laser diode arrays (LDAs). An optimum 

composition for the AuSn thin-film solder is selected based on the study and the developed 

soldering method used to solder the LDAs. Reliability of the manufactured emitters is 

estimated. 

1. Introduction 

Innovative solutions in high power semiconductor laser emitters with a spectral range of 790-810 nm 

offer new potential applications for optical pumping of various diode-pumped solid-state lasers [1]. 

Wide investigations, focused on the design engineering and the manufacturing technology 

development for laser emitters based on LDAs, were carried out [2, 3], as part of the process to 

establish and ramp up domestic manufacturing of diode-pumped solid-state lasers.  

 

2. Results and Discussion 

The obtained technological solutions were used to manufacture the LDAs, which are comparable to 

the world analogues, in terms of their quality (Fig.1).  

 

Figure 1. Characteristics of manufactured QCW laser diode arrays. 
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The engineered LDA design is distinguished by passive heatsinks which are intended for mounting 

laser bars. The laser bars are mounted as a set of series-connected array elements – laser submodules. 

At the same time, the materials and the method used to solder the laser bars to the heatsinks were very 

important from the standpoint of determining long-term stability of the LDAs output characteristics, 

and as a consequence of this, their reliability. Results of the study and the developed soldering method 

allowed us to conclude that, the Au(80)Sn(20) solder with the total thickness of 5-7 μm obtained by 

electron-beam evaporation of alternating thin tin and gold layers, ensure reproducible quality of the 

soldering due to sufficient wetting of the laser bars metallization by the solder [4] (Fig.2). 

  

Figure 2. Backscattered electron mode image of the solder joint between the laser bar and the 

heatsink, with the surfaces sufficiently wet by the solder. 

According to the results of the accelerated ageing  tests performed to study the degradation 

rate of high power 808-nm QCW LDAs, in terms of its dependence on the laser-emitter heatset 

temperature, lifetime of the manufactured emitters in case of nominal operating mode exceeds 109 

shots. 
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Abstract. Symmetrical p-Si/MoOx and n-Si/LiF/Ta structures were made. The temperature 

dependences of I–V characteristics of structures with selective contacts based on molybdenum 

oxide and lithium fluoride were measured. Different behaviour of the I-V characteristics in the 

wide temperature range up to liquid nitrogen for the structures was shown.  

1. Introduction 

 

Currently, there is growing interest in the use of renewable energy sources, including solar energy, the 

main areas of development of which is the development of new configurations of solar cells in order to 

increase efficiency and reduce cost. The cost of solar cells manufacturing is strongly influenced 

primarily by the cost of the substrate and energy costs for technological processes. For example, when 

creating a back metal contact to the most common silicon solar cells, high-temperature aluminium 

burning is used (T > 600°C). 

Recently, there has been a growing interest in systems of materials with selective properties with 

respect to the transport of charge carriers of a certain sign, in particular, to selective contacts [1, 2]. So, 

for example, in [3] it was shown that selective contacts based on molybdenum oxide can be 

successfully used in the solar cells manufacture, where the efficiency reaches 18%. It is known that 

measurements of the solar cell efficiency are performed at 25 ° С; however, their operation can also be 

carried out at low temperatures, where the parameters of the band structure of the silicon / selective 

contact system may change. The aim of this work is to study carrier transport through selective 

contacts based on molybdenum oxide and lithium fluoride using silicon substrates of various doping 

levels and types of conductivity over a wide temperature range. 

2. Experiment details 

Silicon wafers with doping level of 10
15

-10
17

 cm
-3

 were used as a substrate. Lithium fluoride was 

deposited on n-Si(100) by thermal evaporation throw metal hard mask with hole diameter of 0.5 and 1 

mm. Prior the deposition the silicon wafer was dipped into HF(1:10) to etch silicon oxide layer. Next 

tantalum film was deposited onto LiF layer by magnetron sputtering to form metal contact without 

opening the vacuum chamber. On the bottom side of the wafer the same procedure was performed 

(excluding the hard mask). Thus, a symmetrical structure was obtained (Fig 1). 
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Molybdenum oxide (VI) was deposited on p-Si(100) by thermal evaporation throw metal hard mask 

with hole diameter of 0.5 and 1 mm. Prior the deposition the silicon wafer was dipped into HF(1:10) to 

etch silicon oxide layer. Next aluminium film was deposited onto MoOx layer by magnetron 

sputtering to form metal contact without opening the vacuum chamber. On the bottom side of the 

wafer the same procedure was performed (excluding the hard mask). Thus, a symmetrical structure 

was obtained. 

 

Figure 1. Schematic representation of the n-Si/LiF/Ta structure  

3. Results and discussion 

Comparative measurements of the current-voltage characteristics showed that with decreasing 

temperature, the shape of the I–V characteristics changes in the direction of lowering operating 

currents. In the case of n-Si/LiF/Ta, even at 0°C, the current values decreased by an order of 

magnitude, while for the p-Si/MoOx system, the temperature dependence of the I–V characteristic 

showed a nonlinear character passing through the maximum. 

The paper also presents the results of computer simulation of these systems in comparison with the 

obtained experimental data. 
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Abstract. Influence of morphology of poly(3,4-ethylenedioxythiophene) polystyrene sulfonate 

(PEDOT:PSS) layer on performance of bulk heterojunction (BHJ) organic solar cells is 

analysed. Morphology depends on next technological factors: dispersity of PEDOT:PSS 

solution, substrate treatment, drying, PEDOT:PSS treatment. It is shown that samples with 

layer roughness less 10 nm have the best performance. Layer roughness was studied by atomic 

force microscopy (AFM). 

1. Introduction 

In organic solar cells (OSCs) poly(3,4-ethylenedioxythiophene):polystyrene sulfonate (PEDOT:PSS) 

is intermediate layer between anode contact made of indium tin-oxide (ITO) and active layer. As the 

active layer, the blend of poly(3-hexylthiophene) (P3HT) and [6,6]-phenyl-C61-butyric acid methyl 

ester (PCBM) was used in experiment. PEDOT:PSS reduce the potential barrier during hole injection 

and provide ohmic contact between anode and active layer [1]. Influence of PEDOT:PSS morphology 

on performance of OSCs is shown in this paper.  

 

2. Experimental 

Glass substrates with size 2.5x2.5 cm and ITO layer with thickness of 150 nm were sonicated in 

surfactant solution for 15 minutes at 70 °C. After sonication they were washed in deionized water and 

treated in acetone at ambient temperature. The next steps of preparing substrates were sonication in 

isopropyl alcohol (IPA) at 65 °C and drying for 10 minutes at 140 °C with further ultraviolet-ozone 

(UV-Ozone) treatment for 30 minutes. 

PEDOT:PSS was spin coated at 2500 rpm. Layer thickness was 80 nm. For better uniformity 

PEDOT:PSS were treated by ultrasonic disperser and filtered by syringe polytetrafluoroethylene 

(PTFE) filters.  

Blend P3HT:PCBM (concentration 20 mg ·mL-1, weight ratio 1:1) was prepared in the glove box at 

nitrogen atmosphere. It was soluted in chlorobenzene and spin coated for 2 minutes at 1000 rpm with 

further drying for 15 min at 140 °C. The layer thickness was 100 nm. 

Aluminum electrode with thickness of 100 nm was deposit in the thermal evaporation chamber. 

PEDOT:PSS morphology was studied by nondestructive [2] atomic force microscopy (AFM). For 

excluding the influence of AFM on OSCs performance, two samples were fabricated with 

PEDOT:PSS, which was spin coated for each sample in the same way. Before next technological steps 

the AFM was made on one of them. If performance difference of both samples was more than 10%, 

these samples were discarded and the results were not used for analysis.  
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3. Results and discussion 

Experiments shows that PEDOT:PSS layer morphology significantly depends on dispersion of 

solution, as well as substrate preparing, drying and solution treatment. Optimization of these processes 

allows to reach repeatable PEDOT:PSS layer uniformity with roughness less than 10 nm, that is shown 

on Fig. 1a. J-V curves of such structure are shown on Fig.2 (blue curve). It is visible that this structure 

has the best performance. 

 

 
Figure 1 (a,b) (a) AFM-image of PEDOT:PSS layer with roughness less 10 nm (b) J-V curves of 

OSCs with different roughness  

 

J-V curves of devices with PEDOT:PSS roughness 20 nm (orange dashed curve) and 30 nm (green 

dash-dotted curve) are shown on Fig 1b. It is clearly seen that roughness increasing provides 

monotonically but not harsh decreasing of OSCs performance. Roughness increasing is due to 

complicated chain-like chemical structure of PEDOT and PSS molecules. It makes dense packing of 

molecules in uniform layer difficult. 

Another reason for nonuniform PEDOT:PSS layer is large particle agglomeration from aqueous 

solution. Hydrophobicity of PEDOT is due to this agglomeration. Because of that reason roughness of 

PEDOT:PSS layer can be 70 nm and more. OSCs with such structure contain many vertical 

conductive channels and as a consequence leakage currents. On J-V curve this case is shown on Fig 1b 

(red curve). Open circuit voltage is significantly decreased and current density-voltage characteristic 

becomes linear.  

4. Conclusions 

PEDOT:PSS layer morphology significantly affects on performance of OSCs. The best performance is 

observed with roughness less 10 nm. Performance becomes worse in the values of roughness 10-30 

nm. Further increase of roughness make performance much worse because of particle agglomeration 

with particles size more than 70 nm. 
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Abstract. In this work, we have studied the phase switching in structures based on the 
Ge2Sb2Te5 (GST) composition and their optical parameters of reflectivity and transmissivity at 
1550 nm wavelength after exposure to the pulse of 403 nm nanosecond laser. We investigated 
24 nm GST single-layer structure and found large optical losses due to the reflection and 
transmission at 1550 nm radiation. To achieve the least optical losses, we added additional 
SiO2, Si and Si3N4 layers to the structure. This allowed reducing optical losses up to 5% for 
absorption and 4% for undesirable reflection with the amorphous GST layer, and 16% for 
absorption and 5% for undesirable transmittance with the crystalline GST layer. 

1. Introduction 
Currently, systems of integrated optics are actively developing. Their widespread use is limited by 
high energy consumption, low switching speed, sufficiently large sizes, large-signal delays, double-
conversion of information from optical to electric signals and back. The chalcogenide glassy 
semiconductors of the GST composition have a reversible, fast, and low-energy phase transitions 
between amorphous and crystalline states with significantly different complex refractive index values 
[1]. The application of these GST properties in photonic multilayer structures makes it possible to 
efficiently deflect an optical signal and switch it in predetermined directions. So, in this work, we 
investigated changes in the optical properties of reflectivity and transmissivity in multilayer optical 
structures after phase switching of the GST layer from the amorphous to the crystalline state. 

2. Theory and experiment 
For the normal incidence of an electromagnetic wave, reflectivity ℜ and transmissivity  of a 
multilayer structure are determined by the following recurrence Airy relations: 
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where rm,N and m,N are reflection and transmission coefficients, starting with the medium m-1 and 
ending with the medium N+1; m, N are layer numbers (m < N); n̅m is complex refractive index of the 
medium material m; h is layer thickness of the medium material m;  is vacuum wavelength; rm-1,m, 
rm,m+1 … rN-1,N, rN,N+1 and m-1,m, m,m+1 … N-1,N, N,N+1 are the Fresnel reflection and transmission 
coefficients, respectively, for adjacent mediums. We performed modeling of multilayer structures, and 
selected materials and layer thicknesses in such a way that after the phase switching of the GST layer 
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from the amorphous to the crystalline state, the multilayer structure transmitted or reflected radiation 
of 1550 nm with the least optical losses. Single-layer 24 nm GST was fabricated by magnetron 
sputtering. Ellipsometry was used to determine the complex refractive index of layer materials. To 
change the phase state of the GST layer, we used the nanosecond laser (Cube 403-100C, Coherent) 
with a 403 nm wavelength. Raman spectroscopy was used to define phase states. Microscopy of the 
switched areas was performed using the atomic force microscope (Ntegra-Spectra, NT-MDT SIL). 
Using photodiodes (818-BB-21, 818-BB-30, NewPort), we determined ℜ and  in switched area.  

3. Results and discussion 
Modeling of the single-layer 24 nm GST / SiO2 substrate structure showed the presence of sufficiently 
large optical losses for 1550 nm radiation (2% absorption and 22% undesirable reflection for the 
amorphous GST layer, and 20% absorption and 25% undesirable transmittance for the crystalline GST 
layer). The measured using photodiodes optical parameters nearly corresponded to the modeled ones. 
To achieve the least optical losses, we added SiO2, Si and Si3N4 layers to the structure. The resulting 
structure 100 nm SiO2 / 110 nm Si / 90 nm SiO2 / 50 nm GST / SiO2 wedged substrate / 190 nm Si3N4 
had the following optical characteristics shown in the Fig. 1(a). As can be seen from the figure, optical 
losses decreased to 5% for absorption and 4% for undesirable reflection for the amorphous GST layer, 
and 16% for absorption and 5% for undesirable transmittance for the crystalline GST layer. Reduction 
of the GST layer thickness to less than 50 nm increases the losses on undesirable transmission in the 
crystalline state. Enlarging the thickness to greater than 50 nm increases the losses on the absorption at 
the 1550 nm radiation of the GST layer. Therefore, the optimal option is the GST layer thickness of 50 
nm. Absorption optical losses are caused by the fact that GST is not optically transparent at 1550 nm 
radiation. Full transparency is characterized by a lack of the imaginary component of the complex 
refractive index n̅. For example, Fig. 1(b) shows the case of modeling an ideal multilayer structure 
with adjusted values of n̅. Obtaining of the GST material with such optical parameters is possible 
using another phase material (Ge1Sb4Te7) or modifying impurities (Si, Se). 

Figure 1(a, b). Dependences of ℜa and ℜc, a and c on the GST layer thickness h in the amorphous 
and crystalline states at 1550 nm radiation for the modeled 6-layer structure: (a) for the real n̅ of the 
GST layer for the amorphous (n̅ = 3.8+0.6i) and crystalline (n̅ = 6.3+1.2i) states; (b) for the unreal n̅ 
of the GST layer for the amorphous (n̅ = 3.8) and crystalline (n̅ = 9.5) states.

 
Thus, the model and experimental studies of the multilayer structures based on the GST composition 
allowed us to select materials, layer thicknesses and reduce optical losses. The construction of 
complex photonic crystals based on such multilayer structures will make it possible to perform fully 
optical routing in integrable fiber-optic systems 
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Abstract. The results of research of changes in the dynamic characteristics of various spectral 

components of the full electroluminescence spectrum of green InGaN-based LEDs during tests 

under the pulsed current of increased density are presented. It was found that a decrease in the 

LED radiation power after 200 hours of testing is accompanied by an increase in the 3dB 

frequency of modulation of electroluminescence, while an increase in the 3dB frequency of the 

short-wavelength components of the spectrum is greater than the long-wavelength ones. The 

results obtained indicate that the process of defect formation during testing proceeds more 

intensively in the areas of the heterostructure with a low In concentration. 

 

Despite the improvement of manufacturing technologies for LEDs based on group III nitrides, 

changing their electrophysical and optical characteristics during operation remains one of the key 

problems. A number of studies [1] showed that significant changes in the characteristics of LEDs occur 

at the run-in stage in the first 100 – 1000 hours of operation at rated direct current and are usually 

associated with processes in the heterostructure, which cause, inter alia, changes in the parameters of the 

radiative and non-radiative recombination and, as a consequence, a change in the dynamic characteristics 

of electroluminescence. Of practical interest is the investigation of the possibility of reducing the 

duration of the run-in stage of LEDs by conducting their accelerated tests. The purpose of the work was 

to research changes in the 3dB frequency of various spectral components of the electroluminescence 

spectrum of InGaN-based LEDs when tested under the pulsed current of increased density. 

We studied commercial green InGaN-based LEDs produced by Cree with a central wavelength of 

the emission spectrum of 525 nm and a rated operating current of 20 mA. LEDs were tested at an 

ambient temperature of 25 °C for 200 h at the following values of pulsed current parameters: amplitude 

current value is 300 mA, pulse duration is 100 μs, period is 10 ms. The temperature of the active region 

of the LEDs during testing did not exceed 30 °C. 

The 3dB frequency of separate spectral bands of the LED electroluminescence spectrum was 

measured on a hardware-software complex that included a DG4162 functional generator, an Ocean Optics 

USB2000+ spectrometer, and a computer with LabView software [2]. The principle of the complex’s 

operation is to measure the LED electroluminescence spectra when the pulse current frequency increases 

from 1 kHz to f3dB, at which the optical signal level drops 1.19 times relative to the level at the lower 

modulation frequency. A computer program extracts from the general spectrum the separate components of 

the spectrum with a step of 1.5 nm, saves their amplitude-frequency characteristics to the text file and 

calculates the 3dB frequency. 
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In fig. 1, the solid line shows the characteristic dependence of the 3dB frequency on the 

electroluminescence wavelength before testing one of the investigated LEDs, measured at a current of 

500 μA, which corresponds to the maximum of the external quantum efficiency. The dashed line 

shows the normalized emission spectrum of the LED. The dependence f3dB(λ), which is characteristic 

of all 15 pieces of LEDs of the studied sample, has a nonmonotonic character. The most significant 

changes in the power P of the optical radiation of the LEDs and the 3 dB frequencies occur in the first 

100 hours of accelerated testing. With further testing, the rate of change in performance decreases. 

It was determined that an increase in the emission power P is accompanied by a decrease in the  

3dB frequency, and a decrease in P is accompanied by an increase in f3dB. In fig. 2, the solid line 

shows the relative change in the 3dB frequency after 100 h of testing the afore-referenced LED. The 

graph shows that an increase in the 3dB frequency of the short-wavelength components of the 

emission spectrum is 2–3% more than an increase in the 3 dB frequency of the long-wavelength 

components. As a result of tests, the LED emission power decreased by 10%, and the shape of the 

spectrum practically unchanged. 

 
 

Figure 1. The dependence of the 3dB frequency on 

the emission wavelength, measured at a current  

of 500 μA 

Figure 2. The relative change of the 3dB frequency  

after 100 hours of testing 

An increase in the 3dB frequency indicates a decrease of the charge carriers lifetime during 

nonradiative recombination due to an increase in the defects density in the structure [3, 4]. According to the 

model of the inhomogeneous distribution of the In concentration over the active area of the heterostructure 

[5], the short-wavelength wing of the emission spectrum is formed by local areas of the heterostructure 

with a low In concentration, and the long-wavelength wing is formed by local areas with a high In 

concentration. Thus, the results obtained indicate that the process of defect formation during testing 

proceeds more intensively in areas of the structure with a reduced In concentration, characterized by large 

values of the band gap and current density. The results will be used to develop a methods for stabilizing 

changes of the LEDs characteristics in the first hundreds of hours by reducing the stage of rapid 

degradation due to accelerated tests under the pulsed current of increased density. 
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Abstract. The laser power converters (LPC) for high power monochromatic light, based on 

metamorphic InGaAs heterostructures and included distributed Bragg reflector (DBR) have 

been investigated. Such LPCs cover the atmospheric transmission window (λ=1-1.1 µkm) and 

can be practically used for wireless energy transmission systems. The DBR stabilised high 

level of LPC quantum efficiency (spectral response) at the In0.18Ga0.82As absorption edge that 

with combination of maximal operating voltage allowed achieving energy conversion 

efficiency about 52% at λ = 1.06 µm and 55% at 1.02 µm. 

1. Introduction 

The laser power converters (LPCs) for the radiation with λ=1–1.1 µm (atmospheric transparency 

window) are needed for wireless energy transmission systems, for example, for recharge household 

unmanned aerial vehicles. In our work [1] the In0.23Ga0.77As LPC with efficiency more than 50% 

(λ=1064 nm) was obtained. The composition of the active region («x»=0.23) allows obtaining a good 

collection of charge carriers from the base region and a high value of the external quantum efficiency. 

However from the voltage optimization viewpoint, the indium composition should be reduced more.  

2. Experimental details 

LPC structures were grown by MOVPE (metal-organic vapour phase epitaxy) and based on InGaAs 

solid alloys grown over metamorphic buffer on GaAs-n substrates [2]. The composition of InxGa1-xAs 

active area was varied from x=0.23 to 0.18 in order to increase the operating voltage due to band gap 

energy increasing. 

Based on the refractive indices we obtained earlier [3] for InxGa1-xAs materials with various 

compositions “x”, we calculated the InxGa1-xAs/InxAl1-xAs DBRs centring at wavelengths in the range 

λ=1-1.1 μm. The main technological difficulty in using DBR is doping of super lattice which includes 

aluminum-based wide band-gap layers (InAlAs). In case silicon doped DBR, noticeable resistive 

losses are observed [4], which can be caused by energy barriers near the heteroboundaries, which arise 

due to discontinuity of valence or conduction bands. We have used tellurium as a shallow donor that 

allw reducing the series resistance of DBR to five orders of magnitude.  

The LPCs were manufactured with size 3×3.4 nm. The LPC I-V characteristics were measured at in 

the two regimes: high-power fiber-guided pulsed laser (λ=1.064 μm) with 1.5 msec pulse duration 

laser and Xe flash lamp (uniform illumination over sample surface and absence of the overheating at 

IV curve recording) that allow estimating efficiency of monochromatic radiation conversion in the 

range λ=1-1.1 µkm. 
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3. Results and discussion 
Fig. 1 a shows a comparison of the Voc-P (open circuit voltage – laser power) dependences for the In0.23Ga0.77As 

and In0.18Ga0.72As LPCs. The composition of In0.18Ga0.72As is almost boundary for the conversion of radiation 

with a wavelength of λ = 1064 nm, but still can be used due to Urbach tail [5]. The difference in open circuit 

voltage for LPCs with these compositions is about 0.067 eV in the all laser power range that correlates with 

theoretical difference between the In0.23Ga0.77As and In0.18Ga0.72As band gaps (0.0675 eV). It means that the 

operating voltages for both LPCs are maximal and are determined mainly by band gaps of ternary alloys. The 

In0.18Ga0.72As LPC with embedded DBR consisting of 12 pairs of InxGa1-xAs/ InxAl1-xAs layers allows 

additionally improved the Voc. It can be explained by the following. The using DBR allow reducing the thickness 

of InxGa1-xAs active area (base and emitter) two times, because of double optical path of photons in the spectral 

range where DBR have maximal coefficient of reflection. In this case the operating voltage is determined only 

by In0.18Ga0.72As band gap. Moreover, DBR improve the external quantum response of LPC practically at the 

absorption edge. In our case DBR had the maximal reflection in the range λ=1.02-1.06 µkm and as a result the 

LPC spectral response was stabilised at the high level in this spectral range (Fig.1 b). The high SR in the long 

wavelength region proves that technological conditions were found under which the negative effects of tellurium 

(the memory effect and the segregation of large radius atoms [6]) were suppressed.  
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Figure 1. Dependences of the open circuit voltage (Voc) on the laser power radiation (P) for InxGa1-xAs 

LPCs with different indium composition (a); and the spectral response of In0.18Ga0.72As with DBR 

consisting of 12 pairs of InxGa1-xAs/ InxAl1-xAs layers. 

 
As a result of the voltage increase (due to the minimum concentration of indium in the LPC with In0.18Ga0.72As 

active region) and the use of InGaAs/InAlAs DBR, which allow stabilized spectral high response at the InGaAs 

absorption edge, the record efficiency (for such type of LPC) for monochromatic light conversion was achieved: 

about 52% at λ = 1.06 µm and 55% at 1.02 µm. 
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Abstract. The results of a study of multilayer p-n heterostructures based on InAsSbx solid 
solution (0.3 <x <0.35), with a long-wavelength photosensitivity boundary of λ0.1≈9.5 μm at 
room temperature are presented. The volt-ampere and spectral characteristics of photosensitivity 
and electroluminescence were analyzed in the temperature range 80-300 K. It is shown that the 
photoelectric properties are determined by the diffusion mechanism of current flow, and 
experimental samples of photodetectors based on them are characterized by a quantum efficiency 
of Si≥1 A / W. 

1. Introduction 
InAsSb solid solutions are used to create photodetectors based on structures with homo and hetero p-n 
junctions, barrier structures with bulk layers and superlattices, photosensitive in the MWIR spectral 
range, operating in a wide temperature range [1]. Such photodetectors are used in gas analysis 
instruments, low-temperature high-speed pyrometry and thermal imaging systems. 
The use of InAsSbх solid solution in the composition region x≥0.3 opens up the possibility of using the 
already developed technological approaches for creating photodiode photodetectors operating in the 
long-wavelength region of the spectrum λ = 8-14 μm [2]. n this paper, we study the photoelectric 
properties of p-n heterostructures with a photosensitive InAsSbх region in the composition range 0.3 <x 
<0.35 with a long-wavelength photosensitivity boundary λ0.1≈9.5 μm at room temperature.. 

2. Experimental results 
Epitaxial structures were obtained by LPE on InAs (100) substrates, and contained: N-InAsSb buffer 
layers with a total thickness of 4 μm, a photosensitive InAsSbX layer (x ≈ 0.35) 2-3 μm thick, a P-
InAsSb (P) contact layer, 2 microns thick. Using multi-stage photolithography and plasma-chemical 
etching, we fabricated “flip-chip” samples with a photosensitive region D = 40, 90, 180, and 270 μm. 
For research, the samples were mounted on subcrystal boards and docked with immersion lenses made 
of Ge with a diameter of 3.5 mm. The study of electroluminescence and photoelectric characteristics 
was carried out using a pumped cryostat in the temperature range 77-350 K and a VERTEX 70v Fourier 
spectrometer, a HgCdTe (77 K) photodetector and a Keithley SourceMeter 6430 source meter and a 
LCR E4980A precision meter. 
An analysis of the current – voltage characteristics showed that as the temperature decreases from room 
temperature to 150 K, the characteristic acquires a pronounced diode character, while the temperature 
dependence of the dark current has an exponential character Jsat ~ 1 / exp (Ea / kT) with an activation 
energy of Ea = 200 meV close to the band gap of the photosensitive region, which indicates the diffusion 
mechanism of current flow in the studied temperature range. The dependence of the dark current density 
on the band gap of the photosensitive region at room temperature, made using data obtained on 
photodetectors with InAsSbx photosensitive regions in the composition region x <0.3, has an exponential 
character Jsat ~ 1 / exp (hν0.5 / kT) with energy activation close to the band gap of the photosensitive 
region, which also indicates the diffusion mechanism of current flow and the insignificant contribution 
of the generation-recombination mechanism to the dark current. An analysis of the current – voltage 
characteristics depending on the size of the photosensitive region and the modulation frequency shows 
the absence of a noticeable contribution of surface states to current flow, but may indicate the presence 
in the dark current, a small (within 10–15%) component associated with carrier generation through deep 
levels. The photoresponse spectra are characterized by a long-wavelength photosensitivity border hν0.5, 
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close to the band gap of the photosensitive region, and the temperature dependence hν0.5 = f (T) is well 
approximated by the function hν0.5 = 205-0.6 × T2 / (T + 500), with coefficients corresponding to the 
coefficients of temperature change in the InSb band gap [3]. 
A comparison of the experimental data on the long-wavelength photosensitivity boundary and the 
photosensitive ones calculated along the band gap of the photosensitive region [4] shows the 
participation of both interband transitions and transitions to acceptor levels in the formation of the 
photoresponse spectrum, most likely related to doping of the photosensitive Zn region. The short-
wavelength photosensitivity boundary is determined by the absorption in the undoped n-InAs substrate, 
and the shape of the spectrum is characterized by an almost constant value of quantum efficiency. The 
absolute values of quantum efficiency are 1 A / W at T = 200 K and practically do not change with a 
further decrease in temperature, which, apparently, is due to reaching its maximum value for a given 
thickness of the structure. With increasing temperature, the quantum efficiency decreases, which is 
associated with a decrease in the resistance of the pn junction and the deterioration of the conditions for 
the efficient separation of carriers. 

3. Conclusions 
The photoelectric properties of multilayer pn heterostructures with a photosensitive region based on an 
InAsSbx solid solution (x = 0.35) with a long-wavelength photosensitivity boundary of λ0.1≈9.5 μm at 
room temperature were studied, which showed the possibility of creating high-performance 
photodetectors based on them for the long-wavelength region of the spectrum, the parameters of which 
are determined diffusion mechanism of current flow in the temperature range 200 ÷ 300 K, and the 
values of current sensitivity reach more than 1 A / W at temperatures achievable using thermoelectric 
cooling. 
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Abstract. We study the turn-on delay of quantum cascade lasers as a function of the amplitude 

of pulsed electrical pumping with non-zero rise-time. Although observed QCL dynamics is 

much slower than the theoretical predictions, our numerical simulations qualitatively agree 

with experiment. The quantitative discrepancy comes from the difference in the laser 

parameters. 

1. Introduction 

    Quantum cascade lasers (QCLs) are very attractive for a large variety of cutting-edge applications 

including free-space communications, gas sensing and hyper-spectral imaging. Adequate understanding 

of carrier dynamics in QCLs is necessary to reach laser performances perfectly meeting requirements of 

many applications, from communications to imaging and spectroscopy in general. Considering short 

intersubband relaxation times [1], well-established theoretical models of the laser dynamics for mid-IR 

QCLs [2,3] predict figures of 10s picoseconds for the turn-on delay under pulsed pumping with zero 

rise-time. Such a fast dynamics may be extremely beneficial for many applications. 

 

2. Experiment 

    In this work, we present the results of our theoretical and experimental investigations of the turn-on 

delay of QCLs under pulsed pumping with non-zero rise-time. The experimental study of the turn-on 

delay was carried out on two sets of QCLs emitting at the 8 µm wavelength. The active regions 

contained 25 and 50 cascades correspondingly [4]. The electrical pumping was 150 ns duration with 

approximately 20 ns rise-time and 25 kHz repetition frequency. In our measurements the turn-on delay 

was registered as the time from the moment when pumping reaches the threshold (tthreshold) to the front 

edge of the optical pulse. Figure 1 represents the experimental turn-on delay curves. 

 

3. Modelling 

    To simulate the results, shown in Figure 1 we numerically solved the system of rate equations and 

basic parameters adopted from Ref. [2]. Rising edge of the pump pulse was taken from the 

experimental measurements. Simulations of the QCL turn-on dynamics at different pumping 

amplitudes yield the dependence of the turn-on delay on the normalized pump current density (Figure 

2a). Turn-on delay is calculated as the time from the moment when pumping reaches the threshold 
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Figure 1. Experimental measurements of the turn-on delay in the two sets of QCL samples 

 

to the laser turn-on time. The last is defined in three different ways: the moment when number of 

photons reaches 0.1% (black curve), 1% of maximum photon density (blue curve) or as a tangent (red 

curve in Figure 2a). the definition of ttangent is shown in Figure 2b. 

 

 
 

Figure 2. Numerical modelling: a) turn on delay calculated with three different ways: the difference between the 

threshold and the time, when the photon number reaches 0.1% (grey curve) and 1%(blue curve) of its maximum 

population and the interval between the threshold and the time ttangent. b) the simulation of photon and pumping 

dynamics, showing the definition of ttangent. 

 

4. Summary 

    The results of our measurements are shown in Figure 2 and demonstrate qualitative agreement with 

numerical simulations (blue curve in Figure 1a). However, the quantitative discrepancy between the 

theory and experiment can hardly be explained only by choice of the structural parameters. We also 

note that the turn-on delay seems to dramatically increase with the number of cascades in the active 

region. This effect is not predicted by our simulations. 
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Abstract. In the work the effect of the number of In0.8Ga0.2As stacked quantum dots (QDs) 

embedded in a single-junction GaAs solar cell (SC) matrix on its photoelectric characteristics 

has been studied. A series of GaAs SC structures, which differed by a number of embedded 

QD rows, were grown via organometallic gas-phase epitaxy. By analyzing the 

electroluminescence spectra and the current–voltage characteristics of the obtained structures, 

the main reason for the voltage loss in SC with QDs has been established: an increase in 

recombination through the QD levels with an increase the number of QD rows in the SC 

matrix. 

1.  Introduction 

 

Today, one of the factors limiting the efficiency of solar cells (SC) based on the triple-junction 

GaInP/GaAs/Ge structure is the current mismatch between subcells of such a SC [1]. Recently, an 

approach that can provide an increase the photogenerated current of the middle GaAs subcell by 

embedding quantum dot (QD) arrays into its matrix has been actively developed [2]. An increase in 

the photogenerated current can be achieved due to the absorption of subbandgap photons by a QD 

array, which will make it possible to achieve the current balance and increase the efficiency of the 

whole SC structure [3]. However, several studies devoted to the introduction of QDs in a matrix of 

single-junction GaAs SC showed that, along with an increase in photogenerated  current the open-

circuit voltage (Voc) loss occurs, which minimize the achieved advantage [4, 5]. The aim of this work 

is to establish the main reason for Voc loss in GaAs SC with embedded In0.8Ga0.2As QD arrays. 

2.  Experimental procedure 

To study the effect of QD arrays on the photoelectric characteristics of GaAs SC, the organometallic 

gas-phase epitaxy tecnique have been used to grow a series of samples of single-junction GaAs SC 

with embedded In0.8Ga0.2As QD arrays. The samples in the series differed in the number of QD rows 

in the array in a wide range (from 1 to 20 rows). To study the current flow mechanisms in a p-n 

junction with embedded QDs current-voltage characteristics and electroluminescence (EL) spectra of 

SC structures were obtained. 

3.  Results and discussion 

The obtained EL spectra (figure 1) demonstrate a noticeable effect of the number of QD rows on the 

spectrum shape. As the number of QD rows increases, the redistribution of the EL peak intensities 

occurs, associated with a decrease in the contribution of radiative recombination of the GaAs matrix 

and an increase in the contribution of the QD array. 
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Figure 1. EL spectra for GaAs SCs with different 

numbers of In0.8Ga0.2As QDs rows, normalized to 

GaAs matrix (solid curves) and calculated Ea of 

diffusion current flow mechanism (energies 

shown as vertical lines). 

Figure 2. Voc-Jg characteristics for GaAs SCs with 

different numbers of In0.8Ga0.2As QDs rows and of 

a reference solar cell (without QDs): symbols – 

experimental characterisitcs, lines – two diode 

model approximation. 

 

The dependences of the open circuit voltage (Voc) on the photogenerated current (Jg) demonstrate 

(figure 2) a voltage loss with an increase in the number of QD rows, which is consistent with the 

measured EL spectra. It is known that a change in Voc (ΔVoc) indicates a change in the band gap of the 

material [6]. This is due to the fact that the saturation current J0, which determines Voc, depends on Eg. 

In turn, J0 is determined by the rate of carrier recombination. In p-n junctions with QDs carriers can 

recombine both in the matrix and in the QDs. Since these objects have different Eg, ΔVoc characterizes 

which part of the carriers recombines in the matrix and which in the QDs. Thus, in p-n junctions with 

QDs ΔVoc characterizes the average (Ea) energy of carrier recombination. To calculate ΔVoc we 

determined the values of the saturation current J0 for each of the samples by approximating the Voc-Jg 

dependences using the two-diode model. The calculation has been made for the diffusion component 

of the photogenerated current. Using the obtained values Ea were found as the difference between the 

Eg of the matrix and ΔVoc. In figure 1 these values marked as vertical lines. It is seen that with an 

increase in the number of QD rows Ea shifts to the low-energy region, i.e. into the QD absorption 

region. Thus, the obtained data show that the main mechanism affecting the Voc loss in GaAs SC with 

QD arrays is an increase in recombination through QD levels caused by an increase in the number of 

QD rows in the array. The result should be taken into account for the structural design of both single 

and multi-junction solar cells. 
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Abstract. The AlGaInAs structure was successfully grown on the InP substrate by MOCVD 

method. The active region was studied by Auger spectroscopy. The thicknesses and 

compositions of the quantum wells did not coincide with the theoretical ones. The 

mathematical model  which correlates with investigation results was proposed. 

 

AlGaInAs/InP laser structure was grown by MOCVD. Active region composition and 

thickness were designed by a mathematical model describing the energy levels distribution in finite 

square well [1]. Based on the laser structure, laser diodes with ridge geometry were manufactured. In 

the Figure 1 it is shown the laser structure draft  

 

Figure 1. Laser structure. 
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Electroluminescence measurement showed that the wavelength does not correspond to the 

calculated one, and several emission peaks were also visible on the spectrum. One of the most likely 

explanations for this result may be the heterogeneity of the quantum wells geometry [2, 3], which 

arises due to transient process that occurs because of switching gas flows during the growth of the 

structure. The main influence of transient process [4] in case of this structure is blurring of aluminum 

concentration profile in barriers and wells, as a result the quantum wells geometry could spread from 

finite square well [5].  

To determine the effect of transient process on the geometry of quantum wells, an active 

region was studied. The composition of the active region of the sample was studied using an Auger 

spectrometer; sample was prepared by oblique etching.  

The thicknesses and compositions of the quantum wells did not coincide with the theoretical 

ones; therefore, a mathematical model was compiled that described the distribution of energy levels in 

accordance with the investigation results. In this mathematical model the deviation of the quantum 

well geometry from the finite square well was considered, as well as the mutual influence of quantum 

wells and barriers of different thickness and depth. However, for more accurate modeling of other 

characteristics of laser diodes and further refinement of the model, it is necessary to take into account 

such factors as: electric transport, mode distribution and etc.  
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Abstract. This paper presents the results of a research the optical properties of SiNx layers with 

various compositions obtained by plasma-enhanced chemical vapor deposition (PECVD) and 

used as antireflection coatings for GaP/Si solar cells. Also a strong dependence of the optical 

properties of SiNx on concentration of silane in the gas mixture during deposition was 

demonstrated. 

Introduction 
 Solar power is very promising area of alternative renewable energy source.  The further 

development of photovoltaics requires increasing the efficiency of solar cells (SC) – devices that 

convert light energy into electric energy. [1]. One of the factors determining the low efficiency of SC 
is the presence of optical losses, mainly by reflection. The conversion efficiency can be increased by 

optimizing the structure, in particular, the usage of silicon-based heterostructures. Recently the 

significant capability of a-Si:H/c-Si heterostructure SC was demonstrated, which reached a record 
efficiency value of 24.7% for the classic design with contacts on the both side. However, the a-Si:H 

layer absorbs a part of optical radiation and a further increase of the efficiency of heterostructure SC is 

possible due to the use of wide band gap emitter materials, in particular, GaP. Development and 
optimization of the structure is required for new GaP/Si  structures to reduce optical reflection losses, 

in particular, by applying antireflection (AR) coatings. AR coating is a film that has a lower refrective 

index than the material that has to be coated. The enlightenment process is carried out by the 
interference of reflected rays at the boundaries: layer-air, layer-semiconductor. The point of applying 

an AR coating to create a dual interface using a thin film that produces two reflected waves. There are 

many ways to form AR coatings but plasma-enhanced chemical vapor deposition (PECVD) is the 
most suitable one from a technological point of view.  In this method deposition is achieved by 

introducing gases - the sources of atoms into reaction chamber, which are decomposed in a glow 

discharge plasma. In this paper the researches were carried out to determine the possibility of using 

SiNx layers with various compositions deposited by PECVD [2] for bleaching of GaP/Si 

photoconversion structures. 

1.  Experimental conditions, materials and results 
 The researches included the following steps:  

 The depositions of SiNx layers with various compositions of the gas mixture (nitrogen N2 and 

silane SiH4) using Oxford Plasmalab 100 PECVD installation. 
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 The study 0f the optical properties of SiNx layers with various compositions using ellipsometry 

(at a wavelength of 632 nm), measurement of reflection and transmission spectra (200-1200 

nm) of the layers deposited on silicon and quartz substrates. 

 Modeling and developing SC structures with an AR coating using AFORS-HET software. 

 Formation and study of the optical properties of a GaP/Si SC structure with an AR coating on 
planar polished and textured silicon substrates. The measurements were carried out using an 

integrating sphere to measure the spectra of total reflection from the textured surface [3]. 

The results demonstrate that an increase of the SiH4 concentration, on the one hand, leads to an 
increase in the refraction index of SiNx layers but, on the other hand, their absorption edge shifts 

to the visible area (Figure 1) leading to an increase in optical losses in this layer. The optimal 

deposition conditions and the design of SC with minimal optical loss have been found. 

 

 

Figure 1. Transmission spectra of SiNx layers in the short-wavelength region of the spectrum 

 

Acknowledgments 

The reported study was partially supported by Ministry of Science and Higher Education of the 
Russian Federation (research project FSRM-2020-0004). 

  

References 
[1] Lukutin B.V., Surzhikova O.A., Shandarova E.B. Renewable energy in decentralized power 

supply. - M.: Energoatomizdat, 2008. - 231 p. 

[2] Ay and Aydinli. Comparative investigation of hydrogen bonding in silicon based PECVD grown 
dielectrics for optical waveguides. Optical Materials (2004) vol. 26 (1) pp. 33-46 

[3] Jacquez J.A., Kuppenheim H.F. Theory of the integrating sphere. // J.Opt.Soc.Am., 1955. – Vol.45. 

– P.460-470. 
 

230



Development of front contact grid for GaP/Si solar cells 

M V Bogdanova1, I A Morozov2, A S Gudovskih1,2 

1Department of Photonics, St. Petersburg Electrotechnical University (“LETI”), 

197376 St. Petersburg, Russia 
2St. Petersburg Academic University of RAS, 194021 St. Petersburg, Russia 

 
Abstract. Currently, a search is being made for a scalable technology for applying metallization 

to GaP/Si photovoltaic structures for mass production. The study of Ag-based contacts, which 

are obtained by screen-printing with subsequent annealing, are presented in this paper. Contact 

resistance measurements are done using the TLM method.  The developed contacts have 

demonstrated excellent performance even in comparison with the vacuum deposition 

technology, which is the basis for using the developed technology of forming contacts in 

industry. 

1. Introduction 

In recent years, the task has been set to search, develop and improve photovoltaic semiconductor 

structures with a small quantity of optical and electrical losses, providing the highest efficiency of solar 

energy conversion. A perspective way to reach the lowest optical losses is to use the wide band gap 

emitter layers, in particular a growth of GaP on Si substrate could provide several advantage compared 

to conversional Si based solar cells design. The mismatch of lattice constants between GaP and Si is 

0.37% [1], as a result layer-by-layer growth of structures with fewer defects is possible.  At the same 

time, the influence of defective levels is reduced and the thermal stability of such structures is improved. 

However, the important task is to find the optimal material and technology for the front  contacts to 

GaP/Si, which should exhibit the lowest level of losses due to contact resistance and can be applied in 

mass production. In the current work, the properties of the contacts obtained by different metallization 

technologies on GaP are explored. 

2. Experimental conditions, materials and results  

The study compared two groups of samples that differ in metallization application technology. The 

contacts of the first group of samples were formed by screen-printing using conductive paste based on 

Ag and subsequent annealing. Samples with contacts formed by vacuum deposition of Ag/Ti are also 

considered. Samples made using screen-printing technology with a set of contact pads measuring 

2.850.85 mm were annealed in N2 atmosphere using the Jipelec JetFirst 100 rapid thermal annealing 

setup at a temperature of 700-800C for 1 minute. Alternatively, Ti/Ag non-alloyed ohmic contacts (area 

of 1.50.2 mm) were formed on the top of GaP/Si structures using lithography and vacuum evaporation 

(Boc Edwards Auto 500). 

During the experiment, the specific contact resistance c of the samples was determined. The 

transmission line method (TLM) was used, which considers the dependence of the total resistance RT 

between two contacts as a function of the distance between them. During the measurements a set of 

distances L was used and for each position of the measuring contacts a current-voltage (I-V) 
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characteristics were measured, which determined the total resistance. Figure 1 (a,b) presents examples 

of obtained dependencies. 

 

Рисунок 1(a, b). (a) Total resistance of the screen- printed sample (b) Total resistance of the sample 

with vacuum deposition 

The specified dependence is approximated by a straight line [2]: 

 𝑅𝑇 =
𝑅𝑆

𝑊
𝐿 + 2𝑅𝐶 =

𝑅𝑆

𝑊
(𝐿 + 2𝐿𝑇)  (1) 

Where RS— semiconductor volume resistance, W— contact width, RC—contact resistance, LT — transfer 

length. These parameters can be derived from experimental data. By them, we can determine the value 

of the specific contact resistance: 

 𝜌𝐶 = 𝑅𝐶𝐿𝑇𝑊  (2) 

For Ag/GaP/Si samples obtained by screen-printing method and annealed at T=700°C and 800°C, the 

specific contact resistance values are 4.2·10-3 Ohm·cm2 и 1.8·10-5 Ohm·cm2 respectively. For the 

Ag/Ti/GaP/Si sample obtained by vacuum deposition technology, the specific contact resistance value 

is 0.18 Ohm·cm2. 

Thus, we can conclude that for samples with metallization formed by screen printing, the specific contact 

resistance is several orders of magnitude lower than for samples with vacuum metallization. This allows 

to reduce ohmic losses and improve the operational properties of the samples. Note that this method of 

forming contacts is scalable and can be released for mass production. 
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Abstract. The elimination kinetics of conventional low-molecular weight uremic markers and 

advanced glycation end products (AGE products), which are considered as a possible middle 

molecular weight marker of uraemia in hemodialysis (HD) patients, was investigated by 

continuous monitoring of ultraviolet (UV) absorption of effluent dialysate in the outlet of a 

dialysis machine. Optoelectronic multispectral sensor based on deep UV LEDs as the source of 

UV radiation at the wavelengths 285 nm (associated mainly with uric acid and other low-

molecular weight substances) and 365 nm (associated with AGE products) was used as a 

monitoring tool. The time profiles of effluent dialysate UV absorption during HD treatment 

sessions for a group of patients were measured and analysed according to the double-pool 

kinetic model. It was shown that the elimination kinetics of AGE products in general is very 

similar to the kinetics of conventional low-molecular weight uremic markers.  

1. Introduction 

Hemodialysis (HD) is the most widely used method of renal replacement therapy. As a life supporting 

treatment it provides elimination of various low and middle molecular weight metabolic waste 

products, e.g. urea, creatinine, uric acid, phosphates, advanced glycation end products (AGE products) 

from blood to dialysis fluid (dialysate) via semi-permeable membranes. The membrane works as a 

molecular sieve: small and partially middle molecules easily pass through pores while higher 

molecular weight substances and blood cells remain intact [1]. 

According to KDOQI Clinical Practice Guideline for HD Adequacy [2] the fractional urea clearance 

(Kt/V) is the most precise and tested measure of the dialyzer effect on patient survival and is the most 

frequently applied measure of the delivered dialysis dose, but according to some newer reports this 

approach is outdated and do not give the full picture [3]. Multiple alternative dialysis adequacy 

markers have been suggested, for example β-2-microgloubuline or Cystatin C [4].  

Advanced glycation end products (AGE) belong to the factors of high mortality among end stage renal 

disease patients [5-7]. There had been no reliable methods for assessing and monitoring AGE 

elimination during HD until optical monitoring based on characteristic absorption of AGE is in the 

region 360-370 nm was introduced [8]. 

The aim of this work is to investigate the elimination kinetics of conventional uremic markers and 

AGE products simultaneously by continuous monitoring of ultraviolet (UV) absorption of effluent 
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dialysate in the outlet of a dialysis machine and to evaluate the perspectives of AGE products as a 

marker substance for assessing HD adequacy.  

2. Experiment and results 

Optoelectronic multispectral sensor based on deep UV LEDs as the source of UV radiation (designed 

by Ldiamon AS) for monitoring optical absorption at the wavelengths 285 nm and 365 nm was 

connected to the outlet of a dialysis machine. Monitoring of more than 70 HD sessions was conducted 

for a group of 20 patients with end-stage chronic kidney disease. The results reveal that normalized 

absorption curves for both wavelengths are in good concordance with each other. For majority of HD 

treatment sessions the curve for 365 nm lies slightly higher than the curve for 285 nm. The parameters 

of the double-pool model of solute kinetics [9] which was applied to the temporal dependences of 

normalized optical absorbance at 285 nm and 365 nm were estimated. The mean values of the time 

constants of the “fast” exponent (responsible for a dialyzer clearance) for 285 nm (associated mainly 

with uric acid and other low-molecular weight substances) and 365 nm (associated with AGE 

products) were 144 min and 136 min respectively; for the «slow» exponent (responsible for 

intercompartment transport) the mean time constants were 18 min and 15 min respectively. The mean 

values of both time constants for the 365 nm absorbance curves is slightly lower than time constants 

for the 285 nm absorbance curves, but the difference (8 min for the “slow” exponent and 3 min for the 

“fast” exponent) is less than the standard deviations of the respective time constants in the group. The 

clinical significance of these variations remains unclear; more in-depth research involving larger 

groups of patients and thorough analysis of clinical data is needed. 

3. Conclusion 

It was shown that the elimination kinetics of AGE products during HD treatment in general is very 

similar to the kinetics of conventional low-molecular weight uremic markers. Optical monitoring of 

effluent dialysate UV absorption at the wavelength of 365 nm potentially may be used as an 

alternative technique for assessing HD adequacy. 
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Abstract. This paper continues the theoretical research of the photodetector with controlled 

relocation of carrier density peaks using physical and topological models. Previously, we 

performed the quantum-mechanical simulation of the device, but multiple semiclassical effects 

were neglected. To complete the analysis of physical processes in the photodetector structure, 
we propose a two-dimensional drift-diffusion model that is based on the continuity and Poisson 

differential equations. We develop a technique of non-stationary drift-diffusion simulation and 

corresponding applied software. The results of numerical simulation allowed for the 

modification of the photodetector structure in order to improve its functional characteristics. 

Modern electronics faces the degradation of metal interconnection performance in integrated circuits 

with nanoscale feature dimensions of transistors. The utilization of constructively and technologically 
integrated optical links instead of metal wires is a promising way of the problem solution. Previously, 

we proposed an advanced design of an on‐chip injection laser with an AIIIBV nanoheterostructure and a 

functionally integrated optical modulator [1]. To implement the efficient laser‐modulator‐based optical 

interconnections, technologically compatible photodetectors with subpicosecond response time are 
required.  

In paper [2], we introduced the concept and design method for a photodetector with controlled 
relocation of carrier density peaks within specially arranged quantum regions. The device includes a 

traditional p‐i‐n photosensitive junction and an orthogonally oriented control heterostructure. The 

transverse electric field displaces the peaks of electron and hole densities into the regions with low 

carrier mobilities and lifetimes during the back edge of an optical pulse. This relocation results in the 
fast decline of photocurrent that does not depend on the longitudinal transport of electrons and holes. 

To estimate the back-edge performance of the photodetector with controlled relocation of carrier 

density peaks, we implemented a quantum-mechanical combined model [2] based on the Schrodinger-
Poisson equation system. The model allowed for due regard to important features of transverse 

relocation of charge carrier wavefunctions in the quantum‐well regions of the control 

nanoheterostructure. However, the developed quantum-mechanical model omits multiple semiclassical 
aspects of the device operation such as longitudinal transport of charge carriers in non-uniform electric 

field of a p-i-n structure, electron and hole diffusion, flowing of displacement current through the 

supply circuit, leakage of photogenerated charge carriers to the control contacts and others. 
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This paper is aimed at the development of a two-dimensional drift-diffusion model of the 

photodetector with controlled relocation of carrier density peaks, which addresses the aforementioned 

semiclassical effects properly. The realization of the drift-diffusion model is provided by a designed 
numerical simulation technique and corresponding applied software. The obtained simulation results 

indicate and solve several challenges caused by the specific operation mode of the photodetector with 

controlled relocation of carrier density peaks.  
The activation of the control voltage during the back edge of an optical pulse results in a current 

surge that worsens the measuring signal of the photodetector with controlled relocation of carrier 

density peaks. To deal with this challenge, we propose the application of the differential principle for 
the detection of optical signals by on-chip optical interconnections. 

Another important problem is connected with the shutdown of the control voltage after the end of 

the relocation process: the disappearance of the transverse electric field leads to the return of non-
equilibrium electrons and holes to the absorbing region. Hence, undesired current pulses occur in the 

supply circuit of the photodetector. We suggest to modify the device structure in order to hold and 

accumulate previously relocated electrons and holes in the absorbing region at different values of the 
control voltage.  
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Abstract. Opportunity of growing InGaAs photodiode at a wavelength 1.44 µm on Si/Ge (001) 

substrate using InGaAsP gradient metamorphic buffer layer has been shown. 

Photoluminescence and photosensitivity were investigated. The dark current for this diodes 

was 0.1 mA at voltage -5 V. 

1. Introduction 

At present, important research area is integration of A3B5 and silicon technologies. Perspective way 

[1] is related to fabricating hybrid structures on exactly oriented (noninclined) Si(001) substrates. 

However, achievements in this direction were mostly related to using molecular beam epitaxy (MBE), 

which is a low-productivity method in comparison to metal-organic chemical vapor deposition 

(MOCVD). MOCVD is the technology that is commonly used for fabrication of the majority of 

commercial semiconductor heterostructures. Therefore, the production of hybrid structures for mass 

market applications poses the task of fabricating laser and photodiodes on silicon substrates using 

exact the MOCVD technology.  

In this paper, the results of studies of p-i-n photodiode with photosensitive area at a wavelength 1.44 

µm.   InGaAsP metamorphic buffer layer of gradient composition are presented. This wavelength is 

achieved by using the metamorphic buffer InGaAsP and InGaAs with a high content of In (58%) as 

the active area.  

2. Experimental samples 

The photodiodes were grown on noninclined Si (001) substrates (with misorientation below 0.5°) 

using a three-stage procedure [2].  At the first stage, using MBE system was prepared “virtual” Ge/Si 

(001) substrate [3]. Then, a GaAs(50 nm)/AlAs(10 nm)  buffer structure and layer GaAs (1000 nm) 

were grown on this “virtual” Ge/Si (001) substrate at reduced pressure in MOCVD system [4]. After 

growing the buffer structure by MOCVD at atmosphere pressure InGaAsP metamorphic buffer layer 

and p-i-n structure were grown. The composition of the quadruple solution was changed in a stepwise 

way. Such a buffer layer makes it possible to change the lattice constant from the GaAs to a value 

consistent with the lattice constant of the In0.58Ga0.42As solid solution p-i-n structure. The design of the 

grown structure is shown in table1. 

Based on the obtained structures, photodiodes were fabricated. On the side of the structure, AuGe 

ohmic contacts were deposited by thermal evaporation in vacuum, photolithography and etching 

formed contacts in the form of a ring with external and internal diameter of 0.55 mm and 0.35 mm, 

respectively. Then a mesa structure with a diameter of 0.6 mm was etched. On the side of the 

substrate, continuous AuGe ohmic contact is deposited by thermal evaporation in a vacuum. 

Table 1. The design of structures. 

 Layer Thickness, nm 

 Substrate n-Si/Ge  

1 n-AlAs 10 
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3. Results and discussion 

 The Photoluminescence spectrum (PL) at temperature 77 K has two peaks; the longer wavelength 

peak (λmax ~ 1.33 μm) corresponds to the emission of the InGaAs photosensitive region, and the 

shorter wavelength (λmax ~ 1.05 μm) to the emission of the InGaAsP buffer layer, the PL intensity 

from the photosensitive region exceeds the PL intensity from the buffer layer.  

In order to study the spectral dependence of the absorption of photodiodes fabricated on the grown 

structures, the photovoltage spectrum was obtained at room temperature (Fig. 1). 

 

Figure 1. The photovoltage spectrum of photodiodes with a metamorphic InGaAsP layer on a Si / 

Ge substrate at room temperature. 

 

The values of the dark current of photodiodes made from structures with a metamorphic buffer layer 

of InGaP were 0.1 mA at a voltage of -5 V. 

Thus, the possibility of creating InGaAs photosensitive structures at a wavelength of 1.44 μm on a Si / 

Ge substrate using an InGaAsP metamorphic layer has been experimentally shown. 

This project is supported by government task №16.7443.2017/БЧ and grant of president РФ № МК-

1004.2019.2 
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2 n-GaAs 50 

3 n-AlAs 10 

4 n-GaAs 50 

5 n-AlAs 10 

6 n-GaAs 1000 

7 n-InGaP 150 

8 

n-InGaAsP  gradient 

composition 

 (6 layers) 

450 

9 i-InGaAs 900 

10 p-InGaAs 300 
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Abstract.  In this work an application of selective contacts p-Si/MoOx for  evaluation
of silicon sufrace degradation is  shown.  Using a  method of I-V measurements  the
effect  of  silicon  surface  degradation  during  SiO2 magnetron  deposition  was
demonstrated. 

1. Introduction

Silicon (Si) is the second most common element in the Earth's crust. Being also a semiconductor Si
had  been  applied extensively  in  different  electronic  devices:  transistors,  microprocessors,  sensors,
solar cells. Earlier, the most of deviced based on silicon were being produced with using of high-
temperature  diffusion  processes  to  form p-n  junction  or  conctact  areas.  Such technology is  quite
simple, however requires sufficient energy consumption. Nowadays  a low-temperature approach for
electronic devices is  actively developed.  It  is connected with heterojunction technology.  It  is well
known that the transistors based on heterojunctions have enhanced characteristics in comparison to
diffuse p-n junction ones. Silicon solar cells based on heterojunction also show the highest efficiency
where  the  world  record  of  26%  was  reached  [1].  The  main  problem that  is  still  remained  is  a
heterointerface quality. Charge carriers  must pass throw it without significant recombination. In the
same time surface defects such as impurities incorporation, surface roughening could significantly
degrade the hetejunction properties and finally - the performance of electronic device. There are some
methods to reveal or estimate  a silicon surface degradation: space charge capacitance methods and
optical methods based on photoluminescence decay measurement. The first one is quite complicated
and requires high perfomance technique to detect response from the defects. The second method is
based on the effect of an increase of recombination rate at the silicon surface if it has a lot of defects
and is evidenced by low photoluminescence intensity and/or decay time. 
In recent years, considerable attention has been given to the selective conctacts [2,3]. It is a kind of
electric contact where charge carriers of one type may pass throw it whereas the others are blocked.
For p-type  silicon the most investigated selective contacts are formed with MoO3, WO3, V2O5. For n-
type silicon LiF, MgF2 with low work function metals are usually used. The transport properties of
selective contacts are highly depended on the Fermi level position in silicon. Semiconductor surface
degradation may lead to Fermi level shifting or even pinning, which in turn in the worst case may
block  the  transport  of  the  both  types  of  charge  carriers.  This  results  in  current-voltage  (I-V)
characteristics behaviour changing – from linear to Schottky type. Measuring of I-V characteristics is
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more easier and faster than capacitance or optical-based methods and potentially the investigations
may become faster.
The aim of this work is to study the effect of different silicon surface degration on carrier transport
behaviout through selective contacts based on molybdenum oxide and lithium fluoride using silicon
substrates.

2. Experiment details

N-type silicon wafers with doping level of 1016 cm-3 were used as a substrate. Molybdenum oxide (VI)
was deposited on the wafers by thermal evaporation (throw metal hard mask with hole diameter of 0.5
and 1 mm on top side and without mask on the bottom side). Prior the deposition the silicon wafer was
dipped  into  HF(1:10)  to  etch  silicon  oxide  layer.  To  investigate  the  effect  of  silicon  surface
degradation  on  I-V characteristics  magnetron  plasma was  used.  A series  of  silicon  samples  with
different  plasma exposion during SiO2 deposition was made.  Silicon oxide after  the deposition is
etched in HF(1:10) solution leaving the degraded surface for subsequient selective contact deposition.
I-V curves were recorded by Keithley 2400 source meter at 25 °C.

3. Results and discussion

Current-voltage characteristics measured for the degradated and the reference silicon wafers showed a
significant  (more  than  3  orders)  decrease  of  operational  currents  for  the  plasma  exposed  silicon
sample.  Variations  of different  plasma power and exposion time will  be presented as well  as the
results of computer simulation of these systems in comparison with the obtained experimental data.
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Abstract. Nowadays Silicon is predominantly used in solar cells manufacturing due to its 

availability and relatively low cost. Further development of photovoltaics requires to increase 

the photovoltaic conversion efficiency and to decrease the price of the produced energy. Thus, 

new concepts and approaches should be explored. One of the key factors affecting the 

efficiency of solar cells is the optical losses related with reflection and incomplete absorption 
in the active layers of a semiconductor material. One of the promising paths to reduce optical 

losses is the usage of micro-and nano-structured surface of Si. In this paper, we consider 

vertically oriented structures on silicon obtained by cryogenic deep etching. The feature of this 

method is that the silicon substrate is hold at a low temperature from -80°C to -150°C during 

the process.  At these temperatures, the side surface is passivating due to the formation of a 

non-volatile SiOF compound. This process allows one to adjust the angle of slope of the 

etching walls with a high accuracy additionally providing a possibility to increase the 

resistance of the mask to etching due to low temperature. A large variation of the process 

parameters (pressure, SF6/O2 ratio, RF and ICP power, temperature) will be performed to 

obtain low defect and low reflectance conditions. Dependence of optical and electrical 

properties on the length and diameter of silicon wires will be presented. 

  

 

Experimental  

 

At the beginning, 500 nm of SiO2 were deposed on 4-inch (100) silicon substrate in Oxford 

Instruments PlasmaLab 100 PECVD. Initial polystyrene solution was 10 wt. % 0.89µm and 2 µm 

spheres in water. Spin coating was used for nanosphere lithography. Before deposition polystyrene 
spheres was dried in centrifuge and diluted in isopropyl/water/ propylene glycol solution. Then Sphere 

was etched in oxygen plasma to reduce diameter. Silicon oxide was etched in CHF3 plasma through 

sphere mask to form SiO2 mask for cryogenic etching. variation of the process parameters (pressure, 
SF6/O2 ratio, RF and ICP power, temperature) will be performed to obtain low defect and low 

reflectance conditions. 
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coating on polymer photoactive layer 
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Abstract. Carbon nanotubes (CNT) and tungsten oxide nanoparticles (nWO3) were spray-

coated on the MEH-PPV photoactive layer. The effect of the neighboring layers mixing on the 

electrical characteristics of an organic solar cell layers and methods to minimize that mixing by 

optimization of solvents and deposition parameters was investigated. Mixing was controlled by 

measuring surface resistance (for CNT) and particle diameter on the surface (for nWO3). 

1. Introduction 

Current coating techniques used in organic photovoltaics involve the use of vacuum, which increases 

the cell production cost and indium tin oxide (ITO) part of the total cost (material and production 

process) can be up to 87% [1]. Spray-coating is one of the alternative coating methods that does not 

significantly affect quantum efficiency, but has a great production worth due to the scaling possibility 

and low cost [2]. However, the use of solution process leads to the underlying layers dissolution and 

residual solvent evaporation problems from the layer, which can lead to an electroluminescence and 

quantum efficiency decrease, changes on spectral characteristics, which demonstrated by samples 

comparison before and after annealing [3] and significant cell efficiency increase with optimal 

deposition temperature [4]. Thus, the aim of this work is the selection of optimal deposition 

parameters and solvents with optimal solvent removing rate for spray coating transparent conductive 

layers based on CNT and buffer layers based on metal oxide nanoparticles on the photoactive layer 

surface without dissolving while maintaining electrical and photovoltaic characteristics. 

2. Results and discussions 

CNT (P3-SWNT, Carbon Solutions Inc., USA) and tungsten oxide nanoparticles (nWO3, <50 nm, 

Sigma Aldrich, USA) were used for deposition transparent conducting and buffer layer. In addition, a 

mixture of CNT and polyaniline (PANI, 5 kDa, Sigma Aldrich, USA) in a 5:1 ratio was used. Poly[2-

methoxy-5-(2-ethylhexyloxy)-1,4-phenylenevinylene] (MEH-PPV, 40-70 kDa, Sigma Aldrich, USA) 

was used as a test photoactive layer. The structure of test structures was: A) Ti/TiO2/MEH-PPV/CNT, 

B) Ti/TiO2/MEH-PPV/PANI-CNT, C) Ti/TiO2/MEH-PPV/nWO3/CNT. Titanium foil (Ti) with 

naturally occurring oxide was used as the substrate. MEH-PPV with thickness ~900 nm was deposited 

by drop-coating from o-xylene, due to the presence of Ti microdefects with height ~500 nm. Solutions 

with 1 mg/ml MEH-PPV in 15 different solvents were prepared to determine minimally dissolving 

MEH-PPV solvents or mixtures. After 1 day storage and heating at 90 °C for 3 minutes (which 

simulated conditions during deposition) the least solubility of MEH-PPV inherent for 2-propanol, 

ethylene glycol, propylene carbonate, propylene glycol (PG) and n-butanol. Cyclohexanol (CHL), 

n-decane and PGMEA also demonstrated low solubility. However, the optimal solvent should have the 

low MEH-PPV solubility and on the other hand the stability of the colloidal dispersion nWO3 or CNT 
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as well as an optimal evaporation rate to obtain uniform spray-coating; therefore, 1:1 mixture of 

PG:CHL was chosen as the most optimal solution. The deposition of nWO3 and CNT was carried out 

by own designed spray-coating system (Fig. 1a,b). The average diameter nWO3 was 19.5 nm and 

17 nm for MEH-PPV and glass substrate due to the smaller amount of 2-4 nm particles on MEH-PPV 

(Fig. 1c), which apparently indicates a partial (insignificant, less than 4 nm) nanoparticles dipping in 

MEH-PPV. However, this is caused not only by the dissolution of MEH-PPV itself during deposition 

as by the dipping due to presence of residual solvent in MEH-PPV before deposition due to the 

absence of layer annealing [3]. The optimal solvent mixture provides to neutralize the dissolving effect 

and significantly reduce the resistance of the CNT network used as upper electrode (from 106.5 kΩ/□ 

to 1.4 kΩ/□ when changing the solvent from NMP to the PG and CHL mixture). Due to the absence of 

annealing (and the presence of residual solvent, which was confirmed by fluorescence spectra), as well 

as the excess MEH-PPV thickness (optimum active layers thickness is not more 200 nm [5]), 

investigated structures photoresponses were low with slow photocurrent increasing at -3 V (up to 

10 minutes) - 500 nA, 283 nA for structures A, C and 50 nA in few seconds for B. Also, used 

materials do not provide the required charge separation (for example, WO3 is an electron transport 

layer in some cases [6]). I–V characteristics hysteresis also showed a significant contribution of charge 

trapping and recombination to the charge collection efficiency decrease. On the other hand, the 

obtained resistance with transparency ~82 % is sufficiently high for using the CNT network as a solar 

cell electrode, but it is typical for these CNT [7] and can be reduced by doping or compositing with 

metal nanowires. CNT layer resistances on PET and MEH-PPV are practically similar (1.5 kΩ/□ and 

1.4 kΩ/□), which also indicates an absence of mixing with the MEH-PPV during spray-coating.  

Thus, we propose the method for estimation thickness layer at the interface, where materials are 

mixed, using statistical analysis of the nanoparticles sizes of interested material deposited on studied 

layers, which is difficult to detect even by SEM. Also, it was demonstrated that the developed spray 

coating technique can be used to form transparent conducting and buffer layers from solutions on 

various active layers of solar cells. 

   

Figure 1(a, b, c). AFM-images of (a) CNT and (b) nWO3 spray-coated on MEH-PPV, 

(c) distribution of nWO3 diameter from AFM data. 
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Abstract. In this paper, the movement of the pupils is a biometric indicator that analyzes the 

emotional state of a person. Aitracking using infrared illumination based on the determination 

of the displacement vector between the centers of the pupil and the shine of the cornea gives 

results with high accuracy, provided that the human head is fixed. A method for determining 

the coordinates of the center of attention in the absence of fixation of the head without the use 

of infrared illumination is proposed. Improving the accuracy of determining the coordinates of 

the center of attention is carried out by moving from a coordinate system associated with a 

fixed head to a coordinate system associated with a moving center of the pupil. 

1. Introduction 

By registering the time of fixation and the density of the trajectory of the gaze, one can judge the 

significance of the elements visible to a person. [1]. Eyetracking is minimally invasive and analyzes 

the movement of the pupil, which is a subconscious mechanism that is difficult to fake or control [2]. 

At the same time, the drawback of such systems is the use of a large amount of equipment, the use of 

special glasses, the complex process of projecting an image on the screen, the pupil, the increased 

number of images themselves, and the use of rigid fixation of the subject’s head [3-5]. In real shooting 

conditions, you can increase efficiency by using non-rigid fixation of the head, while maintaining the 

reliability of the data. This article describes a method for improving the accuracy of tracking the 

pupil’s focus of attention regardless of the position and movement of the subject’s head. The aim of 

the study was to develop a method to increase the accuracy of tracking the pupil’s center of attention 

in the absence of a rigid connection between the subject’s head and the optoelectronic system. To do 

this, it is necessary to obtain a track of attention without distortion (angle of rotation of the head 0º), to 

obtain a deliberately distorted track (rotation of the head to a certain angle), to test the correction 

method at coordinate points. 

2. Experimental  

The installation mechanism (Fig. 1) consisted of an optoelectronic system.  

 

 

 

 

 

 

 

Figure 1. Experimental setup. 
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T7 Astro Camera Astronomical, 1X-100X optical zoom microscope lens. A helmet that creates a rigid 

coordinate connection between the camera and the head. The frame provides for the adjustment of the 

helmet on a horizontal axis with a range of 180 degrees. Video mode 30 frames per second. To obtain 

a pupil movement track without distortion, a helmet is put on the subject’s head. The swivel 

mechanism is set to 0 degrees. Next, using the optoelectronic system, video recording of the 

movement of the pupil is performed.  To obtain a distorted track of the center of attention with the 

help of a rotary mechanism, the subject’s head is rotated by a fixed angle from 0 to 15 degrees. All 

things being equal. Further, the obtained tracks are superimposed on the calibration grid (Fig. 2a, b). 

3. Result and Discussion 

During testing, the subject observed images of black dots on the slide, while the tilt of the head was 

not limited by anything. Fig. 2 (a) shows the pupil movement track, which requires adjustment, Fig. 2 

(b) the same track after adjustment. 

 
 

Figure 2. Рupil movement track before (a) and after (b) adjustment.  

 

First, the pupils are contoured and separately the image from the monitor on the cornea, while the 

accuracy of the method depends on its quality. Next, the coordinates of the center of mass of the pupil 

and the reflection of the monitor on the pupil are determined. Then, the offset is calculated relative to 

the coordinate of the image of the monitor from the center of mass of the pupil. This adjustment 

allows you to more accurately track the trajectory of the pupil's attention, even in the absence of a 

rigid connection with the subject's head. 

4.  Conclusion 

In the course of the study, it was found: 1. a shift in the focus of attention by 8 ° 0'30 "leads to a 

change in the size Δs / s of the pupils ± 0.02; 2. rotation of the head 15 degrees horizontally leads to 

distortion of the track of the center of attention, which makes it impossible to correctly track The 

proposed method allows you to move from the coordinate system associated with the center of the 

pupil to the system associated with the center of attention, thereby reducing the distortion of tracking 

the trajectory of a person’s gaze, which can be used in optoelectronic security systems. 

The study was carried out with the financial support of the Russian Foundation for Basic Research in 

the framework of the research project 18-47-860018 р_а. 
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Abstract. A new method for detecting a magnetic track from a moving magnetic object is 
presented. A technique has been developed to study the nature of changes in the magnetic field 
in a magnetic track using ferromagnetic fluid. The results of experimental research are presented.  

1. Introduction 
The development of science in the modern world allows scientists to start researching complex physical 
phenomena, which contain a lot of useful information, both about the structure of the Earth and about 
the processes taking place in the surrounding world. In this case, the leading role is played by applied 
physics [1]. A large number of phenomena associated with processes occurring in the environment are 
investigated using measurements of magnetic field parameters [1, 2]. Magnetic fields are also used to 
conduct studies of various condensed matter, for example, NMR or EPR spectrometers. 

One of the least studied phenomena in the physics of magnetic phenomena is the magnetic track. 
Particularly great difficulties arise with the study of this phenomenon during its formation from the 
motion of a moving object. It should be noted that the studies carried out by various scientists of 
magnetic tracks made it possible to establish the physical principle of its formation and some features. 
Our studies have shown that the features of the formation of a magnetic track depend on many factors. 
In some cases, for example, in air, a magnetic track exists for a time of the order of several seconds. At 
sea depths (more than 550 m), depending on the parameters of the marine object, the boundaries of the 
magnetic track are more pronounced, compared with the air, the magnetic field variations in the 
magnetic track at the sea depth are more significant. The study of the magnetic track at sea depths is a 
very expensive and complex process. Before full-scale tests, it is necessary to study the processes 
associated with the formation of a magnetic track in laboratory conditions, so that in full-scale studies 
under conditions of a time limit, the process of measuring magnetic field variations can be correctly 
constructed. Therefore, the development of various methods for conducting studies of the magnetic track 
in laboratory conditions is relevant for solving this problem of applied physics. 

2.  The method of studying the magnetic track and the method of its detection 
To conduct studies of the magnetic track in laboratory conditions, we propose using the optical method 
that we previously developed to study the structure of magnetic field lines using scattered laser radiation 
and a ferrofluidic cell [3]. 
      Based on previously obtained results on the study of the structure of magnetic field lines, we 
developed an experimental setup for studying a magnetic track from a moving object. Laser radiation 
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with λ = 632.8 nm enters through the diaphragm and lens onto the transparent surface of a quartz glass 
ferrofluidic cell in which magnetic fluid is placed (an aqueous solution of hematite with a surfactant - 
oleic acid). The ferrofluidic cell is in the field of an electromagnet with induction B0 = 86 μT - the 
average magnetic field of the Earth at the considered depths. Hematite nanoparticles are located in the 
region of the lines of force of the magnetic field B0. Scattered laser radiation from hematite 
nanoparticles, which formed agglomerates in the vicinity of magnetic field lines, is detected by a CCD 
camera as speckle structures. With a high uniformity of the magnetic field B0, the recorded diffraction 
image is symmetric with respect to the central maximum. 
After the appearance of a moving magnetic object in the area of the magnetic field lines B0 of the 
magnetic field B0, the field lines are closed on its structure. The destruction of agglomerates begins. The 
recorded speckle structure changes. This destruction depends on the speed of the object and its magnetic 
field. Figure 1 shows as an example the diffraction patterns of speckle images corresponding to the cases 
considered. 

 
Figure 1. The diffraction pattern of the laser radiation in the case of the magnetic liquid placing: (a) in 
a uniform magnetic field; (b) a magnetic field force lines are closed on the body; (c) 2 minutes passed 

after the closure of all the magnetic field lines on the body. 
 
We have established the dependences of the rate of change of the amplitude of the maxima and minima 
in the recorded diffraction image, their relative position and width, as well as their number on the speed 
and direction of movement of the magnetic object, as well as its magnetic field. 

3. Conclusion 
An analysis of the obtained diffraction images shows that the optical method we developed allows us to 
determine the presence of a magnetic track at a depth and to study its parameters depending on various 
factors. Using the method developed by us allows us to estimate the time of formation of a magnetic 
track from a moving object with an error of no more than 30 %. 
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Abstract. Arrays of vertical aligned nanowires with height of 3-10 μm and aspect ratio of 5 

with smooth side surface of NWs and between them were formed by cryogenic dry etching. 

The post-processing technology was developed to fill arrays of NWs by dielectric layer and 

form Schottky diodes by metal evaporation or passivation by amorphous silicon deposition on 

different part of wafers to study their properties by capacitance methods. Deep defect with an 

activation energy of 0.68-0.74 eV was observed in arrays of NWs, and its concentration grows 

with increase of time etching. However, its concentration can be partially reduced by wet 

etching in KOH. 

1. Introduction 

Nowadays, there is movement from classical planar solar cells to structures with layers of low 

dimension, which allows to vary the geometry and electronic properties of the materials.  For example, 

it is using of vertically aligned nanostructures (nanowires, nanorods) to enhance the absorption of 

radiation and double-junction production based on them, since it allows the use of cheap silicon wafers 

and technologies of the silicon industry as the most developed in micro- and nanoelectronics. It was 

demonstrated experimentally in microcrystalline silicon solar cells grown on silicon nanowires 

(SiNWs) [1,2]. However, its effective development is hampered by the imperfection of the applied 

technologies like metal-assisted chemical etching of silicon wafer or vapour-liquid-crystal for the 

formation of nanowires, and also by the limitations of the methods allowing the detection and 

description of the properties of defect levels in the bulk of nanowires and on their surface rising during 

this methods. Recently, SiNWs are formed by new method of dry etching of silicon wafer in 

inductively-coupled plasma (ICP) at cryogenic temperature [3]. However, influence of cryogenic 

etching process on properties of SiNWs were not studied in details unlike Si wafer surface. Therefore, 

in this work defect properties of arrays of SiNWs will be studied. 

 

2. Experiments and results 

Silicon wafers (n=1×1015 cm-3) were etched in ICP mode in mixture of gases SF6 and O2 during 3-5 

minutes in equipment Oxford Plasma Lab ICP 380 at -140 °C to form arrays of vertical aligned 

nanowires with height of 3-10 μm and aspect ratio of 5 with smooth side surface of NWs and between 

them. To explore influence of cryogenic etching process on properties of silicon NWs the post-

processing technology was developed to fill arrays of NWs by dielectric layer and form Schottky 

diodes by metal evaporation or passivation by amorphous silicon deposition on different part of 

wafers: on top of Si NWs, on side of Si NWs and between them. Admittance spectroscopy were 
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performed using a precision E4980A Keysight (former Agilent) LCR-meter and  capacitance deep-

level transient spectroscopy were performed using an automated installation based on a Boonton-

7200B capacitance bridge in the temperature range of 80-360 K to study interface in different area of 

wafers and its defect properties. 

In result, deep defect with an activation energy of 0.68-0.74 eV was observed in arrays of NWs, and 

its concentration grows with increase of time etching. However, its concentration can be partially 

reduced by wet etching in KOH. More detailed information will be presented on conference. 
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Abstract. Technological aspects of manufacturing SWIR sensitive detector on the basis of 

InP/InGaAs/InP photocathode and electron-bombarded CCD are given. Scheme of the digital 

camera for long distance detection is represented. SWIR camera operating mode and properties 

in case of implementation of impulse laser source are discussed.  

 

1. Introduction 
The problem of creation observing and location systems which operate in low and zero visibility 

conditions is extremely relevant for military and civilian tasks. Requirements for maximum detection 
range, as well as the possibility to easy interpret an object could not be achieved by common night 

vision devices, such as thermal detectors based on microbolometers as well as photon detectors based 

on electron-optical converters with GaAs photocathode. At present time the most perspective way to 
realize night vision system it is creation of photodetector which is sensitive in eye-safe short-wave 

infrared spectral range (SWIR). The readout and conversion scheme of such devices are similar to 

visible and near-infrared devices. However, application of SWIR allows to achieve significantly better 
parameters of detection characteristics due to decrease of the Rayleigh scattering, presence of 

atmospheric window and the peak of night lighting.  

 The additional improvement of detection characteristics could be achieved by realizing of complex 

active night vision scheme. It consists impulse-mode laser source (1.54 μm. Nd:YAG shifted laser) 
and synchronized gated-mode SWIR camera. To achieve the pulse duration below 100 ns the main 

part of gated camera – photosensitive sensor should include SWIR-photocathode [1]. The purposes of 

the work were to develop SWIR-sensitive photodetector based on photocathode and to implement it in 
gated night-vision camera.  

 

2. Experimental 
Requirement of implementation photocathode technology and spectral range of photosensitive device 

could be fulfilled by implementation of InP/InGaAs/InP heterostructure activated with Cs and O2. It 
based on the principle of inter–valley electron transfer (transfer electron photocathodes – TEP) and 

sensitive in 0.9–1.7 μm spectral range [2-3]. The device design is shown in figure 1(a). In vacuum 

photoelectronic device the electron-bombarded charge-coupled device (EBCCD) should be used as the 
photoelectron converter [4]. Applying of high voltage between photocathode structure and EBCCD 

allows to accelerate existing photoelectrons and to achieve the electron-bombarded gain (EBS) process 

in the structure of CCD. The principal scheme of camera with InP/InGaAs/InP based photodetector is 
shown in figure 1(b). 
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Figure 1(a, b). (a) Device design: 1 – input window, 2 – InP/InGaAs/InP photocathode structure, 3 – 
device body, 4 – photoelectron converter holder board, 5 – EBCCD, 6 – inputs and outputs; (b) 

Functional scheme of SWIR gated camera: 1 – photosensitive detector with TEP and EBCCD, 2 – 

amplifier, 3 – filter, 4 – analog-digital converter, 5 – synchrogenerator, 6 – level converters, 7 – 

voltage driver, 8 – high-voltage power supply 9 – USB interface, 10 – focusing lens, 11 – 
synchronizing to laser supply, 12 – 27 V. camera power supply, 13 – video out. 

 

As the result of manufacturing process photoelectronic vacuum device was created. In passive 
transparent mode (photocathode illuminated from the InP substrate side) and room temperature 

conditions the 5% quantum efficiency was achieved. In case of cooling photocathode to 278 K the QE 

increases more than 2 times by the opportunity to apply higher supply voltage [3,5]. In consequence of 
using proximity-focusing technology the active surface of the photocathode structure should be 

1.4x1.0 cm in case of 1,38x9,8 cm CCD size. Therefore, the uniformity of InP/InGaAs/InP structure is 

the most significant problem. 

 The suggest design of SWIR camera allows to use it in passive (detection of only natural radiation 
without additional laser source), active (camera detects reflected radiation from object illuminated by 

SWIR laser source) and active-impulse mode (in addition to common active mode the high voltage 

power supply connected to TEP synchronized to laser pulse duration). Active-impulse mode allows to 
collect only the radiation reflected from the target area of interest. In this way, only the objects in a 

volume defined by the area covered by the laser beam and a depth of field set by the gate time width 

are presented in the image [1]. 

3. Conclusion 
Development of SWIR-sensitive gated photodetector systems allows to exceed characteristics of 
existing night vision cameras based on Gen 3 photocathodes and also uncooled InGaAs-FPA cameras. 

Sensitivity in 0,9–1,7 μm. spectral range is obtained with the help of InP/InGaAs/InP heterostructure. 

Photoelectron to electric signal conversation and internal amplifying are accomplished by EBCCD. 
Applying of laser-gated imaging technology allows to meet the challenges of tactical targeting and 

target identification (ID) in exceptionally long range (>20 km). 
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Abstract.  In this work we present a technique for heating dynamics measurements of quantum 

cascaded lasers active region under short pulse pumping.  

1. Introduction 

Recently quantum cascade lasers emitting in the mid-infrared range undergo very active development 

due to broad area of their possible applications in modern gas analysis, environmental monitoring, and 

safety systems. One of the most critical factors that lead to a degradation of any semiconductor device 

is overheating. That is why any high-power device requires control of temperature. Therefore, precise 

control of temperature and heating dynamics is a key to the improvement of reliability and lifespan of 

QCLs.  

2. Experiment and simulations 

In our experiment, the QCL sample emitting near 8 μm [1,2] is operating under pumping by short (about 

100 ns duration) current pulses with 25 kHz repetition rate. The pumping current densities are 6.7 

kA/cm2 and 15 kA/cm2. The technique of measuring the heating dynamics in the active region is based 

on the analysis of the dynamics of QCL spectra and measurement of the Fabry-Perot (FP) modes chirp 

[3]. Figure 1a represents the time-resolved spectra of the QCL sample under pumping with 15 kA/cm2 

current density. Figure 1b shows the section of the spectrum inside the white rectangle in Figure 1a. 

From the plot, one can see that FP modes undergo a significant redshift. The linear chirp of FP modes 

designates an increase in the temperature of the active region during the pump pulse. The heating rate 

of the active region of QCL can be estimated by the simple expression:  

𝑉𝑇 =
𝜕𝑇

𝜕𝑡
=
𝜕𝑛

𝜕𝑡
(
𝜕𝑛

𝜕𝑇
)
−1

=
𝑛

𝜆𝑚

𝜕𝜆𝑚
𝜕𝑡

(
𝜕𝑛

𝜕𝑇
)
−1

, 

 

where ∂n/∂T is the refractive index thermal coefficient, ∂λm/∂t is FP mode chirp. The measured FP mode 

chirp for current densities 6.7 kA/cm2 and 15 kA/cm2 was 0.33 Å/ns and 0.88 Å/ns correspondingly. 

Knowing the expression for FP modes spacing Δυ=c/(2nL) we can determine ∂n/∂T. Here c is the speed 

of light in vacuum, n is the effective refractive index, L is the length of FP cavity. From the data taken 

from the spectra measured at pumping current 6.7 kA/cm2 and heatsink temperature 288 K and 323K, 
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we find ∂n/∂T=2.2·10-3 K-1. Thus, the heating rate is determined as 6.2 mK/ns at 6.7 kA/cm2 and 16.4 

mK/ns at 15 kA/cm2. 

(a)

 

(b)

 
Figure 1. (a) Measured time-resolved QCL spectrum at pump current density J=15 kA/cm2 (b) The 

enlarged region selected in Figure 1(a). 

 

   In previous studies [4] with the pulse duration of 20 μs the demonstrated heating rate was more than 

3 times lower than in present research. This indicates saturation of the heating process of the QCL 

active region at pumping by longer pulses, as shown in ref. [5].  

3. Summary 

In conclusion, we have shown the technique that allows to determine the heating rate of the active region 

of QCL under short pulsed pumping. It is shown that heating of the QCL active region is present even 

under pulse pumping with durations of ~ 100 ns and duty cycle below 0.2%. 
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Abstract. Laser modules based on semiconductor laser emitters currently have found wide application 

as pumping sources for fiber lasers. They are relatively less expensive, small-size, and are 

characterized by high brightness, reliability and efficiency. In this work, we describe the design 

engineering and manufacturing of compact laser modules based on spatial combination of continuous-

wave laser diodes and subsequent beam coupling into a multimode optical fiber with the diameter of 

105/125 μm and numerical aperture of 0.15.   

 

 
1. Introduction 

Continuous-wave (CW) laser diodes (LDs) are used as an emitter source in laser modules (LMs) with fiber-

coupled output. They designed as a common pumping source for high-power fiber lasers. One of the LM key 

parameters associated with its effective use is intended for achieving the ultimate output power. To do this, 

the LM is designed involving the schemes of spatial, polarization, and spectral combination of several laser-

diode beams. In this work, the LM design based on the spatial combination of high-power laser diodes with 

975-nm center wavelength is considered. We focused on achieving the maximum output power, as well as, 

reproducible L-I characteristics while maintaining the system reliability. 

 

2. Results and Discussion 

Densely packed LDs, as part of the LM design, increase the output power. Maximum quantity of LDs, as 

well as their emission that can be efficiently combined and coupled into the LM optic fiber are constrained 

by the emitting area (width) and the beam intensity divergence in two planes, perpendicular to p-n boundary 

(fast axis), and parallel to p-n boundary (slow axis) [1,2]. Table 1 summarizes the LD parameters used in this 

work.  

 

Table 1. Laser Diode Parameters.  

Parameter Value 

LD Emitter width 90 
Fast axis divergence leveled at 95% of the maximum ° (I=12А, t=25°C) 58 
Slow axis divergence leveled at 95% of the maximum, ° (I=12А, t=25°C)  10.5 

 

Compensation of the LD’s beam intensity divergence requires using some optical elements. For example 

aspherical lens with the working distance of ~ 80 μm. They require micron-accurate positioning and 

assembly [3] and minimum-shrinkage adhesion material.  

In this work, we made a laser module to combine the beams of seven LDs. The output power at the 

pumping current of 12 A was 55 W. The L-I characteristics reproducibility was demonstrated with several 

samples (Fig.1). Burn-in tests were performed to confirm stability of the output performance and the spectral 

characteristics. Future work can be focused on further multiplication of the LM output power. 
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Figure 1. L-I curves of laser modules 
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Abstract. The characteristics of previously found not optimized isotype barriers (on 

heterointerfaces) in the bottom connecting part of triple-junction GaInP/GaAs/Ge solar cell has 

been investigated. It has been shown that it is possible to obtain the IV characteristics of such 

barriers in various ways, including by creating structures containing only an isotype substrate 

and layers forming the heterointerface. It has been found that if heterointerface contact with the 

p-n junction layers its direct IV characteristic shape depends on the incident light intensity. 

1. Introduction 

Some triple-junction GaInP/GaAs/Ge solar cells (SCs), IV characteristics have a distortion [1-3] –  

kink in the vicinity of open circuit point. The presence of an inflection correlates with an increase in 

series resistance. The properties of the inflection gave reason to assume its origin – these are isotype 

complex barriers that arise between the p-AlGaAs/p-AlGaInP structure fragment and the boundaries 

(on the one side) with p
++
-AlGaAs (p-layer of tunnel heterojunction) and p-GaAs (base layer of middle 

subcell) on the other side [3]. In this paper, to substantiate this assumption, two similar structures has 

been created by metal-organic epitaxy. In one structure, the barrier is connected with in the p-region of 

a single-junction GaAs solar cell and in another, barrier grown as an independent device. In both 

structures, the studied fragment connection with the p
++
-AlGaAs layer was changed to connection with 

the p-GaAs substrate. 

 

2. Results and discussion 

Figure 1 shows the IV characteristics of isotype barriers. Some characteristics (circles) have been 

obtained by extraction [2-3] from the light IV curves of a single junction SC, the other has been 

measured directly on an independent barrier device (triangles). Both characteristics have a similar 

form and closely coincide in negative bias. It should be noted that the shape of the extracted IV 

characteristics depends on the solar radiation. Both characteristics could be described by a two-

exponential curve presented in [3]. 

Thus, the possibility of studying the heterointerfaces (barriers) included in the structure of multi-

junction solar cells has been shown. Both using the previously proposed methods of IV curve 

extracting and using of the special structures with separate barriers are reliable for such investigations. 

The possibility of such studies is in great interest, since there is tendency to an increase the number of 

multy-juction subcells, so the number of heterointerfaces, including those requiring optimization, will 

be also increasing. 
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Figure 1. IV characteristics of non-optimized barriers in GaInP/GaAs/Ge solar cell. Circles – 

extracted form single junction GaAs device, triangles – measured from special device with only 

barriers layers. 
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Abstract. The experimental characteristics of GaAs p-i-n structures with hybrid GaInAs 

quantum objects (QOs) has been investigated. The study of electroluminescence spectra show 

that an increasing of QOs number leads to relative increase in electroluminescence intensity 

from QOs and decrease it from the GaAs matrix. Increase of QOs recombination leads to a 

open circuit voltage drop. It has been shown that recombination through deep levels in the QOs 

begins to dominate recombination in the matrix at lower QOs number than it does with inter-

band recombination. 

1. Introduction 

One of the ways to improve the widely used triple-junction (TJ) GaInP/GaAs/Ge solar cells (SCs) is 

the introduction of hybrid InGaAs quantum objects [1] to a middle GaAs subcell. This allows 

increasing middle subcell photogenerated current  and improving the photogenerated currents balance 

of the SC [2]. Note that it was experimentally discovered [3, 4] that the introduction of quantum 

objects in p – n junction always leads to an increase in the saturation current and, consequently, to an 

open circuit voltage drop. At the same time, the improvement in the photogenerated current balance 

will be able to outweigh these losses. As a result, the introduction of quantum objects (QO) in the 

middle subcell is a one of the promising way to enhance the TJ SC performance. In the work we 

studied the change in the recombination processes in the p-n junction with the introduction of quantum 

objects. 

 

2. Results and discussion 

The photovoltaic and electroluminescent characteristics of solar cells with a different number of 

hybrid QOs rows has been investigated. One can see on Fig.1b that the increasing of quantum objects 

number changes the electroluminescence spectrum. With an QOs rows increasing the ratio between 

the peak intensities from the GaAs matrix (peaks in the region of 1.42 eV) and from hybrid QOs is 

changing. Note that all the spectra shown has been obtained at same current (10 mA) through the SC. 

Thus, the increasing of QOs rows reduces the relative contribution of recombination from the matrix 

and increases the contribution from hybrid QOs.  

This effect on the electroluminescence spectrum is consistent with the effect on the Voc-Jg (open circuit 

voltage vs photogenerated current) characteristics (Fig. 1a). It can be seen that with an increase in the 

number of rows, the open circuit voltage drops, in other words, the p-n junction saturation current (J0) 

increases. A two-diode model has been used (lines on Fig. 1a) to describe the experimental 

characteristics (symbols on Fig. 1a) and J0 values have been obtained for a unary (diffusion) and 
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binary (recombination) current components. These values have been used to calculate the open-circuit 

voltage drop. According to [5], a change in Voc also indicates a change in the energy gap. In our case 

there are two type of recombination centers (in matrix and in OQs) with different energy gaps, so this 

energy characterize the average recombination energy. In Figure 1b, we shown this energy by vertical 

lines.It has been calculated by using unary and binary saturation currents. It can be seen that with an 

increase in the dominance of QOs recombination, the average recombination energy (calculated from 

the Voc-Jg characteristics) shifts toward the main peak of QOs (in the region of 1.2 eV). 

Note, that the energy calculated by unary current do not reach the QOs effective band gap while 

energy calculated by binary component reaches it. The unary saturation current determined by inter-

band recombination and binary one by a recombination thought a deep layers. The equality of binary 

average recombination energy with QOs effective band gap at 20 QOs rows means that recombination 

through deep levels in QOs begin to dominates at such QOs row numbers inter-band recombination is 

till presented in GaAs matrix. 

 

  

Figure 1(a, b). (a) Open circuit voltage vs photogenerated current  (Voc-Jg) characteristics of 

GaAs solar cells with GaInAs hybrid quantum objects and of a reference solar cell (without 

quantum objects): symbols – experimental characteristics, lines – two diode model fit. (b) 

Electroluminescence intensity spectra for  GaAs solar cells with GaInAs hybrid quantum objects 

(solid lines) and calculated average recombination energy of unary (diffusion) and 

binary(recombination) current flow mechanisms (energies shown as a vertical lines). 
 

 

Acknowledgments 

The work has been supported by the Russian Science Foundation (Grant №17-72-20146). 

References 

[1] S. A. Mintairov, et.al., Electron. Lett. 51 1602–4, 2015  

[2] H. Fujii., et. al., Prog. Photovolt: Res. Appl. 2014; 22:784–795. 

[3] M.A. Mintairov, et.al., Semiconductors, 2018, v52, p. 1244 

[4] M.A. Mintairov, et.al., AIP Conf. Proc., St. Petersburg (Russia), 2016, v. 1748, p. 050003 

[5] R. R. King, et. al., Prog. Photovolt: Res. Appl. 2011, 19 

260



 

 

 

 

 

 

Electrically pumped microdisk lasers with semitransparent 

conducting pyrolytic carbon film  

E I Moiseev1, Yu S Polubavkina1, N V Kryzhanovskaya1, M M Kulagina2,  

Yu M Zadiranov2, M V Maximov1, T Kaplas 3, Yu Svirko3, A A Lipovskii1,4,  

F I Zubov1, A E Zhukov1 
1 
St Petersburg Academic University of RAS, Khlopina 8(3), St Petersburg 194021, 

Russia 
2
 Ioffe Physical Technical Institute of RAS, St Petersburg, Russia 

3
  University of Eastern Finland, Joensuu, Finland 

4
 Peter the Great St Petersburg Polytechnic University, St Petersburg 195251, Russia 

 
Abstract.  Electrically driven microdisk lasers with top contacts made of a semitransparent 

conducting pyrolytic carbon film are developed. Electrical properties of the pyrolytic carbon 

contact to p-type doped GaAs epitaxial layer are studied. Room temperature 

electroluminescence spectra from the array of the microdisk lasers are demonstrated. 

Introduction 

There has been significant work on the miniaturizing semiconductor lasers. Recently semiconductor 

WGM microlasers based on ring/disk cavities with low threshold (2 uW) [1] and high quality factor 

(Q)  up to 7x10
5
 [2] have been demonstrated. Under optical pumping, lasing operation at 100

o
C of 

microring laser as small as 2 µm has been recently reported [1]; room temperature lasing was reported 

in 1.16 µm GaInAsP microdisk laser [3] and in 1µm InAs/GaInAs quantum dot (QD) microdisk laser 

[4]. At the same time, the smallest diameter of the microdisk laser with current injection is 6.5 µm 

with room temperature operation [5]. Further reduction of the injection microdisk laser requires 

electron beam lithography, planarization stage or air-bridge technology to form an electrical contact to 

upper p-doped layers. In this work we study the possibility to use the pyrolytic carbon (PyC) film to 

make an electric contact to the p-doped GaAs cap layer.  Room temperature electroluminescence 

spectra of the microdisk lasers with diameters 15-30 m, which are electrically pumped through the 

semitransparent PyC layer are demonstrated.  

 

Experiment 

Epitaxial structures were grown by molecular beam epitaxy on an n+ GaAs(100) substrate. Ten layers 

of InAs/In0.15Ga0.85As QDs were deposited in the middle of a 0.44 µm thick GaAs waveguiding layer 

confined with Al0.25Ga0.75As claddings. Microdisk resonators were formed by means of chemical 

plasma etching to have diameters of 15…31 µm. Etch depth was about 7µm. AgMn/NiAu 

(AuGe/Ni/Au) metallization was used to form ohmic contacts to p+ GaAs cap layer (n+ substrate, 

respectively). PyC films were deposited in CVD quartz chamber using CH4:H2 gas mixture on the 

transferring PMMA layer. In our work we used 20-25 nm-thick PyC films with app. 50% transparency 

at 1.3 m. To make an electrode to p-type contact, the PyC film was attached to the top of the array of 

the microdisk lasers. Owing to mechanical strength the film did not show any sagging. Current was 
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injected thought the PyC film to the array of the microdisk lasers using a copper tape. The schematic 

of the microdisk lasers with PyC contact is shown in Fig.1. Lasers were mounted on a copper heatsink 

and tested at room temperature without external cooling. In-plane emitted light was collected with a 

piezoelectrically adjustable x100 Olympus LMPlan IR objective. 

 

Results 

 

 

 
Fig.1 3D achematic illustration of the array of 

microdisk lasers with top PyC electrode.  

Fig.2 Electroluminescence spectra of the microdisk 

array with PyC electrode at room temperature. Inset: 

current–voltage characteristics of the microlasers. 

 

The microlasers demonstrate well pronounced turn-on behavior of current-voltage characteristic with 

an opening voltage under forward bias of U0 ~1 V and series resistance RS =2kOhm. Figure 2 shows 

the electroluminescence spectra of the microdisk array with diameters of 15-30 μm recorded at 

different currents. The emission spectrum has the typical form of the spontaneous emission of self-

organized InAs/InGaAs QDs with 1.26 m maxima at low pump power. We did not obtain any WGM 

lasing due to the spread of the current between the different lasers. With increasing pump current, the 

electroluminescence maxima demonstrates red shifts caused by the heating of the structure 

(0.8nm/mA). From this shift we can estimate the structure overheating to be 60
o
C at 15mA, which is 

nearly the same obtained for the single microlaser pumped directly without PyC film. 
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Abstract. Room temperature lasing in 6 µm microdisks laser with InAs/InGaAs quantum dots 

transferred on a silicon substrate is demonstrated. Immersing of the microdisc into glue does 

not lead to deterioration of surface quality or to significant increase in radiation loss. Quasi 

single mode lasing is observed at 78 K. 

1. Introduction

Currently there is a need to develop radiation sources for optoelectronic integrated circuits with small 

size, low power consumption, planar design and high temperature stability [1, 2]. Semiconductor ring 

and disk microcavities with active region of InAs/InGaAs quantum dots (QDs) satisfy these 

requirements. The non-direct gap energy structure of silicon, which is dominant in electronics, is 

significantly hampering the development of silicon microlasers. Thus, the problem of integration high 

performance III-V radiation sources with silicon chips remains topical. Recently were demonstrated 

microring and microdisk lasers based on InAs/InGaAs QDs with outstanding characteristic and lasing 

up to 107 
0
C [3]. In this work we develop the simple technology of transferring of microdisk laser with 

InAs/InGaAs QDs on a silicon substrate and get it characterization in 78-300K temperature range. 

2. Experiment

The structure was grown by molecular beam epitaxy with Riber 49 setup with a solid-state As source 

on a semiinsulating GaAs (100) substrate. For selective etching, a buffer GaAs layer was deposited 

and then Al0.98Ga0.02As stoplayer was grown. The InAs/InGaAs QDs layers were inserted into a 0.2-

µm thick GaAs waveguiding layer. Microdisc resonators with 6 μm diameter were formed using 

photolithography and etching by an Ar+ ion beam (figure 1, a). The epitaxial side of the structure was 

then fixed to the Si substrate by glue (figure 1, b). The GaAs substrate and buffer layers and 

Al0.98Ga0.02As stop-layer were subsequently removed using an etching agents (figure 1, c). 

Microphotography of microdisk (D=6μm) is shown at figure 1, d. The structures were investigated 

under optical pumping with YAG: Nd laser (λ = 532nm). 
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3. Results

Microphotoluminescence spectra of the microdisk transferred on Si substrate obtained at 300 K is 

shown at figure 2. The narrow lines in the spectra correspond to the whispering gallery modes with 

different radial and azimuthal numbers. The intensity-pump curve for dominant line (=1296 nm) has 

a pronounced threshold (see inset in figure 2). The quality factor of the dominant line Q=λ/Δλ exceeds 

3.4 × 10
4
 at 300 K. This value is the same for initial microdisks measured before transferring. This is 

allows us to conclude that developed technology of transferring and immersing of the microdisc into 

the glue do not lead to deterioration of microdisk surface quality or to a significant increase in 

radiation losses due to decrease in the contrast of the refractive index. At low temperatures the 

dominant wavelength line is shifted to = 1237 nm due to the temperature driven active region band-

gap shrinkage. Decrease of temperature to 78 K results in slight decrease of lasing threshold by 2 

(Pth
300K

=2 Pth
78K

) due to suppression of nonradiative recombination processes. The side mode

suppression ratio at 78K is 14 dB. Thus, the microdisc exhibits quasi single mode lasing. 

4. Conclusion

The method of transfer of microdisc resonators with InAs/InGaAs QDs on the silicon substrate has 

been developed. Room temperature lasing in 6 µm microdisks laser is demonstrated. 
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transfer technology: (a) photolithography and 

etching by an Ar+ ion beam, (b) gluing of 

microdiscs to a Si substrate, (c) removal of a 

sacrificial layers; (d) microphoto of disc 

microresonator on silicon. 

 Figure 2.   Spectra of microdisks at 300 K. Insert: 

intensity-pump curve of the microdisk. 
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Abstract. The results of a comparative analysis of the spectral and threshold characteristics of 

injection microdisk lasers operating at room temperature with a spectral range of 1.2xx μm 

with an active region of InGaAsN / GaAs quantum wells for the results obtained in this and 

earlier studies are presented. It was found that the microlasers studied for this work have better 

characteristics in comparison with the microlasers studied in earlier works.  

1. Introduction

Microdisk lasers are promising as ultra-small radiation sources [1]. The advantages of such lasers are 

ease of manufacture, small size, low threshold currents, and radiation directivity in the cavity plane. 

Using quantum dots (QDs) as active region in such lasers have advantages of low threshold and high 

thermal stability of characteristics [2]. However the ground state QDs optical gain is limited [3] due to 

the finite number of the QDs what leads to lasing via excited states of QDs. Quantum well (QW) 

active region provides higher gain as compared to QDs. Therefore, using QW active region may help 

to overcome the problem of gain saturation. 

2. Experiment

The heterostructures used to create microdisk lasers were synthesized by molecular beam epitaxy on 

n+ GaAs (100) substrates. Its active region consisted of 3 strained Ga0.7In0.3N0.02As0.98 QWs, separated

from each other by 10 nm thick GaAs layers and placed in a 0.4 μm thick undoped GaAs waveguide 

layer. The structure was made as semiconductor p-n diod, with p-side on top, and n-side is substrate. 

On the top structure has 200-nm-thick p-GaAs layer, in the bottom, between barrier and substrate is 

500-nm-thick layer of n-GaAs. Microdisks were fabricated using photolithography and wet etching. 

The structures were investigated under different impulse injection pumping at the room temperature. 

Microelectroluminescence signal (µEL) was measured by an Optical Spectrum Analyzer AQ6370. 

Diameter micodisk was in the range from 11 to 30 µm. 

3. Results

µEL spectra and the dependence of the intergal intensity on the pump current were obtained for all 

available dimensions. You can see one of them on Figure 1. A comparison of the dependences of the 

threshold pump current on the diameter of the microdisk laser for the results obtained in this and 

265



 

 

 

 

 

 

earlier studies [4] is presented in Figure 2. A decrease in the threshold pump current for new structures 

is observed by optimizing epitaxial structure growth. Shares of laser radiation to total optical power 

depending on the pump current normalized to the threshold pump current were also obtained. In 

Figure 2, you can see that the resulting laser radiation fraction is more than 60%, which is much larger 

than for structures with QD (~2.8%) [5]. 
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Figure 1. µEL spectra of a 30 μm in diameter 

microdisk laser at RT 

Figure 2. The dependence of the threshold 

pump current on the diameter of the microdisk 

laser 
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Terahertz waves polarization rotation in photoexcited
single-wall carbon nanotube thin film
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Abstract. Terahertz time-domain spectroscopic polarimetry (THz-TDSP) method was used
to experimental study polarization properties of unaligned single-wall carbon nanotube thin
films with different geometric parameters on transparent float glass substrates in a frequency
range from 0.2THz to 0.8THz (corresponding to a wavelength range from 1.50mm to 0.37mm)
at controlled room temperature. Frequency dependencies of azimuth and ellipticity angles of a
polarization ellipse (PE) of the electromagnetic waves transmitted through the samples, and the
PEs at various frequencies were obtained for various values of an external near infrared optical
pumping with an external static magnetic field acting the samples. Polarization properties were
calculated from temporal waveforms of signals transmitted through the samples at two positions
of a transmission direction of polarizers. The results show that using nanomaterials-based
structures it is possible to devise efficient magneto-optically tunable polarization modulators
that can be used in the advanced fields of terahertz nanophotonics.
Keywords: terahertz time-domain spectroscopic polarimetry, unaligned single-wall carbon
nanotubes, polarization rotation, polarization properties, Stokes parameters, Faraday effect.

1. Introduction
Terahertz (THz) frequency range is widely used in physics and astronomy, chemistry and medicine,
security and telecommunication systems, and other fields of science and technology. Currently, one
of the relevant problems for development in THz photonics is the lack of efficient and affordable
tunable under external influences devices for modulating the polarization of an electromagnetic
(EM) radiation in the THz frequency range. A promising solution to the foregoing problem is
a study of carbon nanomaterials-based structures (CNBSs) for use as a functional medium in
polarizers due to unique optical and electronic properties of this materials. For experimental
studies of polarization properties of materials, and the magneto-optic Faraday effect (MOFE)
and the magneto-optic Kerr effect (MOKE), THz time-domain spectroscopic polarimetry (TDSP)
and THz time-domain spectroscopic ellipsometry (TDSE) methods are widely used.

The goal of this work was an experimental study of unaligned single-wall carbon nanotubes
(U-SWCNTs) with different geometric parameters using the THz-TDSP method with an external
near infrared (NIR) optical pumping (OP) system to obtain their polarization properties.
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2. Materials and methods
Two U-SWCNT thin films samples on transparent float glass (TFG) substrates were studied.
The U-SWCNTs were synthesized by the chemical vapor deposition at KTH Royal Institute of
Technology’s Microsystem Technology Laboratory (Sweden) on a nitrocellulose micropore filter
(NCMF) using ethanol gas without adding the hydrogen [1]. Then the carbon nanotubes (CNTs)
were transferred from the NCMF to the TFG substrates. The diameters of CNTs were calculated
using the Kataura plot, and were 1.1–1.4 nm. The length of the CNTs was visualized by the
transmission electron microscopy, and was 0.3–15 µm. To study the polarization properties of
the experimental samples using the THz-TDSP method, a system based on a THz time-domain
spectrometer [2], three wire grid polarizers, a 980 nm laser for creating the external OP of 0.2–
1.0Wcm−2, and a NdFeB axially magnetized magnet for creating an external static magnetic
field (MF) of ∼0.3T were used. Temporal waveforms of the THz signals transmitted through
the experimental samples were recorded at the parallel and the crossed by 45° positions to a
transmission direction of the polarizers, under a controlled room temperature of 291–293K.

3. Results and conclusion
Experimental frequency dependencies of an azimuth angle ψ and an ellipticity angle χ of a
polarization ellipse (PE) of the EM waves transmitted through the samples in the range 0.2–
0.8THz and the PEs at various frequencies were calculated. Results are shown in Figure 1.
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Figure 1. Frequency dependencies of (a) the azimuth angle ψ, and (b) the ellipticity angle χ of
the PE of the EM waves transmitted through the samples.

According to the obtained experimental results, it is seen that, under the NIR OP
of ∼0.6Wcm−2, the azimuth angle changes up to 20° and the ellipticity angle changes up
to 10° relative to the U-SWCNT thin films without influences. As a result of this work, the
polarization properties of the U-SWCNT thin films in the THz frequency range were studied. It
can be seen that the U-SWCNTs is an efficient nanomaterial for devise magneto-optically tunable
polarizers, which are necessary in cutting-edge THz nanophotonics.
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Photoionization of polarized argon atoms in a magnetic field 
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Abstract. Analyzing of fluorescence signals after exciting atomic states by polarized light is an 

important brunch of modern spectroscopy. Observation of magnetic resonances in polarized 

gas media is the basis of construction and realization of sensitive magnetometers. External 

magnetic fields result in diverse types of oscillating structures in detected signals that allow 

making precision measures of atomic state parameters beyond limitations due to Doppler 

broadening. Traditional methods of spectroscopy are associated mainly with bound-bound 

optical transitions [1]. In the present report, we demonstrate, both experimentally and 

theoretically, a possibility to examine photocurrent oscillations upon photoionization of argon 

atoms in a supersonic beam. 

1. Experiment 

Three-photon excited states 3s
2
3p

5
(

2
P3/2)3d[5/2]3 

(jl-coupling [2]) of Ar atoms having the azimuthal 

quantum number M=3 were produced by titanium–

sapphire femtosecond laser light (   263.8 nm) 

of the right circular polarization (see Fig. 1). 

Photoionization of polarized atoms in the state J=3, 

M=3 was operated as well by right-circularly 

polarized light of the second harmonic of titanium–

sapphire laser (   400 nm). Photoelectrons were 

trapped in an inhomogeneous magnetic field of a 

magnetic-bottle time-of-flight electron 

spectrometer. The pump (exciting) and probe 

(ionizing) pulses duration were 50 fs; the delay 

time t between them was varied in the range of 0 – 

650 ps. With varying t, periodical oscillations of 

photocurrent intensity were arising (Fig. 2), as a 

result of Larmor precession of optically polarized 

argon atoms in the magnetic field. 

BS DM

 Atomic and
 cluster beam

pump
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Figure 1. Experimental setup: OPA – optical 

parametric amplifier; DL – delay line; DM – 

dichroic mirrors; DC – doubling crystal; P – 

polarizer; BS – Babinet-Soleil compensators; CM – 

concave mirror. 

2. Equations 

We performed a theoretical analysis of the oscillating structure of integral photocurrents Il’(t) when 

one of two possible values of photoelectron orbital moment l→l’=l±1 is fixed. The irreducible tensor 
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operators technique for atomic and photon polarization moments
q


 , 

q


 [1] along with the sum rules 

[2] allow one to derive the following formula for the partial photocurrents: 
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where 
pr

I is the intensity of the ionizing laser light. The first atomic polarization moments 
q


  with 

0   (population), 1   (orientation) and 2   (alignment) determine the oscillation of the 

observed signal on the Larmor frequency overtones
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are expressed via 6j-symbols [1], which contain quantum numbers of the bound atomic state 

3s
2
3p

5
(

2
Pj)nl[K]J in the initial channel and the free electron orbital moment l’= l±1 in final (ionization) 

channel. 
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Figure 2. Delay dependence of photoionization intensity I(t) for the polarized Ar state 
2
P3/2 3d[5/2]3 

, M=3 (113 716.555 cm
-1

) (dots – experiment, solid curve – theory). 

3. Conclusions 

The aggregated intensity I(t) of photocurrent 

I(t)= 
'  1 

( )l ll l
g I t   + ( )lI t ;  2( || || )lg nl D l

     (3) 

is calculated from the partial intensities (1) with statistical weights 
l

g   equal to reduced matrix 

elements of bound-free optical transitions (   is the photoelectron energy). Figure 2 demonstrates 

close agreement between experiment and theory provided the ratio of statistical 

weights
3 1

/ 3.98
l l

g g  
 . The latter value corresponds to the Bethe rule [2], which states that the 

dominant photoprocesses occur with increasing photoelectron orbital moments. 
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Abstract. We theoretically derived symmetry properties of the anisotropy transforming 

coefficients describing angular momentum polarization of photofragments produced in 

photodissociation of planar triatomic molecules with polarized light. The full quantum 

mechanical approach was used throughout the paper. We have shown that orbital orientation of 

O(1D2) atoms produced in photolysis of ozone can be described by three independent incoherent 

and coherent excitation mechanisms described by corresponding anisotropy transforming 

coefficients that have either real, or pure imaginary values. The theory was used for describing 

ozone photolysis at 266 nm. 

1. Introduction 

As known [1,2] vector correlation in molecular photodissociation can be effectively described by a set 

of anisotropy transforming coefficients (ATC) related to several independent mechanisms of production 

of photofragment orientation and alignment. The ATC contain detailed information on photolysis 

dynamics and can be either determined directly from experiment, or calculated (at least in principle) 

from quantum mechanical theory. In particular, ATC allow researcher to obtain information on 

molecular excited states symmetry and on nonadiabatic interactions between different potential energy 

surfaces (PES). Ozone is a planar molecule that plays an important role in the atmospheric processes on 

the Earth and in various industrial devices. In particular, ozone photolysis is responsible for protection 

of all living organisms on Earth from harmful UV radiation from space. Therefore, detailed 

understanding of the mechanisms of ozone photolysis is very important as it can provide deep insight 

into the physical and chemical processes in the Earth atmosphere. In this paper full quantum mechanical 

calculations on the photofragment orientation and alignment produced in photolysis of ozone with 

polarized light have been made using the irreducible tensor representation of the density matrix and the 

first-order time-dependent perturbation theory. Dissociation wave function has been expanded as a 

Wigner D-function series and the symmetry of ATC have been analysed. 

2. Theoretical approach 

The expression describing the polarization cross-section of the photofragments produced in molecular 

photolysis was presented in the form [2]:  

𝜎𝐾𝑄(𝒌)~ ∑ 𝐷𝑞𝑑𝑞𝑘

𝑘𝑑 (𝒌)𝐷𝑄𝑞𝑘

𝐾∗
(𝒌)𝐸𝑘𝑑𝑞𝑑

(𝒆)𝑐𝑘𝑑𝑞𝑘

𝐾 ,       (1) 

where 𝐷
𝑀𝑀′
𝐽 (𝒌) are Wigner D-functions, k is the recoil direction, 𝐸𝑘𝑑𝑞𝑑

(𝒆) is a light polarization matrix, 

and 𝑐𝑘𝑑𝑞𝑑

𝐾  are ATC. Summation over the indices 𝑘𝑑 , 𝑞𝑑 , 𝑞𝑘 is assumed in eq. (1). 
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The rank K in eq. (1) can take the values K=0,1 and 2 describing the photofragment number, angular 

momentum orientation, and alignment, respectively, and Q is the component of K onto the recoil 

direction k. The rank kd in eq. (1) can be equal to 0,1,2 where kd = 1 and 2 refer to circular and linear 

polarization of the incident photolysis light [1].  

3. Results 

The symmetry properties of the ATC 𝑐𝑘𝑑𝑞𝑑

𝐾  in case of a planar triatomic molecule have been derived 

explicitly by considering symmetry properties of Clebsch-Gordan, 6-j symbols and photofragment’s 

asymptotic wave functions. 

We have shown that ATC obey the following symmetry properties:  

 𝑐𝑘𝑑𝑞𝑘

𝐾∗
= 𝑐𝑘𝑑−𝑞𝑘

𝐾  (2) 

 𝑐𝑘𝑑−𝑞𝑘

𝐾 = (−1)𝐾+𝑘𝑑𝑐𝑘𝑑𝑞𝑘

𝐾  (3) 

As resulted from eqs. (2) and (3) the ETC with odd 𝐾 + 𝑘𝑑values are all purely imaginary and those 

with even 𝐾 + 𝑘𝑑  are real. A model using the symmetry properties in eqs. (2) and (3) have been built 

that explains earlier reported experimental results on vector correlations in ozone photolysis at 266 nm 

[3].  
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Abstract. It is demonstrated that laser irradiation causes formation of complicated fractal 

crystals (classical dendrites, spherulites) on a steel surface. The distribution of these structures 

over the irradiated region can be controlled using variations in the profile of the incident laser 

beam. Electron microscopy is used to evaluate the size distributions of crystals and the surface 

distribution density. The chemical composition of various types of crystals was established by 

energy dispersive Xray spectroscopy. Cellular automata are used for modeling of crystal 

growth and crystals distribution. 

1. Introduction 

Surface modification by laser radiation has occupied an important place in science and technology. 

These methods have high flexibility, since the laser beam can be controlled in time and space, as well 

as accurately dose and adjust the radiation energy. The use of lasers with different wavelengths 

determines a wide range of studied and modifiable materials, as well as different methods for a single 

material. From the point of view of technological applications, an important problem is a possibility to 

obtain morphology with specified physical and physicochemical properties, thereby ensuring the 

required quality of laser processing, for example, during welding and cladding [1, 2]. 

On the other hand, laser heating can lead to highly nonequilibrium conditions under which new forms 

of crystallization of substances can be observed. In particular, when exposed to laser radiation, fractal 

types of crystalline structures can grow. As shown in [3-5], fractal dimension can serve as a universal 

characteristic of morphology and is associated with properties that are often impossible to obtain by 

traditional methods. In this paper there are results of experimental study of the steel surface 

morphology after interaction by pulsed laser radiation, an analysis of the emerging types of fractal 

clusters. 

 

2. Experimental and Modeling 

In experiments, it was employed a pulsed Nd: YAG laser that is used for spot welding of various 

metals and alloys with a thickness of up to 2 mm. Stainless steel samples (AISI 304 and AISI 201) 1 

mm thick are irradiated at different pulse energies and a spot size and studied using electron 

microscopy with energy dispersive analysis. 

Experimental results demonstrate that at more long-term heating in the peripheral regions there is a 

greater number of stable crystallization centres. Moreover, the fractal structure indicates an uneven 
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distribution of temperature during the phase transition [6]. The crystals formed differ in shape: at the 

very edge of the area of influence, spherulites (“needle-like” formations) are visible, closer to the 

centre; the crystals acquire a shape similar to the classical stochastic fractal (dendrites). Each type of 

crystals has particular chemical composition. Modeling of crystallization centres distribution and 

stabilized growth were simulated by cellular automata (Conway’s “Life” [7] and diffusion-limited 

aggregation [8]). These models can be used for simulation of different distribution and particular 

crystal growth. 
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Abstract. A comparative analysis of the physico-mechanical properties and SEM 

of the surface morphology of sol–gel plates based on chitosan L-(D-)ascorbate 

was carried out. It has been established that the AscA isoform has a significant 

effect on the elastoplastic characteristics of the samples and the surface relief of 

their solid phase. 

1. Introduction 

In our previous studies, it was shown that the isomeric form of ascorbic acid (L- or D-AscA) 

used to obtain the salt form of chitosan had a significant effect on the total space charge, size and 

general chirality of chitosan ascorbate macromolecules in solution, their stereomeric ordering in 

lyophilically isolated solid phase, as well as the kinetics of sol–gel synthesis of materials based 

thereon [1–4]. This study examines the effect of L- and D-AscA on the physico-mechanical and 

morphological properties of thin-film sol–gel plates based on chitosan L- or D-ascorbate without 

and with Aloe Vera juice (AV) added. 

2. Methodology 

Sol–gel plates were prepared from water–glycerol solutions of chitosan L-(D-) ascorbate (CS ∙ L-

(D-)AscA), polyvinyl alcohol and silicon tetraglycerolate (Si(OGly)
4
) without and with AV added 

in mass ratios of components of 4:2:2:2. The solid phase (xerogels) was isolated by exhaustive 

extraction with ethyl alcohol in combination with cryoprocessing. 

The elastoplastic properties were evaluated on an Instron 3342 tensile testing machine 

(Germany) in uniaxial tension mode at a speed of 10 mm/min, a loading cell of 500 N. The 

surface morphology was evaluated on a scanning microscope MIRA/LMU (Tescan, CZ). 

3. Results and discussion  

The physico-mechanical studies showed that for all the sol–gel plates obtained, such stress–

strain curves were realized, which were characteristic of soft plastic polymeric materials not 

reaching the yield strength under tensile conditions. It was found that the plates with the AV 

additive were characterized by higher values of Young’s modulus and elongation at break than 

those without the additive. The elastoplastic properties of the CS ∙ L-AscA-based plates were 

slightly worse in comparison with those based on CS ∙ D-AscA. 

It was also found that the AV addition in the composition of the source solution increased the 

hydrophilicity of the sol–gel plates, their mucoadhesive properties and resistance to UV 

radiation. 
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The revealed differences in physicochemical properties are also reflected in the surface 

morphology of xerogels isolated from the corresponding plates (Fig. 1). The degree of roughness 

and the surface relief are determined by both the addition of AV and the AscA isoform. 

 

 

Figure 1(a-d). SEM images of the morphostructure of the xerogels isolated from sol–gel plates 

based on CS ∙ L-AscA (a, b) and CS ∙ D-AscA (c, d) without (a, c) and with the addition of AV 

(b, d).  

The solid phase of CS ∙ L-AscA is characterized by a more uniform structure than CS ∙ D-AscA 

(Fig. 1 a and c). The addition of AV leads to significant texturing of the surface relief. E.g., the 

CS ∙ L-AscA-based xerogels acquire a 3D-ordered orientation of the folded-type supramolecular 

structural elements (Fig. 1 b). The morphostructure of the samples based on CS ∙ D-AscA is 

transformed into a 2D ordered developed structure (fig. 1 d). 

Thus, the sol–gel plates obtained from CS solutions in D-AscA have the best properties 

compared to those of L-AscA. The AV additive not only improves the physico-mechanical 

characteristics of the samples, but also significantly affects the supramolecular ordering of the 

material. The latter could be used to design specific optical sensors and optodes of medico-

biological purposes. 
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Abstract. This paper presents the reflection spectra of s - and p-polarized light and the 

refractive index spectra of anodized titanium surfaces modified by laser-induced periodic 

structures with gold nanoparticles. It is shown that these surfaces generate surface plasmons in 

the visible region of the spectrum, which leads to the formation of a negative values region in 

the refractive index. 

1. Introduction.  

Laser-induced periodic surface structures (LIPPS) have been widely studied recently [1,2]. The 

formation of LIPPS occurs under femtosecond laser exposure, and the properties of theses structures 

depend on the laser parameters such as laser polarization, pulse energy, angle of incidence, and the 

properties of the medium and material. LIPPS allow to change the optical, biological, mechanical 

properties and wettability of the modified surfaces. The possibility of using LIPPS in physics, 

chemistry, medicine and biology makes these structures a promising area of research [3]. This paper 

presents a study aimed to the investigate the formation of LIPPS on the anodized titanium surface with 

gold nanoparticles (NPs)  and changes in its optical properties. 

 

2. Results and discussion 

Figure 1 shows the results of scanning electron microscopy of a titanium anodized surface without 

LIPSS (a) and with LIPSS (b). 

 

      
 

Figure 1. SEM images of  titanium anodized surface without LIPSS (a) and with LIPSS  (b).  
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Figure 2 shows the reflection and refractive index spectra of titanium nanostructured surfaces with 

gold nanoparticles. 

 
                         (a)                                        (b)                                           (c) 

Figure 2. Reflectance spectra (a,b) and refractive index  spectra (c) of titanium surface modified by 

gold nanoparticles without LIPSS (solid curves) and with LIPSS (dot curves).  

 

As can be seen from figure 2(a,b), two minima are observed in the reflection spectra. The first 

minimum, located in the region of 550-600 nm, is due to the plasmon resonance of gold nanoparticles. 

The second minimum in the region of 650-700 nm is due to the plasmon resonance generated on the 

laser-structured surface of titanium.  Minima of the reflection spectrum of p-polarized radiation of the 

titanium anodized surface with deposited gold nanoparticles are located at the wavelength of 540 nm 

and 679 nm. For s-polarized radiation, a broadening of the spectrum is observed in the plasmon 

resonance region of nanoparticles.  The value of the reflection coefficients of s-polarized radiation for 

the plasmon resonance of  gold NPs on a surface without LIPSS and with LIPSS is 0.26 and 0.35, 

respectively.  Note that the position of the minima of the absorption spectrum of the titanium surface 

does not change and is shifted to the blue region after laser structuring. The values of the coefficients 

Rp and Rs at λ=650 nm (for the surface of titanium structured by a laser and the LF of gold) are the 

same. 
As can be seen from figure 2c, a region of negative refractive index values is observed in the 

refractive index spectrum (600-800 nm). The negative refractive index coincides with the 

region of strong reflection and is caused by plasmon gerenation on these surfaces. 
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Abstract. We proposed a novel design of a polarization-independent hybrid plasmonic 

waveguide. The transverse magnetic (TM) hybrid mode is confined in the low index material 

sandwiched between the silicon core and top gold layer whereas the transverse electric (TE) 

hybrid mode is supported in a narrow air gap on both sides between the silicon core and a gold 

layer. For sensing applications, two vital parameters such as the sensitivity of the hybrid mode 

(Smode) and evanescent field ratio (EFR) are studied which depends on the geometric parameters 

of the waveguide. The geometric parameters of the waveguide are optimized using the finite 

element method. The highest Smode and EFR for both polarizations is greater than 0.91 and 0.6, 
respectively. This study shows that polarization-independent highly sensitive refractive index 

sensors or evanescent field absorption gas sensors can be realized by utilizing the proposed 

hybrid plasmonic waveguide design. 

 

1. Introduction 

In this work, we proposed a novel scheme of a polarization-independent hybrid plasmonic waveguide 
which requires two metal-dielectric interfaces capable of supporting both TE and TM guided modes. 

The waveguide structure consists of a vertical hybrid plasmonic waveguide structure, besides, a thin 

layer of gold is deposited on both sides of the core separated by a small air gap. This arrangement of 
layers provides a TM mode confinement in the central part and TE mode is supported in a nano-slot on 

both sides of the waveguide core. The waveguide geometry is optimized at 1550 nm to obtain high 

mode sensitivity and evanescent field ratio. The numerical investigations showed that the obtained 

values are quite high which makes this waveguide an ideal candidate to be employed in evanescent 
field absorption gas sensors or refractive index sensing applications.  

2. Waveguide geometry 

The schematic of a hybrid plasmonic waveguide[1, 2] is shown in figure 1. The central core consists 
of three layers such as silicon (Si), silicon dioxide (SiO2) and gold (Au) deposited on a silica substrate. 

The width of the waveguide core, the height of the silicon core, the height of silicon dioxide and 

height of the top gold layer is represented as WCore, HCore, HSiO2 and Htop-Au, respectively. This 
configuration facilitates the propagation of transverse magnetic (TM) hybrid mode in HSiO2 layer. A 

thin layer of gold of height (Hrail-Au) equivalent to HSi is deposited on both sides of the central core 

separated by a gap (g). Throughout the paper, the parameters such as HSiO2, Htop-Au and g is fixed at 50 

nm, 80 nm and 50 nm, respectively.  

279



 
Figure 1. Schematic of a polarization-independent hybrid plasmonic waveguide structure 

3. Mode sensitivity analysis  

For sensing applications, mode sensitivity (Smode) is an essential parameter which should be taken into 

consideration while designing optical waveguides. We evaluated Smode concerning the geometric 

parameters of the waveguide. Smode is calculated with the help of the following expression:  
 

𝑆𝑚𝑜𝑑𝑒 =
𝑛𝑒𝑓𝑓2 − 𝑛𝑒𝑓𝑓1

𝑛2 − 𝑛1
 

where neff2 is the effective refractive index at the refractive index of the analyte (n2) and neff1 is the 
effective refractive index at the refractive index of air (n1). In this analysis, n2=1.35 is used to calculate 

the sensitivity of TE and TM hybrid modes. For TE hybrid mode, HCore plays an important role in 

enhancing the Smode but HCore > 150 nm makes the mode highly vulnerable which decreases Smode 

drastically when Wcore > 250nm. Smode for TM hybrid mode shows the same behaviour with increasing 
core dimensions which is more vulnerable as HCore increases. For instance, at HCore and WCore=150 nm, 

the Smode of 0.87 and 0.764 is obtained for TE hybrid mode and TM hybrid mode, respectively.  

4. Conclusion 
We proposed a novel design of a hybrid plasmonic waveguide which is capable of supporting both 

transverse electric (TE) and transverse magnetic (TM) hybrid modes at 1550 nm. This waveguide 

structure can be utilized in integrated sensors where strong light-matter interaction is required. For 
sensing applications, the waveguide geometry should be optimized taking into account the mode 

sensitivity (Smode) and evanescent field ratio (EFR) of the hybrid mode. For TE hybrid mode, the 

highest Smode and EFR of 0.98 and 0.68 is obtained by optimizing the geometric parameters of the 
waveguide, respectively. Almost the same modal characteristics are obtained for TM hybrid mode 

where Smode is 0.92 and EFR is 0.6. This study shows that polarization-independent highly sensitive 

refractive index sensors or evanescent field absorption gas sensors can be realized by utilizing the 

proposed hybrid plasmonic waveguide design.  
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Abstract. Results on the experimental study of the LiNiPO4 single crystal are presented by 

means of IR spectroscopy. Spectroscopic parameters of the room-temperature IR phonons are 

obtained. Frequency shifts of the specific lines in the absorption spectra in the vicinity of the 

Néel temperature indicate the presence of significant spin-phonon and spin-electron 

interactions in a crystal under study. 

Introduction 

 

There are two reasons, why a LiNiPO4 crystal is of interest for scientific research. Firstly, it is a 

promising material for using as a cathode in lithium-ion batteries [1, 2]. Secondly, it is low-

temperature magnet [3, 4] with interesting phase diagrams and multiferroic properties. Literature 

information on IR vibrational properties is scarce. Only Raman-active phonons have been studied in 

detail [5]. In this paper, the spectra of IR-phonons have been studied at room temperature, as well as 

the transmission spectra of electronic and overtone absorption upon cooling down to helium 

temperatures. 

Aims, methods and results 

The aims of this work are an experimental study of IR-phonons in polarized light and a search for the 

features associated with typical for multiferroics interactions of various crystal subsystems, namely, 

the lattice and magnetic ones. 

Polarized reflection spectra were measured using a Bruker IFS66 Fourier spectrometer. Low-

temperature transmission spectra in a wide spectral range (1200-20000 cm
-1

) were obtained using a 

Bruker IF125HR Fourier spectrometer, which was equipped with a helium closed-cycle Cryomech 

PT403 optical cryostat. 

As a result of studying the reflection spectra and further model fitting, the parameters of IR-phonons, 

including their frequencies, oscillator strengths and damping constants, were obtained. Also, the 

symmetries of each phonon were determined. An amplification of the overtone intensity due to the 

Fermi effect was detected for the B2u phonon with a frequency near 999 cm
-1

. It was found that two 

absorption lines (1825.3 and 1833.0 cm
-1

) in the overtone spectral region are sensitive to a magnetic 

ordering. At temperatures near 21
o
 K, an abrupt shift of these two lines was detected to the frequencies 

of 1824.3 and 1832 cm
-1 

(Fig 1a, b), respectively. At the same temperatures, an abrupt shift was 

detected in the region of Ni
2+

 electronic absorption frequencies (Fig 1c, d). 
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These facts unambiguously indicate a noticeable interaction of the magnetic, lattice and electronic 

degrees of freedom in the LiNiPO4 crystal. A possible explanation for the shifts of the absorption lines 

could be the magnetostriction arising due to the magnetic ordering. 

 

 

Figure 1(a,b,c,d). (a,c) Transmission spectra at low temperature and (b,d) intensity maps. (a,b) Overtone 

region; (c,d) Electronic absorption region. 
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Abstract. A complex study of the single bent GaP NWs based on micro-Raman mapping is 

introduced. We discuss strain-induced changes in Raman spectra of bent GaP NWs with 

respect to strain rate and polarization in terms of deformation potential theory. Analysis of 

obtained spectra revealed the removal of a degeneracy and spectral shift of the Raman modes 

arising from the linear strain distribution across the NW. Introduced subwavelength technique 

is a powerful tool for the investigation of the structural and optoelastic properties of the nano-

sized objects without the use of tip-enhanced effects. 

1. Introduction 

Semiconductor nanowires (NWs) are prospective building blocks for next generation nanoscale 

electronic devices [1]. Among NW unique properties, great mechanical strength is remarkable.  In this 

case, utilizing mechanical stress for NW-based devise performance expansion through energy band 

diagram changing is of interest. Successful tuning or enhancement of NW optical and transport 

properties was recently showed in numerous papers [2-5]. The research interest around strain 

engineering stimulates studies of strain-induced effects in NWs. Raman spectroscopy is a 

conventionally used for strain analysis in semiconductors. In this work we show a simple way for 

creating large bending strains in MBE-grown GaP NWs and investigate stress-induced spectral 

changes with micro-Raman spectroscopy. 

2. Results and discussion 

GaP NWs were grown in self-catalytic vapour-liquid-solid regime on (111) Si using solid-source 

molecular beam epitaxy. NW average length exceeded 25μm. For subsequent study NWs were 

dispersed on glass by mechanical rubbing. As a result, some of them were randomly bent. Optical 

measurements were carried out using Horiba LabRam HR 800 confocal Raman microscope. First, we 

conducted Raman study of a straight NW in four polarization geometries (figure 1, a). Pronounced TO 

and LO modes appear at 366 and 400 cm-1 respectively. TO Raman intensity is strongest for both 

 ̄z(xx)z and  z̄(yy)z cases while LO intensity weakly depends on polarization. Thus, Raman selection 

rules are not fully masked by antenna effect as NW diameter (around 140 nm) is large enough. Full 

width on half maximum (FWHM) of TO mode doesn’t exceed 4 cm-1. Raman spectra from the central 

region of bent NW are presented in figure 1, b. The NW curvature radius in the most strained region 

was approximately 2.5 μm according to optical image. TO FWHM increased due to red shift in tensed 

region and blue shift in compressed region arising from strain-induced energy band changes. The 

increase is most significant (up to 16 cm-1) in case of  ̄z(xx)z polarization that may be attributed to 

stronger stress along NW growth direction (111). According to recently published TEM+Raman strain 

mapping study of GaP NWs [7] we estimate that the bending strain rate in studied NW exceeds 3.5%. 
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Figure 1. Polarized Raman spectroscopy of individual horizontal straight (a) and bent (b) nanowire. 

 

We further obtained three Raman spectra with different pumping spot Y coordinate (see figure 3). 

First, the spot mostly illuminates NW compressed side, the impact from compression-induced blue TO 

shift is dominant. TO peak has steep right shoulder and the maximum value at 369 cm-1and FWHM 

value is 20 cm-1. Second, the spot is located at the middle of NW cross section, the impact from tensed 

and compressed regions is equal. TO mode is uniformly broadened (FWHM 16 cm-1), with the 

maximum value 366 cm-1. Third, the spot is located on the tensed NW side, the impact of tensed 

region leading to red TO shift is dominant. TO maximum value is 362 cm-1 and FWHM is 20 cm-1. 

Peak shift across NW is considered linear, that is in agreement with linear strain distribution. 

 
Figure 2. Raman spectroscopy of bent nanowire. 

3. Conclusion  

To conclude, we provided polarization-dependent Raman study of individual self-catalytic MBE-

grown GaP nanowire. Simple yet efficient method of mechanical rubbing was utilized to create 3.5% 

strains. Stress-induced non-uniform broadening and linear shift of TO mode were observed. The shift 

originates from the impact of highly strained regions across NW which size is much smaller than the 

resolution of our optical system. Our approach allows characterization of local optomechanical 

properties of nanosized objects without using tip-enhanced techniques. 
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Abstract. The results of the experimental studies of terahertz photoluminescence of the 

nanostructures with donor doped GaAs/AlGaAs quantum wells with different compensation 

degree of donors with acceptors are presented. The optical transitions of charge carriers 

through the donor and acceptor states are observed in the terahertz photoluminescence spectra 

of the nanostructures. It is demonstrated, that the compensation of donors by acceptors in 

quantum wells leads to an increase in the terahertz photoluminescence intensity. The spectra of 

terahertz photoconductivity and near-infrared photoluminescence with the participation of 

shallow impurity states were also investigated. 

1. Introduction 

Terahertz photoluminescence (PL) associated with the optical transitions of nonequilibrium electrons 

from the first electron subband and excited donor states to the donor ground states was earlier 

observed under conditions of interband optical excitation of nanostructures with silicon doped 

GaAs/AlGaAs quantum wells (QWs) [1]. Observation of such impurity-assisted optical electron 

transitions became possible due to the depopulation of the ground donor state by radiative electron-

hole recombination between donor ground state and first heavy hole subband in QW. This work is 

devoted to the studies of possibility to increase an intensity of impurity-assisted terahertz 

luminescence in nanostructures with doped QWs due to the significant compensation of donors with 

acceptors. Such compensation results in a decrease of equilibrium population of donor states in QWs 

as well as in the emergence of additional depopulation of ground donor states via "donor-acceptor" 

optical transitions. 

2. Samples and experimental setups 

Samples under study were MBE grown on a semi-insulating GaAs substrate on a 0.5 µm thick GaAs 

buffer layer and contained 50 periods of 7.6 nm wide GaAs/Al0.3Ga0.7As QWs. QWs in nanostructures 

were doped with silicon only or with both silicon and beryllium. The surface concentration of each 

impurity was 3·1010 cm-2. For the electrical and photoelectrical studies, an indium contacts were 

deposited on the surface of the samples and annealed in the N2 atmosphere (400°С, 5 minutes). 

Samples were mounted in a Janis PTCM-4-7 closed cycle optical cryostat (T = 4-320 K). Terahertz 

PL and photoconductivity (PC) spectra were studied using a Bruker Vertex 80v vacuum FTIR 

spectrometer operating in a step scan regime and Mylar multilayer beamsplitter. Liquid He cooled Si 

bolometer was used as a terahertz sensitive detector. Nd:YAG solid state CW laser (λ = 532 nm, 0.5 

duty cycle, 80 Hz frequency) was used as a source of pumping radiation. Photoconductivity 
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measurements were carried out under a 5 V bias voltage applied to the sample using a SR-570 current 

preamplifier. A mercury lamp was used as a source of broadband terahertz radiation.  

3. Results and discussion 

Terahertz PL spectra of both nanostructures are consisted of several emission bands related to the 

optical transitions of charge carriers involving impurity states in QWs. A broad emission band in the 

photon energy range of 3-28 meV observed for both compensated and uncompensated nanostructures 

is associated with optical electron transitions from the first electron subband e1 and excited donor 

states 2px,y to the ground donor state 1s in QWs. Spectral position of this emission band is in a good 

agreement with a PC spectrum of donor doped QWs, which is consisted of broad photocurrent band 

related to the 1s-e1 and 1s-2px,y optical electron transitions. Another emission band in the photon 

energy range 34-40 meV is observed for the compensated QWs only and could be associated with 

optical electron transitions from the ground acceptor state to the first heavy hole subband. 

The near-infrared PL spectra of both nanostructures measured at a T = 8 K show emission bands 

related to radiative recombination of free and impurity-bound excitons as well as radiative electron-

hole recombination through the donor states in QWs. The near-infrared PL spectrum of nanostructure 

with compensated QWs also shows emission bands associated with optical transitions of charge 

carriers between the first electron subband e1 and ground acceptor states as well as with "donor-

acceptor" optical transitions. 

Comparing the terahertz PL intensity integrated in the photon energy range of 9-30 meV for two 

nanostructures (see Figure 1) one can see that compensated QWs show an order of magnitude larger 

emission intensity than donor doped ones in the wide range of optical pumping powers.  
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Figure 1. Dependencies of integrated terahertz PL intensity on the pumping power of the 

nanostructures with donor doped (triangles) and compensated (circles) QWs measured at the T = 8 K. 

Dashed, dotted and dash-dotted lines show the approximation of experimental data. 

Conclusion 

The low-temperature near-infrared PL, terahertz PL and terahertz PC are investigated in 

nanostructures with doped compensated and uncompensated QWs. The optical transitions of charge 

carriers involving impurity states in PL and PC spectra of nanostructures are revealed. It is shown that 

compensation of impurities in QWs allows to increase the impurity-related terahertz PL intensity. 
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Abstract. Coherent dynamics of trions in InAs quantum dots (QDs) in microcavity 
was investigated using time-resolved photon echo (PE) and stimulated photon echo 

(SPE) techniques. Temporal profiles and polarization properties of PE and SPE signals 

shows that the system under study is the model trion system. The trion population 
decay time and irreversible optical phase relaxation decay time, were determined at 

low power excitation regime at low temperature. Long spin relaxation time allows us 

to observe the mode-locking effect in SPE signal. 
  

1.  Introduction 

 
Nowadays, time-resolved four-wave mixing (FWM), photon echo (PE) and stimulated photon echo 

(SPE) spectroscopy are one of the most prospective methods of investigation optical and spin coherent 

dynamics. The reason for the wide interest in these effects is determined by the broad potential of their 

application in the field of optical information processing [1]. Combination of time-resolved methods 
and polarimetry technique allows not only distinguish type of quasiparticle under study, but also 

obtain fundamental characteristics, such as phase and energy relaxation times. In this work, coherent 

and polarimetry properties of trions in semiconductor QDs in microcavity was studied. 

2.  Experiment and results 

 

The sample under study (#14833) contains 4 layers of InAs QDs embedded in antinodes of the 
standing wave of the microcavity, which consist of 11 and 14 pairs of GaAs/AlAs distributed Bragg 

reflectors (DBRs). The sample was annealed at a temperature 850 °C to achieve the coincidence of the 

energies of QDs trion resonances and photon mode of the microcavity. The sample scheme is 
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presented in Figure 1 (a). In order to minimize phonon scattering of trions, the sample was immersed 

in liquid helium at a temperature 1.4 K. Optical excitation was performed by picosecond laser at 

wavelength 863.2 nm.  

 

 
Figure 1 (a,b). (a) Sample scheme; (b) Experimentally obtained PE and SPE temporal profiles and 

schematically illustrated exciting picosecond pulses. 

  

The experimental PE and SPE signal temporal profiles are presented in Figure 1 (b). Two-pulse PE 
signal appears after the action on the sample of two optical pulses, delayed in time by τ12. In this case, 

PE12 has a maximum at 2τ12 after the action of the first pulse. For SPE third pulse, which comes at τ12+ 

τ23, is needed. As a result, one can see the maximum of SPE signal at time 2τ12+ τ23. There is also PE13 
signal, and its origin is similar to PE12, because this is a PE from first and third pulses.  

𝑃𝑃𝐸12(𝜏12) and 𝑃𝑆𝑃𝐸(𝜏23) exponentially decays with T2 and T1 characteristic times, which are the 

optical and population irreversible phase relaxation times accordingly (Figure 1 (b)). This behaviour 
can be described by formulas: 

𝑃𝑃𝐸12 ∝ exp (−
2𝜏12

𝑇2
) (1) 

𝑃𝑆𝑃𝐸 ∝ exp (−
2𝜏23

𝑇1
) (2) 

  

The polarimetry behaviour of PE signal amplitude in excitonic and trion systems was investigated in 

[2]. By changing of mutual polarization of the second laser pulse and polarization of signals detection, 
one can measure polar rosette-like patterns. In Figure 2 (a) in polar coordinates the dependencies of 

PE amplitude on the angle between first and second pulses are presented. First pulse excites the 

sample with horizontal polarization (H), linear polarization of the second pulse rotates (R), and then 
horizontal and vertical (H and V) polarization of PE was detected. The behaviour of the shown 

experimental patterns corresponds to trion system [2].  

  

 

288



  
Figure 2 (a,b). (a) Polar rosette-like patterns, which correspond to trion;  (b) PE and SPE decays. 

 

Dependence of PE and SPE signal amplitudes on the delay between excitation pulses allows one to 
extract the population decay time and irreversible optical phase relaxation decay time (see Eq. (1) and 

(2)). Figure 2 (b) shows time decays of SPE and PE signals for the system under study corresponding 

to T1=225 ps and T2=400 ps. The fact that T2/T12 allows one to conclude that under experimental 
conditions were no effects of polarization and population scattering. 

The experimental results of investigation mode-locking effect [3], which manifest itself in SPE under 
the action of magnetic field, will be presented at the conference report.  
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Abstract. We propose to create radially polarized beam with 8-sectorial polarizer. Simulation 
is provided with Comsol multiphysics software. We show that the plate can create the radially 
polarized beam with the vortex phase. 

1. Introduction 
Cylindrical vector beams of various orders [1-7] are of practical interest in a wide list of areas. Many 
applications can be based on the phenomenon of the so-called reverse flow [8], which occurs when 
focusing high-order radially polarized beams. Thus, the formation of cylindrical beams is an urgent 
task. 
A significant number of works have been devoted to the study of methods for producing cylindrical 
vector beams, including high orders, in recent years. The main approaches include the polarization 
transformations of the initial beam using liquid crystal polarization modulators (LCMs) [9], using a 
superposition of vector beams [10], using subwave gratings [11-13], and also using crystal [14-16] and 
film [14, 17] sector plates. A continuous analogue of sector plates is the use of an interference 
polarizer [18, 19]. All methods have their pros and cons. LCMs convert the polarization of only part of 
the transmitted light, thereby reducing the polarization instinction ratio. For a converter based on 
subwavelength gratings, the efficiency and, therefore, the polarization contrast change depending on 
the angle of rotation of the plane of polarization. True, the minus of the subwavelength polarization 
gratings, which consists in the unevenness of Fresnel reflections, can be circumvented by combining 
subwavelength gratings with orthogonal strokes in neighboring Fresnel zones [20]. It should also be 
noted that for the infrared range the technology of manufacturing subwavelength gratings is somewhat 
simpler due to the longer wavelength. 
The main advantage of all types of sector converters is the lowest cost per unit area and ease of use. 
The so-called "pseudo-radial" polarization is obtained and it can be corrected with additional phase 
conversion using phase plates [7]. 

2. Radial polarization formation with sectorial polarizer 
Here we propose to create radially polarized beam with 8-sectorial polarizer which is illustrated in fig. 
1a. The transmissive axis is radially oriented from the center to the periphery of the element. There are 
the results of simulation of the element working in Fig. 1. Circularly polarized beam passes through 
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the element and loses one of the John’s vector component due to the dichroic absorption. Simulation is 
provided with Comsol multiphysics software. 
 

a)  b)  c)  d)  

Figure 1(a, b, c, d). (a) General view of dichroic sectorial plate; (b) Electric field amplitude 
after that the circular polarized beam passes through the element; (c) Horizontal component of 
the electric field; (d) Vertical component of the electric field; black arrows show the polarization 

3. Conclusions 

Operation of 8-sectorial plate is numerically simulated. We show that the plate can create the radially 
polarized beam with the vortex phase. 
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Abstract. In this work, we utilized COMSOL Multiphysic package to study the optical 

properties of hybrid anapole states supported by individual silicon nanocylinders and their 

metasurfaces. 

1. Introduction 

In recent years, studies in the field of dielectric nanophotonics are gaining more and more popularity. 

This interest is largely due to the emerging possibilities of applying the anapole state of dielectric 

nanoparticles in practice [1]. Due to the fact that the anapole states in dielectric nanoparticles are 

practically invisible at a certain wavelength [2], they, for example, can be used to hide objects, making 

them invisible [3]. The anapole state also has enormous potential for use in metamaterials for various 

optical problems [4]. Great prospects appeared after a detailed examination of high-order toroidal 

moments, with the help of which one can explain the interference of the far fields of the high order 

basic multipole moments and their toroidal counterparts [5]. In the future, the hybrid anapole state will 

make possible to tune the light behavior, which will contribute to the creation of new photonic 

elements, and will also finds its application in radiation generation, sound engineering, and nonlinear 

optics [6]. 

2. Results 

First of all, the anapole state for a silicon nanocylinder was found by optimizing its geometric 

dimensions to obtain a minimum scattering cross section at a specific wavelength. 

Then, a metasurface consisting of these nanocylinders having a hybrid anapole state at a wavelength of 

λ = 789 nm was developed, and its optical properties depending on the wavelength of the incident 

radiation were considered (figure 1). 
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Figure 1. Graphs of the dependence of the transmission, reflection and absorption of radiation with 

a wavelength of λ = 789 nm metasurface consisting of silicon nanocylinders with a radius of R = 

128 nm and a height of H = 369 nm, on the wavelength of the incident radiation. 

Our simulations prove that such a metasurface has a high transmittance and low reflection coefficient, 

which makes it practically invisible at the wavelength of the hybrid anapole state. 

 

3. Conclusions 

Thus, in this work, the hybrid anapole state for silicon nanocylinders was found by optimizing their 

geometrical parameters. In a periodic arrangement of the optimized structures (a metasurface), the 

novel effect was shown to lead to almost complete transparency, paving the way towards exciting new 

paths to create photonic devices for control light at the nanoscale. 
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Abstract. The processes of interaction of continuous laser radiation with wavelengths 527 and 

980 nm with spherical silver nanoparticles arrays formed by dry aerosol printing are studied. The 

arrays were deposited in the form of flat layers with different thicknesses and were differed by 

nanoparticles sizes. It is shown that the radiation attenuation by nanoparticles arrays with 

disordered structure depends on resonant effects arising both on individual spherical 

nanoparticles and nanoparticles agglomerates. 

 

1. Introduction 

The interaction of laser radiation with disordered metal nanoparticles (NP) arrays is described by 

absorption and scattering processes on array elements. Resonant effects that occur on individual NPs 

and their ensembles caused by NPs collective interaction may cause a significant impact on the 

propagation of radiation in such systems. The arrays formed by dry aerosol printing are interesting due 

to the complex disordered structure of dendrite-like NPs agglomerates characterized by collective 

electrical conductivity. In this case, the interaction of laser radiation with such structures may be 

described by the excitation of plasmon modes on individual NPs and their ensembles [1], as well as by 

the excitation of radiative modes of nanoantennas in the form of NPs agglomerates [2]. 

 

2. Experiment 

In this paper we studied the dimensionless radiation attenuation coefficients of disordered spherical 

silver NPs arrays formed by dry aerosol printing on glass substrates. In the experiments we varied the 

thickness of flat arrays and the average diameter of NPs, which were controlled by optical profilometer 

and transmission electron microscope (TEM) respectively. The NPs agglomerates size distribution was 

also measured directly in the gas flow by the electrodiffusion method. 

The dimensionless attenuation coefficient dependences for NPs arrays from their thickness were 

obtained from the measurements of the intensity of incident and transmitted coherent linearly polarized 

continuous (CW) laser radiation with wavelengths 527 and 980 nm (Fig. 1 (c, d)). The studied value 

was being averaged over a large area of the sample with the selected laser beam diameter 1.5 mm. The 

dependences were interpolated by an exponential function with the 𝑘𝜆 index reflecting the dimentional 

radiation attenuation coefficient for the array consisting of NPs and NPs agglomerates with a given 

average diameter and size spectrum respectively. 

According to the results, the arrays with NPs and agglomerates with the average size about 20 and 

160 nm respectively attenuate incident radiation more effectively than the arrays with NPs and 

agglomerates with the average size about 60 nm for both, although the radiation absorption efficiency 

at these wavelengths increases with the rise of NPs diameter [3]. This effect may be explained by the 

fact that the NPs in the agglomerates work as a whole, exhibiting properties of the extended dendrite-like 

plasmon nanoantennas. In this case, the radiation attenuation coefficients proximity for both lasers for 

each medium may be a result of a wide size distribution of NPs and agglomerates in the array that 

includes the particles sizes with similar radiation absorption efficiencies for both wavelengths. 
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Figure 1(a – d). (a, b) The size distribution histograms of NPs agglomerates (electrodiffusion 

method) forming the studied arrays (embedded TEM images of primary NPs for the corresponding 

cases); (c, d) The dependencies of the dimensionless radiation attenuation coefficients for arrays of 

silver nanoparticles with average diameters 20 and 60 nm respectively from the array thickness for laser 

wavelengths 527 and 980 nm. 

 

3. Conclusion 

The interaction of CW laser radiation with wavelengths 527 and 980 nm with the spherical silver 

NPs arrays formed by dry aerosol printing is determined by the radiation absorption and scattering 

processes both on individual NPs and on their agglomerates. The radiation attenuation coefficients for 

arrays with NPs and agglomerates with an average size about 20 and 160 nm respectively are two times 

higher than for arrays NPs and agglomerates with an average size about 60 nm for both. 
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Abstract. The dependences of the electron escape probability from p-GaAs(Cs,O) in vacuum 

were measured under the transition from negative to positive electron affinity. The transition 
was induced by the deposition of excess cesium or oxygen on the p-GaAs(Cs,O) surface 

activated to the state of negative electron affinity. Under deposition of excess cesium, the 

escape probability was significantly lower as compared to excess oxygen, presumably, due to 

reflection and scattering of electrons on two-dimensional cesium metal clusters. A new peak 

was observed below the band gap in the photoemission quantum yield spectra at positive 

values of affinity.  

1. Introduction 

The deposition of thin (subnanometer) layers of cesium and oxygen to the atomically clean p-GaAs 

surface leads to the reduction of the surface potential barrier for electron emission into vacuum and the 

formation of the state with negative effective electron affinity (NEA) χ*  - 0.2 eV at which the 
vacuum level is below the bottom of the conduction band in the bulk of GaAs [1]. NEA photocathodes 

based on p-GaAs(Cs,O) are widely used in various photoemission devices. Interest in semiconductors 

with relatively small positive electron affinity (PEA) * ~ 0.2-0.4 eV is due to the possibility of 
increasing the efficiency of solar energy conversion using photon-enhanced thermoelectronic emission 

(PETE) [2,3]. Earlier, in experiments on the transition from the state with PEA to the state with NEA 
and back, from NEA to PEA, a nonmonotonic dependence of the escape probability of thermalized 

electrons in vacuum Pt on the effective electron affinity was observed, with a deep minimum near 

*  0 [4, 5]. It has been suggested that the minimum is due to a change in the mechanism of emission 
at the transition from a positive to a negative affinity. However, the experimental data obtained in [5] 

are not sufficient to explain the significant differences in Pt(*) dependences in the transitions from 

NEA to PEA induced by excess Cs and O2, because in these experiments the initial values of NEA * 
differed significantly. The aim of the present study is to fill this gap by performing additional 

experiments by depositing excess cesium and oxygen on optimally activated surfaces p-GaAs(Cs,O) 
with close initial values of a quantum yield and affinity. A substantial increase in the signal/noise ratio 

allowed us to resolve a new Cs-induced sub-bandgap feature in the photoemission quantum yield 

spectra.  

2. Experimental 

The experiments were done on epitaxial layers of heavily doped p-GaAs(001). The photoemission 

quantum yield spectra were measured in the ultra-high vacuum set-up, during cesium or oxygen 

deposition on the GaAs(Cs,O) surface activated to the NEA state. The details of preparing atomically 
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clean surface of GaAs(001), activating the surface by Cs and O2 and measuring photoemission spectra 

are described earlier [3-5].  

3. Results and discussion 

The evolution of photoemission quantum yield spectra measured by Cs deposition on the p-

GaAs(Cs,O) surface activated to the state of NEA is shown in figure 1. The affinity * increases from 
top to bottom. The spectra contain contributions of direct photoemission (of hot photoelectrons) and 

PETE (thermalized electrons). Under Cs deposition we also observed an additional peak at 1.365 eV 

below the band gap g. The origin of this peak is not yet clear. It may stem from the sub-bandgap 
absorption in the band bending region due to Franz-Keldysh effect in the surface electric field.  

The electron affinity and escape probability was determined by comparing the measured and 

calculated spectra [3]. The dependences Pt(*) determined for O2 and Cs depositions on the activated 

p-GaAs(Cs,O) surface with NEA are shown in figure 2. It is seen that the shape of both dependencies 

are qualitatively the same, with a deep minimum at * = 0. Unlike [5], the initial values of the affinity 
and escape probability are approximately the same. However, Pt values in the "cesium" experiments 

are considerably (by 3-5 times) lower than in the "oxygen" experiments. This difference is presumably 

explained by reflection and scattering emitted electrons on two-dimensional cesium clusters, which 

reduce the escape probability and photoemission quantum yield.  
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Figure 1. Evolution of photoemission 
quantum yield spectra measured under the  

deposition of excess Cs on the NEA p-

GaAs(Cs,O) surface. The affinity * increases 
from top to bottom.  

  

Figure 2. Electron escape probability Pt versus 

* measured for the excess oxygen (circles) and 
cesium (triangles) depositions on the activated                         

p-GaAs(Cs,O) surface with the state of NEA.  
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Abstract. This work is devoted to the synthesis and the optical properties study of a new 

multicomponent heterophase ceramic based on two solid solutions of the AgBr – (TlBr0.46I0.54) 

system. Ceramics are transparent in the infrared range from 1.0 to 40.0 ÷ 50.0 μm, non-

hygroscopic, are photo- and radiation-resistant, flexible, as a result of which various optical 

products are made from it by hot embossing.  

1. Introduction 

Today, there is a wide development of the mid-infrared range, since it is deficiently studied and poorly 

developed. This is evidenced by a very limited number of existing solid-state and fiber laser systems 

capable of generating radiation in this range. Therefore, a popular area is the creation of multifunctional 

elements based on crystalline ceramics for the generation, transmission, recording and control of 

infrared (IR) radiation in a wide spectral range from 1.0 to 50.0 microns. However, the known ceramic 

materials have complex manufacturing techniques and require special expensive equipment. In addition, 

their transparency range is limited by the visible and near infrared ranges. 

 

2. Optical properties 

To date, the article's authors for the first time synthesized a multicomponent, highly transparent, without 

absorption windows in the range from 1.0 to 40.0 ÷ 50.0 μm (Fig. 1) heterophase ceramic based on cubic 

and rhombic phases two solid solutions. The ceramic is based on the cubic phase of the AgBr – 

(TlBr0.46I0.54) system with a TlBr0.46I0.54 content in AgBr from 1.0 to 42.0 wt. % and from 85.0 to 97.0 

wt. %, which follows from the previously studied diagram of the system' melting point [1]. For the first 

region, the rhombic phase has the composition Tl2AgBr2I, and for the second, AgTl2BrI2, which is 

confirmed by studies. It should be noted that the obtained ceramics' quality and the ratio of solid 

crystalline phases in it depend primarily on the degree of starting components' homogenization, and to 

a much lesser extent on the growth rate. 

The main optical materials characteristic is their transparency range. The spectral range of the new 

ceramics was studied on plane-parallel plates from 300 to 1000 nm thick, manufactured on a Specac 15 

ton manual hydraulic press by hot embossing. The plates corresponded to different compositions of  

AgBr – (TlBr0.46I0.54) system' solid solutions. The ceramics spectral transmission was determined using 

IR-Fourier spectrometers IRPrestige-21 (Shimadzu) operating in the spectral range 7800 – 240 cm–1 

(1.28 – 41.70 μm) with various combinations of detectors and dividers, VERTEX 80 (Bruker) with an 

expanded IR range 680 – 165 cm–1 (from 14.7 to 60.6 μm). 
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Figure 1. Transmission spectra of multicomponent heterophase ceramics based on two solid 

solutions of the AgBr – (TlBr0.46I0.54) system. 

 

The synthesized ceramics are highly transparent, flexibility, non-hygroscopicity, photo- and radiation-

resistant [2, 3], while the method for its preparation consists one step (the vertical method of directional 

crystallization), therefore it is an economical and practically waste-free process. The targeted synthesis 

of heterophase optical ceramics based on the AgBr – (TlBr0.46I0.54) system can significantly simplify and 

reduce material and time costs, in comparison with the growing crystals' process of the same system. In 

addition, due to the ceramics flexibility, it is suitable for the manufacture by hot embossing of various 

optical products [4]. 
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Abstract. We report the investigation of near-infrared (NIR) photoluminescent and structural 

properties of aerosol germanium nanoparticles, synthesized by spark discharge method followed by 

sintering in a tube furnace at different temperatures varying from 25 to 775 °C. We demonstrate a 

growth of mean primary particle size from 7 to 51 nm and change in crystal structure from 

agglomerates of germanium nanocrystals in amorphous matrix to individual pure crystal 

germanium nanoparticles with temperature increase. Pure germanium nanoparticles are prepared at 
temperatures above 600 °C and distinguished by absence of near-infrared photoluminescence. 

However, according to Raman spectroscopy the presence of amorphous germanium in the samples, 

sintering at 25 to 475 °C, leads to the luminescence intensity increase from 1100 to 1550 nm. 

1. Introduction 

Germanium nanoparticles (NPs) continue to be a subject of interest for achieving enhanced properties of 
light emitters in various quantum technologies especially for biomedical applications and optoelectronic 

devices due to its unique photoluminescent properties, in particular, the possibility of emission in wide 

range, from UV through the visible to the near-infrared (~ 1.7 mkm) [1]. The aim of our work is to study 

the size, structural properties and NIR luminescence of aerosol Ge NPs produced in a gas discharge.  

2. Materials and Methods 

Ge nanoparticles were synthesized using the aerosol spark discharge generator [2], which was 

supplemented by a tube furnace for NPs sintering at different temperatures directly in gas flow. Five 
samples were produced at various temperatures: 25, 325, 475, 625 and 775 °C. Cylindrical n-type 

germanium was used as electrodes for electrical erosion. Spark processing was performed in argon gas of 

99,9999 purity, the pressure was maintained at 1.5 bar. The frequency of the discharges and the capacitor 

voltage were 370 Hz and 1,5 kV, respectively. Aerosol NPs were collected on a cellulose filter and TEM 
copper grids with carbon film directly in the setup chamber. 

Fluorescence measurements in the IR region were performed on the Fluorolog-3 spectrofluorometer 

(Horiba Scientific) with laser excitation at 532 nm. Micro-Raman spectroscopy studies was carried out 
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with a LabRAM HR Evolution (Horiba Scientific) using the 532 nm excitation wavelength of the He-Ne 

laser (0.1mW). The particle size properties and crystal structure of the samples were analyzed with the aid 

of transmission electron microscopy (TEM) Jeol JEM 2100 (200 kV). 

3. Results and Discussion  

According to the analysis of TEM images, the mean size of primary nanoparticles increased with raising 

of sintering temperature from 6.8 ± 5.2 for 25 °C sample to 51.3 ± 31.8 nm for 775 °C, the width of the 
particle distribution by size and the proportion of large particles also increased. The particles sintered at 

temperatures from 25 to 475 °C formed agglomerates, at 775 °C individual Ge particles were observed. 

Raman spectra of germanium nanoparticles synthesized at different temperatures (Figure 1a) shows that 

for 25, 325, 475 °C samples there were two peaks at ~ (275 – 280) cm-1 and 298 cm-1, while for 625, 775 

°C samples was detected one peak at 298 cm-1. Figure 1b shows absence of near-IR luminescence for Ge 

NP, sintered at 625, 775 °C, while for 25, 325, 475 °C samples photoluminescence intensity increased 

from 1100 to 1550 nm. 

 

Figure 1(a, b). (a) Raman spectra; (b) Near-IR luminescence of Ge NPs, sintered at various temperatures.  

The Raman peak at 298 cm-1 refers to a crystalline germanium with a cubic lattice characteristic of bulk 

germanium. The presence of a wide peak with a maximum of about 275 cm-1 is associated with the 

presence of amorphous germanium in samples synthesized at low temperatures from 25 to 475 °C.  

By comparing the data of Raman spectroscopy and NIR luminescence, it can be assumed that 

luminescence occurs either in amorphous Ge or on the interface of the crystal – amorphous germanium. 
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Abstract. It has been demonstrated that thermally poled regions of silicate glasses are capable 
of blocking penetration of silver ions into the glasses in the course of ion-exchange processing. 

This allows using locally poled regions of the glass surface as thick dielectric masks in the ion 

exchange formation of optically waveguiding structures in glass substrates. This approach 

provides easy multiplication of the structures and, being based on the thermal electric field 

imprinting, allows avoiding both lithography with the use of liquid chemicals and the influence 

of metal masks potential on the flux of the ions penetrating the glass in the ion-exchange. 

1. Introduction 

Integrated optical structures based on optical glasses are presently in use as elements of fiber optics 
circuits, in integrated lasers and in sensors. A common manufacturing technique of these structures is 

based on purely thermal or electrically stimulated ion-exchange processing of glasses in the melts of 

salts containing monovalent metal ions. This process usually results in local increase of the glass 

index, and thus leads to the formation of optically waveguiding structures. Ion-exchange fabrication of 

micron-scale integrated optical schemes with channel optical waveguides in glasses requires the use of 
masks deposited onto the glass surface. Conventionally, lithography-formed dielectric or, more often, 

metal masks are in use. In general, dielectric masks look preferable, because they do not induce 

contact voltage influencing ionic fluxes in the ion-exchange, however conductive metal masks are in 
widely exploited because of technological reasons. Here we present a novel approach to dielectric 

masking of the ion-exchange, which does not require lithographic processing of glass substrates and 

allows easy multiplication of masks exceeding in thickness deposited metal or dielectric layers. The 
approach is based on thermal poling of silicate glasses with pressed profiled anodic electrodes [1]. As 

known, thermal poling results in the removal of contained in the glass metal ions from the subanodic 

region and in the restructuring of that region, which brings it closer to silica glass [2]. Recently it has 

been shown that poled regions of silicate glasses have better durability in acidic etchants and worse 
durability in standard reactive ion etching as compared to unpoled regions [3]. Such behaviour is very 

similar to the one of silica glass. In this study, we compared ion-exchange processing and optical 

characteristics of the poled and unpoled regions of a silicate glass. 

2. Experiments and results 

In the experiments, we poled soda-lime glass microscope slides (Menzel glasser) in ambient 

atmosphere with pressed profiled anode and planar cathode electrodes as reported elsewhere [4]. The 
anode presented a glassy carbon plate with the set of differently wide and 400 nm deep grooves, the 

size of the 3 mm thick anodic electrode being 2×2.5 cm
2
. The poling was performed at 300 °C DC 
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during 30 min under 300 V. This processing resulted in the thickness of the poled region ~600 nm [4]. 

As known, the index of poled soda-lime glass regions is below the one of the virgin glass by ~0.01-

0.02 [5]. Thus, the processing resulted in the strips of the virgin glass surrounded by ~600 nm thick 

flat regions of the poled glass with decreased index. To test ion-exchange properties of the fabricated 
structures we immersed them into the melt of Ag0.05Na0.95NO3 at 325 °C for 30 and 60 min for silver-

to-sodium ion-exchange.  

 

Figure 1(a, b). (a) Intensity of silver luminescence background (1500-3800 cm
-1

) and (b) depth 

profiles of the glass index increase in ion-exchanged for 30 and 60 min (duration is marked in the 
legend) poled and unpoled regions of the glass. 

To characterize masking properties of the poled regions of the glass we compared the silver 

luminescence background in the poled and unpoled regions after the ion-exchange (Fig. 1a) and found 
that the luminescence profile properly corresponds to the mask opening that is unpoled glass region, 

while the luminescence in the poled glass regions is essentially weaker. The luminescence was excited 

by 530 nm laser radiation. The depth profiles of the refractive index change (Fig. 1b) also demonstrate 
essential difference in the penetration of silver ions into the poled and virgin glass regions and in the 

increase of the glass refractive index. The refractive index profiles were deduced with Heidrich-White 

algorithm [6] from the mode spectra of optical waveguides measured using standard prism coupling 

technique. 
Thus, it is shown that thermal poling of glasses allows the formation of resistive to ion-

exchange processing dielectric masks, which can be used in easy fabrication of integrated optical 

circuits. 
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Abstract. Gratings on a glass surface with silver nanoparticles at the bottom of the gratings’ 

grooves were studied. The gratings and nanoparticles were fabricated by selective etching of 

the glass slide patterned by thermal poling and out-diffusion technique, correspondingly. 

Obtained nanostructures provided both plasmonic and grating optical resonances and 

demonstrated SERS enhancement two times higher than one of a common plasmonic structure. 

1. Introduction 

Surface-enhanced Raman scattering (SERS) spectroscopy is the analytical tool widely used in 

chemical biology and medical diagnostics to identify molecular species down to the lowest analyte 

concentrations. The SERS phenomenon is mainly attributed to strong enhancement of local electric 

field by metal nanoparticles at surface plasmon resonance wavelength. Therefore, metal 

nanostructures-based SERS substrates providing high-quality Raman signal from analytes absorbed on 

their surface are being actively developed [1]. However, additional enhancement of Raman signal can 

be achieved by using so-called biresonant nanostructures [2], which support two optical resonances 

and can enhance both exciting and inelastically scattered radiation. This study is devoted to the 

fabrication and SERS application of biresonant structures which are periodic grooves (gratings) on a 

glass surface with silver nanoparticles at their bottom.  

2. Experiments 

We used the four-step technique of soda-lime glass modification described in detail in our previous 

work [3] to fabricate the metal-dielectric nanostructures. Firstly, the glass slides were enriched with 

silver ions by silver-to-sodium ion-exchange. Then we thermally poled the samples at 300V and 

300°C for 5 min using an anodic electrode with grooves to form accordant silica-like pattern in the 

subsurface region of the glass. The pattern was acid resistant, and the following etching for 10 min in 

0.1wt.%HF-11.1wt.%NH4F-88.8wt.%H2О solution resulted in the formation of a grating relief on the 

glass surface. The last step was annealing in H2 atmosphere at 400°C for 10 min. Hydrogen reduced 

the silver ions, and silver nanoparticles were formed via out-diffusion process, partly in the glass bulk, 
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but mainly at the bottom of the grooves. The optical studies of the prepared nanostructures were 

performed using the normally incident light polarized parallel and perpendicular to the grating 

grooves. SERS efficiency of the nanostructures was evaluated using the test analyte, BPE (1,2-Di(4-

pyridyl)ethylene 97%), under excitation at 532 nm laser wavelength. The droplet of the analyte was 

dried on the surface of the nanostructures forming thin layer of molecules with surface concentration 

∼10 nmol/mm2. 

3. Results and discussion 

According to the modelling [4], the highest enhancement of Raman BPE band at 1640 cm-1 by a 

biresonant metal-dielectric structure should be provided by the structure with the grating period 

P=510 nm and the silver nanoparticles’ radius R=50 nm. Used electrode and the fabrication mode 

allowed us to obtain the sample with P=590±20 nm and average nanoparticles radius R=35±3 nm. One 

can see two peaks in the extinction spectrum of the sample in Fig. 1(a). The spectrum is the difference 

of the spectra collected under the sample illumination with light polarized perpendicular to the grating 

grooves and parallel to the grooves. The two peaks correspond to two optical resonances: the peak at 

496 nm corresponds to the surface plasmon resonance of the silver nanoparticles on the glass surface 

(at the bottom of the grooves), while one at 618 nm is attributed to the grating resonance [5]. The 

comparison of two SERS spectra of BPE measured under excitation by perpendicular and parallel 

polarized laser radiation in Fig. 1(b) shows that signal-to-noise ratio is higher for the perpendicular 

polarization, and the integral Raman intensity is 2 times higher. Thus, nanostructures under discussion, 

which provides both plasmonic and grating optical resonances, are two times more efficient for SERS 

applications than a similar one-resonance plasmonic system. 

 

 
 

Figure 1. (a) Optical extinction spectrum of the biresonant metal-dielectric nanostructure. (b) SERS 

spectra collected using light polarized parallel (blue line) and perpendicular (red line) to the grating 

grooves, excitation wavelength is 532 nm. Inset: scheme of electric field orientation relative to grating. 
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Abstract. The features of nucleation, start, and propagation of a crack inside a transparent 

organic sample are investigated. The distribution of the refractive index and density around the 

crack was studied by changing of speckle images and ellipsometry method. It was found that 

the maximum value of the relative change in density is near the crack. This value before the 

crack start is greater than 0.003.  It is proved that the speckle method we offer can be the basis 

for the creation of various techniques. Using these techniques will allow us to estimate the time 

before the crack start by the rate of change of physical quantities in small areas of the order of 

50 μm and their limiting values. The results of experimental investigations are presented 

1. Introduction 

The fatigue of the material is the dominant factor in the destruction for organic glasses with a large 

cyclic load [1, 2]. At present, there are not the adequate physical models for the fatigue fracture of 

organic glasses. For this reason, the simple and reliable methods that unambiguously were interpreting 

the results of fatigue damage processes investigations inside organic glasses are not developed [1, 2]. 

The active use of speckle images for the investigations of surface defects in the form of cracks, as well 

as their application for other tasks [3], allowed us to propose a new technique for detecting and 

research the expansion of cracks inside glasses. 

2. Experimental setup and research method  

In fig. 1 shows an experimental setup for studying internal fatigue fracture cracks. 

 

 
Figure 1. Block diagram of experimental setup for registering a speckle structure: 1-semiconductor 

laser; 2-polarizer; 3- lens; 4 - glass with crack; 5 - lens of tv camera; 6- photosensitive elements of tv 

camera CCD matrix; 7- processing device. 
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The speckle pattern was recorded in the image plane of the sample. To ensure a high degree of 

contrast when recording speckles, the diameter of the aperture of the lens of the camera 5 was set so 

that the minimum size of the speckles was slightly larger than the pixel size of the CCD of the camera 

matrix. 

3. Result of experimental investigations  

In fig. 2 shows the speckle images in the transmitted scattered laser radiation in the presence of a crack 

inside the organic glass. 

 

 
  

Figure 2. The speckle image from the scattered laser radiation passing through the glass with an 

internal crack: (a) before the cyclic load, (b) after it. 

 

    In fig. 2.b an increase in crack after loading is observed. In the direction of the crack growth, 

intensified darkening of speckle images is observed. This blackout is less intensely present in fig. 2.a. 

with a pronounced direction. In case are detected of speckles in reflected scattered laser radiation from 

a crack, dimming is also present. The contrast of his image will be much less (more than an order of 

magnitude). 

3. Conclusion 

The obtained results showed that used the analysis data of speckle images it possible to determine the 

crack start time with high probability. The method we developed using speckle images in spatial 

resolution (less than 40 nm) and sensitivity significantly exceeds the traditional coherent-optical 

measurement and control methods used. This is due to the fact that already in the early stages of 

fatigue, as a result of the breaking of atomic bonds, disc-shaped defects with diameters of tens of 

nanometers are formed in organic glass. 

The obtained data in during the experiments are extremely useful for creating new methods that 

allow one to determine the time before the crack start with multi-cycle fatigue of transparent dielectric 

materials. 
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Abstract. We investigated the change in the type of focal spot when laser radiation passed 

through the diffraction axicon and the optical element matched with the circular Airy 

distribution having abrupt focusing properties. Modelling of near zone diffraction is 

numerically investigated by the finite difference time domain (FDTD) method. The abrupt 

formation of a light needle was shown for the optical element matched with the circular Airy 

distribution. 

1. Introduction 

The formation of light fields with a given structure of amplitude, phase, and polarization (the so-called 

structured light) is currently necessary to solve many pressing problems in various fields - optical 

manipulation [1-3], imaging optics [4], optical and quantum communications [5, 6] and other 

applications [7]. To form such structured fields, elements of diffraction optics, photonic crystals, and 

all kinds of metamaterials and metasurfaces are widely used. 

One of the main driving forces of technological change in the XXI century became a miniaturization 

of technical systems and devices, a tendency to the development of information, sensor components, 

combined on the basis of nano-and microsystem technology. The development of such a technique has 

led to the need for the development and development of elements of nano- and micrometer sizes that 

could be used to control light at appropriate scales. The possibility of manufacturing microaxicons [8, 

9] expanded the range of application of axicons and allowed them to occupy an important place in 

micro- and nanooptics [10-12]. Another interesting type of a laser distribution is the Airy circular 

beam which have the property of sharp autofocusing [13, 14] which is also in demand in many 

applications. 

We compared the focusing of super Gauss through the diffraction axicon and the optical element 

matched with the circular Airy distribution. The FDTD method using high-performance computations 

is applies to numerically simulate the diffraction of the laser radiation [15] with using the Meep 

software package. Calculations were made on the computational cluster with power of 850 GFlops. 

2. Investigation of focusing short pulses 

Simulation parameters: the wavelength  = 0.532 microns, the size of the computational domain x, y, z 

 [–3.8; 3.8]. The thickness of the absorbing layer PML ~ 1.3the sampling step of space – /21, 
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the sampling step of time – /(42c), where c is the velocity of light. The Super-Gauss with circular 

polarization was considered as the input laser radiation. The refractive index of the axicon and the 

optical element matched with the circular Airy distribution are n = 1.5. The numerical aperture (NA) 

of the focusing binary axicon was 0.95. The results of numerical simulation in the xz plane and input 

beam are shown in figure 1. 

It should be noted that the focusing of laser radiation for the axicon occurs in the immediate vicinity of 

the optical element. The formation of a strong light needle is observed for an optical element with a 

radial Airy function 

   

Figure 1. The longitudinal cross section (xz) of propagation laser radiation: (a) the input beam, (b) laser 

propagation through the axicon, (c) laser propagation through the optical element matched with the circular 

Airy distribution. 

3. Conclusion 

 

The formation of the Super-Gauss radiation with circular polarization passed through the diffraction 

axicon and the optical element matched with the circular Airy distribution were investigated. It should 

be noted the abrupt formation of strong light needle was shown for the Airy-matched optical element.  
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Abstract. Photoreflectance spectroscopy was used to study the energy spectra of natural 

molybdenum disulfide samples at various temperatures. The observed spectral features imply a 

transition from the H-point of the Brillouin zone, in addition to the generally accepted K-point. 

The H-exciton binding energy obtained from our experiments is 77 meV, which is consistent 

with the available theoretical data. 

1. Introduction 

Molybdenum disulfide is a layered semiconductor compound with strong covalent bonds within the 

plane, and weak van-der-Waals bonds between the tetralayers. Today MoS2 is one of the most studied 

graphene-like materials, however it did not lose its relevance for research [1]. It is also a good model 

object, which can be used for refinement of the experimental techniques intended for further 

characterization of less studied layered semiconductors. In this work, we apply the photoreflectance 

(PR) spectroscopy method to probe the weak features of MoS2 band structure. 

2. Experiments 

The current study has been conducted on natural MoS2 crystals obtained from “2D Semiconductors” 

(USA). PR spectroscopy is an optical method that provides information about the main transitions in the 

energy spectrum of a semiconductor material. Typically, the PR spectra consist of derivative-like 

features, from which the values of the transition energies can be obtained using the transformation 

method described by Hosea in [2]. An example of the measured photoreflectance spectra of MoS2, as 

well as the result of its transformation, are shown in Fig. 1 (a, b). A total of seven spectral features have 

been observed in each of the PR measurements at various temperatures.  

To interpret the transitions observed in the PR spectra, we have considered two approaches, 

described in refs. [3] and [4]. Both hypotheses identify E1 as the first ground state exciton (A1) at the K-

point of the Brillouin zone [5]. This state has a spin-orbit split valence band, which is also exhibited in 

the spectrum (the E6 peak in Fig. 1b). However, the two hypotheses considered provide a different 

interpretation of the remaining extrema.  

According to the first model [3], features with energies from E2 to E4 relate to the excited states 

of the K-exciton. The exciton energy levels were estimated according to the well-known expression: 

An= Eg – R/n2. Therefore, it is possible to obtain the effective Rydberg (R) value, which in this case 

turns out to be 56 meV. In addition, we obtained the band gap (Eg= 1.986 eV) from this expression and 

then substituted it to calculate the energies of the excited states series (An). The obtained values are the 

following: A1= 1.930 eV, A2= 1.972 eV, A3= 1.980 eV, and A4= 1.982 eV. This is sufficient to describe 

four of the observed extremes, but not the last one, the E5 energy peak. Its remoteness from the E4 feature 
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suggests that the E5 maximum does not apply to the excited states of the K-exciton and the nature of its 

appearance is different. 

The other model, which has been put forward by Saigal and Ghosh [4], is able to explain the 

existence of the E5 feature. The authors describe the E2 energy peak as the exciton ground state transition, 

but at the H-point of the Brillouin zone instead of the K-point. Our observed difference between the 

transition energies at K- and H-points of the valence band is equal to 42 meV, whereas the spin-orbit 

splitting is 209 and 191 meV for K- and H-points, respectively. The obtained values are close to the data 

that was published in [4], but the E5 peak was not resolved in their spectra. We assume that this peak 

corresponds to the first excited state of the H-point exciton. This makes it possible to obtain the exciton 

binding energy from the PR spectrum, which is found to be 77 meV. In the work [6], the authors 

estimated that the exciton binding energy should be 84 ± 8 meV from the absorption spectrum 

simulation. It can be seen that our experimental result falls within the predicted range. Therefore, we 

can confirm the existence of an H-point transition, and conclude that E2 is indeed the exciton ground 

state at the H-point, while the observed E5 peak corresponds to its first excited state.  

3. Conclusions 

As a result, we were able to describe the E5 feature in the PR spectrum of MoS2 for the first time, which 

is the excited level of the exciton ground state (E2). Its presence in the PR spectrum confirms an existence 

of an optical transition at the H-point of the Brillouin zone. This fact enabled us to experimentally 

determine the exciton binding energy, which turned out to be 77 meV. The obtained value is in good 

agreement with the theoretically predicted range. 
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Abstract. The necessity of developing a mathematical model for converting the recorded NMR 
signal using a modulation technique into the spectrum for conducting the composition of the 
medium under study is substantiated. A mathematical model has been developed to represent the 
NMR signal in the form of a spectrum, taking into account the features of its registration from 
condensed matter. Spectra of calculated and experimental NMR signals are presented. Their 
comparison is completed.. 

1. Introduction 
In recent years, the need to use rapid control methods to determine the state of a condensed medium has 
been constantly increasing [1, 2]. The most promising among the developed devices for express control 
are considered devices in which the phenomenon of nuclear magnetic resonance (NMR) is used. 
Measurements using NMR do not introduce changes in the physical structure and chemical composition 
of the test medium [3]. This allows you to receive confirmation of the detected deviations in the studied 
samples in stationary laboratories on high-resolution devices [3] 

The experimental studies made it possible to establish that during express control, the NMR signal 
from the condensed matter is most expediently recorded using a modulation technique in a weak magnetic 
field. Other methods for registering an NMR signal do not provide the necessary measurement error. Our 
experimental results of the study of various condensed matter showed that the previously proposed 
method in [3] for determining the composition of the matter has several disadvantages. These deficiencies 
degrade accuracy and increase measurement time. Therefore, we developed a new technique for 
determining the composition of a condensed matter using a registered NMR signal during express control 
of its state. 

2. The technique of constructing a spectrum of NMR signals and comparing the calculation results 
with experiment.   
When using a modulation technique to record an NMR signal, its shape is a superposition of absorption 
and dispersion signals. If the medium contains several media that did not enter into a chemical reaction 
(for example, gasolines, oil, and kerosene), the recorded signal is the sum of all absorption and dispersion 
signals from each of the components of the medium under study. In [3], a method was proposed for 
describing the line shape of the recorded NMR signal using the calculated absorption and dispersion 
signals that correspond to the experiment. The absorption and dispersion signals were obtained by 
numerically solving the Bloch equations. The phase in constructing the line shape was selected 
empirically. With a large number of components in the mixture, this created a number of problems. To 
solve them, we propose to use a spectral analysis of experimental and calculated NMR signals. Compare 
the spectra of the experimental signal with the spectra of the calculated absorption and dispersion signals. 
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Studies have shown that to construct the spectra of NMR signals it is most appropriate to use the discrete 
Fourier transform, since these signals cannot be described by any periodic function:  
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In relation (2), the operation in brackets [N / 2 -1] means rounding to the nearest smallest integer. 

Accordingly, the amplitude spectrum ( ) kS f y – is the modulus of the one-sided complex spectrum, 

phase spectrum P( f ) = arg yk - is its argument, where f = k Δf.  
     In fig. 1 as an example, the phase spectra of the experimental NMR signal recorded from a water 

sample and the spectra from the calculated absorption and dispersion signals are presented. 
 

 
 

Fig. 1 Phase spectra of NMR signals: (a) experimental; (b) absorption; (c) dispersion. 
 

Analysis of the results in Fig. 1 shows that the nature of the change in harmonics in the spectra from 
the calculated signals corresponds to the nature of the change in harmonics in the experimental spectrum. 
This allows, when choosing the coefficients that determine the contributions of the absorption and 
dispersion signals to the recorded signal, to obtain a match in the amplitude of the harmonics in the 
spectra. 

3. Conclusion 
 The results obtained confirmed the possibility of determining, using spectral analysis, the contributions 
of absorption and dispersion signals to the recorded NMR signal. This allows, using spectral analysis, 
also to describe the experimental signal for the matter with weight coefficients for each of the 
components and to calculate the composition of the components in the mixture and their concentration. 
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Abstract. Porous graphene film structures were produced by irradiation of polyimide film with 
focused continuous wave CO2 laser. Generation of nanosecond pulses of photocurrent was 
observed in the obtained structures upon excitation by nanosecond laser pulses in a wide range 
of wavelengths. It is shown that the photocurrent linearly increases with pulsed laser power and 
its dependence on the angle of light incidence on the film is symmetric about the origin. 
Wavelength dependence of light-to-photocurrent conversion coefficient was measured. The 
obtained results are explained by photon drag effect photocurrent generation.  

1. Introduction 
Recently, it was shown in article [1] that it is possible to produce porous graphene (3D graphene), 
called laser-induced graphene (LIG), using decomposition of a polymer film using pulsed irradiation 
by CO2 laser. LIG have various perspective applications [2] (microsupercapacitors, various sensors, 
electrocatalysts and microfluidic systems). Meanwhile, it is known that photon drag effect (PDE) [3] 
photocurrent with dependence on the angle of film incidence can be observed in graphene and 
nanographite films [4,5].The purpose of this work is to investigate PDE in LIG, obtained on the 
surface of polyimide (PI) film using continuous wave CO2 laser.  
 

2. Experimental 
In our experiments, commercial PI films with thicknesses of 40, 80, 120 m and a CO2 laser at a 
wavelength of 10.6 m, generating continuous wave radiation with a power of up to 50 W, were used 
to synthesize LIG. The LIG was formed during scanning by a focused laser beam. The LIG in the 
obtained films was identified using a Raman spectrometer Horiba HR800 with excitation radiation at a 
wavelength of 632.8 nm. The morphology of the obtained films was studied using a scanning electron 
microscope. 
To study the generation of photocurrent, the obtained films were placed on a special goniometric 
device, which is capable of performing smooth changes of the angle of incidence of light  on the 
film. Measuring electrodes were attached to the film along the short sides. The first, second, third, and 
fourth harmonics of a single-mode YAG:Nd3+  laser with passive Q-switching at wavelengths  = 
1064, 532, 354.7, and 266 nm, respectively, were used.  
The experiments have shown that photocurrent pulses with nanosecond duration are generated in the 
synthesized film structures under irradiation with obliquely incident nanosecond laser pulses. Upper 
insert in fig.3 shows the linear dependence of the ix transverse photocurrent on the pulsed power Pin of 
a laser at a wavelength of 1064 nm. The linear dependence of ix on Pin is retained upon excitation of 
the photocurrent by radiation at 532, 354.7, and 266 nm. Figure 3 shows the dependence of conversion 
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efficiency ɳ on the angle of incidence  at a wavelength of 1064 nm for p- and s-polarizations of the 
incident radiation.  
The bottom left inset in fig. 3 shows the experimentally obtained dependence of ɳ (= 45°) on the 
wavelength  of the exciting laser. The nature of the obtained dependence ɳ()  indicates the 
possibility of using LIG to detect laser radiation pulses in a wide spectral range. The photocurrent can 
be explained by PDE as the aforementioned dependences are characteristic of photon drag effect. 

3. Conclusions 
 Porous graphene film structure can be formed on polyimide films using continuous wave CO2 laser at 
wavelength of 10.6 m with power density of 8 W/cm2 and scanning speed of 255 mm/s. Nanosecond 
laser irradiation of laser-induced graphene at a wavelength range of 266 - 1064 nm leads to photon 
drag effect photocurrent generation. Laser-induced graphene can be used to manufacture fast reacting 
photodetectors working in a wide spectral range. 
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Figure 1. Dependence of the laser-to-photocurrent conversion efficiency ɳ on the incidence angle 
α at the wavelength of 1064 nm at p- and s-polarizations of the laser beam irradiating LIG. Upper 
inset: dependence of LIG photocurrent on the power of p-polarized laser radiation at wavelength 
of 1064 nm and incidence angle of 45°. Lower inset: dependence of the laser-to-photocurrent 
conversion efficiency ɳ in LIG on wavelength of laser radiation at incidence angle of 45°. 
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Abstract. Considerable growth in data exchange leads to enhanced requirements for 

computing, storage and transmitting devices. Promising solutions to this challenge can be 

found in the use of phase-change materials. This paper is devoted to evaluating the operating 

speed of a non-volatile storage element with optical recording and readout. The evaluation 

shows that it is possible to reduce the operating cycle time of the device and thus improve its 

performance. 

1. Introduction 

Today there is a great demand for high-speed devices in various areas. The requirements for devices 

are increasing with the volume of data being transmitted. However, common solutions to this problem 

by the microelectronics methods are reaching a physical limit. Therefore, some major corporations, 

such as IBM, Intel, and Fujitsu, are applying photonic technologies in integrated circuits. The validity 

of this approach is confirmed by several works in scientific periodicals [1, 2]. Another way to improve 

device speed is by applying non-volatile storage devices [3, 4] and the neural architecture [5]. This 

paper presents a theoretical and numerical estimation of an optical non-volatile storage element 

performance. The logical state of the structure is stored in the thin Ge2Sb2Te5 (GST) layer which is 

located on a Si strip waveguide. Different optical transmittance of the GST layer in the amorphous and 

crystalline states corresponds to “1” and “0” in binary notation. Recording, readout and erasing 

operations of the storage element are performed by laser pulses with different energy and duration. 

  

Figure 1(a, b). Temperature dependence during (a) the recording operation; (b) the erasing operation 
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2. Device simulation and discussion 

An analytical model of GST crystallization kinetics [6] was chosen to describe phase transitions. The 

model provides a dependence of a crystalline phase growth on temperature and time. It’s worth 

mentioning that the phase transition time has an extremum in the temperature range near the GST 

melting point. In practice, many different factors affect the duration of switching between GST phase 

states. Respectively, the total time interval depends on the guided light power, the absorption 

coefficient of the specific GST layer, heat transfer in solid media, the cooling rate and phase transition 

time described in [6]. Complex numerical calculations that consider all these factors have shown that 

there is an optimal regime of laser irradiation (Fig. 1). The regime provides an opportunity to achieve 

a significant increase in performance compared to similar devices [7, 8] because of two facts. Firstly, 

short high-power laser pulses provide a shorter time to reach a suitable temperature regime. The 

second fact is the correct choice of temperature conditions for the crystallization process exponentially 

shortens its duration. Thus, the duration of the recording/erasing cycle in the first approximation is 100 

ns for the device in question. 

3. Conclusion 

This work represents a comprehensive theoretical and numerical analysis of the operating speed of the 

optical non-volatile storage element. The calculations show that it is possible to reduce the erasing 

time of the storage element by providing the optimal operating regime based on the use of the GST 

crystallization rate extremum. 
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Abstract. In this work results of a theoretical analysis of the nanocomposite structures optical 

parameters is presented. The variable parameters are: shape of nanoinclusions, matrix width 

and angle of incident radiation. In this work quasiperiodic nanocomposite structures consisting 

of a matrix of titanium dioxide and gold nanoparticles hemisphere were simulated. A spectral 

analysis of these structures showed the nonlinear nature of the change in the absorption and 

reflection peaks from the nanoparticles shape.  

1. Introduction 

A steady interest in the optical properties of complex structures has been observed for more than 35 

years [1]. The nanocomposite structures in which excitation of surface plasmon polaritons (SPPs) is 

possible are widely studied [2]. Moreover, a significant local increase in the fields can be observed 

depending on the shape and size of the nanoinclusions [3]. Due to the quasiperiodic arrangement of 

nanoparticles, surface plasmon polaritons are excited in the nanocomposite layer. This effect affects 

the passage of light through the structure. Both a significant increase in the transmitted light flux and 

its decrease are possible depending on the relative position of the nanoparticles. This allows to design 

both passive [4,5,6] and active optical elements [7-9]. So, in addition to studying fundamental optical 

properties, research are under way to create a highly efficient optoelectric systems, including MEMS 

[10, 11]. The introduction of SPP-based optical elements will significantly reduce the size of 

integrated circuits and increase their efficiency [12]. 

One of the first steps in the manufacture of optoelectronic components of integrated circuits is the 

modeling of their optical and electrical characteristics. This is important in terms of creating 

nanocomposite quasiperiodic structures, since it is possible to evaluate the effect of the parameters of 

the matrix and nano inclusions. 

2. Results 

In this work, the optical characteristics of nanocomposite structures consisting of a matrix of titanium 

dioxide containing gold hemispheres (Fig. 1a) were simulated. A detailed technology for the formation 

of such structures is given in [13].The aim of the work was to determine the influence of the geometric 

parameters of the structure on its optical characteristics. Spectral optical characteristics were obtained 

for nanocomposite structures with a diameter of gold nanoparticles from 5 nm to 100 nm. The 

obtained simulation results are consistent with published experimental data for particles with a 

diameter of 10–20 nm [14]. The results show that increasing the diameter of the hemispheres leads to a 

nonlinear character of the shift of the absorption and reflection peaks (Fig. 1b).  
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Figure 1(a, b). (a) Schematic of cross section of TiO2 / GNP nanocomposite (diameter GND 

20 nm; (b) Absorption topography in space wavelength /diameter GNP. 
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Abstract. We optimized NbN films on a Si substrate with a buffer SiO2 layer to produce 

superconducting microstrip single photon detectors (SMSPD) with saturated dependence of 

quantum efficiency (QE). We varied thickness of films and observed the maximum QE 

saturation for device based on the thinner film with the lowest ratio Rs 300/Rs 20. 

1. Introduction 

In [1] the first time new type of single photon detectors that based on the effect of appearance 

resistance area in the superconducting nanowire after photon absorption was demonstrated. This 

detector was named superconducting single photon detector (SSPD). Typically SSPD produced as a 

stripe about 100 nm wide patterned on the meander, covering the aria about 250 µm to well couple 

with single mood fiber. Today they are used in many science applications. The further enlargement of 

its application sphere requests increase of SSPD sensitive area to the value comparable to multimode 

fiber core. But increase of nanowire length leads to increase of kinetic inductance and as circumstance 

to reduction of count rate, increase of jitter and significant technology process complication. In [2] it 

was theoretically predicted ability to detect single photon by wide (till 100 µm) superconducting stripe 

in the case when the film used for detector fabrication let through the current close to depairing current 

(Idep). In [3] was demonstrated the first SMSPD. SMSPD get opportunity to produce detectors with 

large work area. The goal of this work is investigation of film characteristics to produce SMSPD with 

saturated QE. QE saturation means 100% internal QE of devise. 

2. Methods and experimental results  

To choose the best film for superconducting microstripe single photon detector (SMSPD) we produced 

a set of NbN films with different thicknesses. We used Si substrate with an additional SiO2 layer as 

/4 optical cavity. The films were deposited by DC reactive magnetron sputtering of Nb target in 

nitrogen atmosphere. The partial pressure of N2 and the temperature of substrate were constant at all 

processes. We only changed the deposition time, so we got films with thicknesses h ranging from 3.5 

nm to 6.4 nm. We estimated thickness value by multiplying deposition rate and time of deposition. In 

order to obtain superconducting transition temperature (Tc) and residual-resistance ratio (Rs 300/ Rs 20) 

we measured the temperature dependences of resistance for each film (figure 1(a)). The main 

parameters of the films are summarized in table 1. 
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Table 1. Main parameters of studied films. 

 h, nm Rs 300, 

Ω/□  

Rs 300/Rs 20 Tc, K 

2314 7.28 407 0.59 9.88 

2362 6.44 614 0.68 9.15 

2347 5.39 753 0.57 8.01 

2316 3.5 1027 0.61 6.85 

For each film we fabricated the set of 1-m-wide and 10-m-long straight strips. We used our 

standard technology based on electron beam lithography and reactive ion etching [3]. Then we 

measured critical current (Ic) for all strips. For each film we chose one strip with the biggest Ic and 

measured it’s QE at 1.7K (figure 2(b)). The Ic and QE measurements technique was described in detail 

in [3]. In figure 2(b) there is no QE dependence for strip based on film 2316, because we did not 

observe photo response for this devise at all.  
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Figure 2(a, b). (a) The experimental dependence of resistance R on temperature T for NbN films; (b) 

Normalized QE as a function of relative bias current. 

Having analyzed QE dependence we done following conclusions: (1) The best film is 2347 with the 

lowest value of Rs 300/Rs 20. This result is well agreed with [4]. (2) We did not reach QE saturation even 

for dives based on the best film. In our future work we will change other parameters of film deposition 

(concentration of N2, temperature of substrate). (3) The worse devise have the biggest ratio Ib/Idep. This 

fact can be explained by using one diffusion coefficient (0.4 cm
2
/s) for Idep calculation for all devises. 

In future, we will measure diffusion coefficient for each devise and recalculate Ib/Idep. 

 

This work is supported by the Russian Foundation for Basic Research grant No. 18-29-20100. 

References 

[1] Goltsman G, at all 2001 Appl. Phys. Lett. 79 705 

[2] Vodolazov D 2017 Phys. Rev. Applied 7 034014 

[3] Korneeva Yu, Vodolazov D, Semenov A, Florya I, Simonov N, Baeva E, Korneev A, Goltsman G, 

Klapwijk T 2018 Physical Review Applied 9(6) 064037 

[4] Smirnov K, Divochiy A, Vakhtomin Yu, Morozov P, Zolotov Ph, Antipov A, Seleznev V 2018 

UK Supercond. Sci. Technol. 31 035011 

321



Study of microheater’s phase modulation for on-chip
Kennedy receiver

I O Venediktov1, M S Elezov1, A I Prokhodtsov1,2, V V Kovalyuk1,3, P P An1,3,
A D Golikov1, M L Shcherbatenko1, D V Sych1,4,5, G N Goltsman1,2
1Department of Physics, Moscow State Pedagogical University, 119992, Russia
2National Research University Higher School of Economics, Moscow, 101000, Russia
3Zavoisky Physical Technical Institute of the Russian Academy of Sciences, 420029,
Russia
4P.N.Lebedev Physical Institute, Russian Academy of Sciences, Moscow, 119333,
Russia
5JCS “QRate”, Skolkovo, Moscow 143025, Russia

Abstract. In this work we describe phase modulators for several Mach-Zehnder
interferometers (MZI) on silicon nitride platform for telecomm wavelength (1550 nm). We
obtained IV and phase-voltage curves for these modulators. These MZI are needed for
Kennedy receiver, which used to distinguish coherent states of light of small intensity, which is
the main purpose of the work in the future. Thermo-optical (TO) modulation is ensured by
microheaters on one of the arms MZI, which give us that refractive index of the material is
changing with temperature. This approach allows you to apply the necessary voltage to the
gold microheaters to see the phase change. For the on-chip microheaters we demonstrate the
dependence of the phase shift on the applied voltage of our on-chip microheaters.

1. Introduction
Mach-Zehnder interferometers with microheater phase modulators are main parts in the realization of
Kennedy receiver, which is used to distinguish coherent states of single photons [1] or discrimination
between two phase-modulated coherent states [2]. The main task of a receiver is to make some
measurement of the signal and find out the actual binary signal state. The main idea of any quantum
receiver is to produce some scaling of the signal to determine its ground state. Also, such receivers
were demonstrated in free space and in fiber optics [3]. On-chip realization allows us to has
advantages like small footprint, which leads to higher stability of device, including temperature
fluctuations along the surface, and also it has shorter waveguides which leads to less phase
fluctuations. As a waveguide material we used silicon nitride (Si3N4) platform, which combines low
optical absorption in the infrared (IR) and good mechanical properties [4]. For phase modulation we
used thermo-optical (TO) effect, due to dependence of refractive index on temperature. This change
of refractive index leads to difference of optical paths in different arms of interferometer, which give
us a phase shift between them. For operating Kennedy receiver we need from 0 to 180 degrees phase
shift.

2. Device design and fabrication
We used several stages of nanophotonic fabrication processing on commercially available Si wafers
with a 450 nm Si3N4 waveguiding and 2600 nm SiO2 cladding layers. At the first stage, using electron-
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beam (e-beam) lithography and dry etching in CHF3 atmosphere, we fabricated waveguiding scheme,
consisting of several Mach-Zehnder’s interferometers and focusing grating couplers for input/output
light from a chip. At the second stage, e-beam deposition of 1μm thick SiO2 on the top waveguide
layer was made. Finally, we used laser lithography to form Ti/Au -contact pads and microheaters by
standard lift-off technique in acetone. Figure 1 shows an optical image of a fabricated device. There
are 5 phase modulators (PM), electrical contacts for applying voltage, optical input (port 1) and
outputs (ports 2 and 3).

3. Experimental results
Using the tunable voltage source applied on the each heater separately we measure the optical
transmission on the 1596 nm wavelength (from port 1 to port 2). The obtained phase-voltage
dependence for one of the microheater (1) is shown in figure 1. From the graph it can be seen that
maximum voltage before burnout is 8V, and that full phase shift for 180 degrees corresponds to
voltage change 3V.

4. Conclusion
We fabricated on-chip Kennedy receiver scheme, consisting of several MZIs with microheaters and
focusing grating couplers on silicon nitride platform. We studied phase-voltage curves, which
demonstrates, that phase changes from 0 to 180 degrees, which is enough for Kennedy receiver. Our
results have a great potential for fabrication on-chip Kennedy receiver.

5. Acknowledgments
We acknowledge support of the Russian Science Foundation grant No. 19-72-10156 (waveguide
fabrication), grant No. 16-12-00045 (experimental study).

References
[1] R. S. Kennedy 1973 "A Near-Optimum Receiver for the Binary Coherent State Quantum
Channel."MIT Research Laboratory of Electronics Quarterly Progress Report 108: 219-225
[2] M.L. Shcherbatenko, M.S. Elezov, D.V.Sych, G.N. Goltsman - “Sub-shot-noise-limited fiber-optic
quantum receiver” 2020 Phys Rev A 101
[3] Mikhail Elezov, Mikhail Scherbatenko, Denis Sych, Gregory Goltsman - “Towards the fiber-optic
Kennedy quantum receiver” 2019 EPJ Web of Conferences 220, 03011
[4] A P Ovvyan, N Gruhler, S Ferrari and W H P Pernice 2016 J. Opt. 18

Figure 1 (a,b); (a) optical image of fabricated device, (b) phase-voltage dependence;

323



Silicon nitride Mach-Zehnder interferometer for on-

chip quantum random number generation 

 
A Prokhodtsov1,2, V Kovalyuk2,3, P An2,3, A Golikov2,4, 

R Shakhovoy5,6, V Sharoglazova5,6, A Udaltsov5,6, Y Kurochkin5,6,7, 

G Goltsman1,2,3 
1National Research University Higher School of Economics, Moscow 101000, Russia 
2Department of Physics, Moscow State Pedagogical University, 119992, Russia 
3Zavoisky Physical-Technical Institute of the Russian Academy of Sciences, 

420029, Russia 
4Moscow Institute of Physics and Technology (State University), 141700, Russia 
5Russian Quantum Center, 45 Skolkovskoye shosse, Moscow, Russia 
6QRate, 100 Novaya str., Skolkovo, Russia 
7NTI Center for Quantum Communications, National University of Science and 

Technology MISiS, 4 Leninsky prospekt, Moscow, Russia 

 
Abstract. In this work, we experimentally studied silicon nitride Mach-Zehnder interferometer 

(MZI) with two directional couplers and 400 ps optical delay line for telecom wavelength 

1550 nm. We achieved the extinction ratio in a range of 0.76-13.86 dB and system coupling 

losses of 28-44 dB, depending on the parameters of directional couplers. The developed 

interferometer is promising for the use in a compact random number generator for the needs of 

fully integrated quantum cryptography system, where compact design as well as high generation 

speed are needed. 

 

1. Introduction 

Quantum random number generator (QRNG) is an essential ingredient for quantum key distribution (QKD) 

systems. There have been demonstrated a number of optical QRNGs based on various quantum effects, including 

phase fluctuation in a laser diode [1,2], photon-pair interference [3], spontaneous Raman scattering [4]. 

Among all of these schemes, the QRNGs based on laser phase fluctuations could provide the highest 

generation rates, up 68 Gbps. To date, most of the QRNGs were implemented in free space or using 

optical fiber and suffer from limitations due to their size and stability, which strongly limits their practical 

use. To reduce physical dimensions, such generators have been demonstrated on various substrates like 

silicon-on-insulator (SOI) [5], indium phosphide (InP) [6], lithium niobate (LN) [7]. Different platforms 

have pros and cons, for example LN provides increased generation speed but the relatively large 

waveguide of LN can limit the dimensions of the on-chip integration, SOI suffers from the two-photon 

absorption, while InP suffers from large optical losses. Here we used silicon nitride (Si3N4) platform 

which combines low optical absorption in the infrared (IR) and good mechanical properties [8] for the 

fabrication and study of the main element of QRNG is Mach-Zehnder interferometer (MZI) with delay 

line in one of the arm. 

 

2. Device design and fabrication  

In order to fabricate an MZI interferometer with a delay line of 400 ps in one of the arms, the delay lines 

were studied separately [9]. For a half etched rib waveguide cross section of 0.45×1µm we founded the 

group index of ng = 2.037 @ λ = 1.55 µm, which corresponds of 5.8635 cm long delay line [10]. The 

commercially available wafers on a silicon (Si) substrate with a thickness of 450 µm had 2.6 µm silicon 

buried oxide (SiO2) and 450 nm silicon nitride (Si3N4) layer atop. For fabrication process, we use one step 

of e-beam lithography and dry reactive-ion-etching (RIE) in CHF3-Ar mixture. Figure 1(a) shows an 

optical micro-photo of a MZI with spiral delay line two focusing grating couplers for input/output light, 

two directional couplers with equal parameters (interaction length and gap) and one short arm. 

 

3. Experimental setup and results  
For MZI experimental study with two different parameters of directional couplers we characterize the 

transmission of MZI in the wavelength range of 1510-1620 nm. The transmitted power was measured by 

a low-noise photodetector and recorded by Ni-DAQ system. Figure 1(b) shows the measured MZI 324



transmission spectra for the one of the fabricated device with directional couplers parameters equal to gap 

= 1.65 µm, interactional length =110 µm. ER was calculated as the ratio of the maximum (Tmax) to the 

minimum (Tmin) of optical transmittance (Fig.1c). 

 
Figure 1. (a-c). (a) Optical micrograph of the MZI with spiral delay line; (b) The measured transmission 

spectra of MZI together with focusing grating couplers; (c) Enlarged transmission spectrum of MZI. 

 

Our numerical estimation and preliminary experimental results show that for the efficient operation of the 

QRNG it is necessary to have input/output losses < 33 dB, and ER > 3 dB. For several of the fabricated 

devices, experimentally obtained losses are equal to ≈ 30 dB, as well as ER ≈ 3.14 simultaneously, that 

make it possible to use its for further measurement as a QRNG and promising application of quantum 

communication technologies. 

 

4. Conclusion  

We fabricated silicon nitride on-chip MZI with two directional couplers and spiral delay line integrated 

in one of the arm. We the system losses ≈ 30dB and extinction ratio ≈ 3.14 dB as well. Further work will 

be devoted to testing this MZI and laser diode for generating random numbers, as well as improving the 

coupling efficiency. 
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Abstract.  Quantum  key  distribution  (QKD)  promises  unconditionally  secure
communication based on fundamental laws of physics, though practical realizations of
QKD may have loopholes and side channels, thus their security can be compromised.
We analyze the intercept-resend attack on the BB84 decoy-state protocol under the
presence of a passive side channel of the light source. We derive an upper bound for
the secret key rate and show that it does not significantly deviate from the ideal side-
channel-free case.

1. Introduction

Among the emerging quantum technologies,  QKD is  the  most  developed branch up to  date.  The
security of QKD is based on the fundamental laws of quantum physics and the constraints imposed on
the ability of an eavesdropper to obtain the exact copy of a quantum signal. The problem with the
QKD  security  appears  when  the  eavesdropper  attacks  the  real-world  QKD  implementations.  In
practice,  all  devices differ  from their  ideal  models.  For example,  quantum communication signals
emitted by different lasers may have slightly different  spectral,  temporal,  or  spatial  modes.  These
differences, called passive side channels of the light source, allow the adversary to obtain additional
information about the  quantum signals. The question of how to estimate and properly account for side
channels is an active research subject [1]. Since the original proof of unconditional security of the
BB84  protocol  for  ideal  devices  [2],  there  were  a  number  of  works  on  the  QKD security  with
imperfect devices [3-5]. 

In this work, we take into account the overall photonic mode mismatch as a side channel, estimated
via the Hong-Ou-Mandel (HOM) interference [1], and show an explicit intercept-resend attack on the
BB84 decoy state protocol which makes use of this side channel. The obtained secret key rate serves
as an upper bound on the possible secret key rate in the presence of passive side channel of the light
source for an arbitrary attack. 
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2. Methods

We use auxiliary degrees of freedom of phase-randomized weak coherent states of light, employed as 
signal states in BB84 decoy-state protocol, as a model of the passive side channel. The degree of 
distinguishability of quantum states is estimated from the HOM interference visibility. We 
numerically calculate secret key rate under the intercept-resend attack on the BB84 protocol for 
different values of the HOM interference visibility 

3. Results and discussion

The calculated secret key rate for several values of HOM interference visibility (0.2,0.3,0.4,0.5) is 
shown in Fig. 1. We note that the modern laser sources used in QKD typically have HOM interference
visibility values above 0.45. Thus we can say that there is almost no influence of realistic laser source 
imperfections on the upper bound of the secret key rate. The study of tighter bounds on the secret key 
rate requires analysis of more advanced eavesdropping strategies, which is currently in progress.

Figure 1. Secret key rate R as a function of fiber-optic communication distance L for different 
values of Hong-Ou-Mandel interference visibility V, under the intercept-resend attack on the BB84 
decoy-state protocol. We assume the standard single-mode optical fiber loss of 0.2 dB/km.
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Abstract. The necessity of studying fiber-optic communication lines with code division 

multiplexing. Structural diagrams of transmitters and signal receivers of fiber-optic 

communication lines with code division multiplexing. The features of their construction are 

established. Research results are presented.  

1. Introduction 

To meet the growing demand for high-speed communications in optical networks, it is necessary to use 

multiple access methods that allow multiple users to share the common bandwidth of the optical fiber. 

There are three main methods of multiple access: the user is allocated a specific time interval in time 

division multiple access (TDMA) or a specific frequency (wavelength) slot in a wavelength division 

multiple access (WDMA) system. Both methods have been widely studied and are currently used in 

optical communication systems. An alternative method is optical code division multiple access 

(OCDMA), which is currently gaining ground as it improves information security, simplifies network 

management, improves spectral efficiency, and increases flexibility in bandwidth allocation [1]. On the 

other hand, when using this method when constructing the fiber optic design, a number of features arise 

that must be taken into account when transmitting information in communication channels. 

2. The method of phase difference influence estimates between channels at peleng 

accuracy   

The method with code division multiplexing has a number of features that will affect the design of the 

fiber optic link. Therefore, in our work it is necessary to consider some of them. In OCDMA, different 

users share a common communication environment in which signals from different transmitters can 

overlap in both time and frequency. Multiple access is achieved by assigning different code sequences 

to different transmitters, which are subsequently detected at the receiver in the presence of multiple 

interference from other users [1, 2]. 

Statistical distribution of network bandwidth: any particular OCDMA receiver perceives other users' 

signals as noise. This means that you can continue to add channels as long as the signal-to-noise ratio 

(SNR) remains low enough and the number of bit errors remains at a constant level. So many active 

connections can be allocated per connection so that the total data traffic remains below the channel 

bandwidth [1]. For example, if several hundred voice channels are transmitted using OCDMA, and 

average power is the channel limit, then many more voice connections can be controlled than using 

TDMA or WDMA methods. 

In OCDMA, there is another feature associated with a high frequency optical carrier. For this reason, 

at a high data transfer rate, for example, of several Gbit/s per user, the limit of electronic information 

processing can be reached [2]. 
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The structure of a coherent homodyne transmitting module with an external Mach – Zehnder optical 

modulator is shown in Fig. 1. The input data is first encoded by a BPSK modulator to generate in-phase 

and quadratic phases, and then the generated electrical signal is fed to the optical modulator drive. 

Finally, several CDMA standard light streams encoded using a group of code sequences and multiplexed 

through couplers are transmitted to the optical network [1]. 

 

Figure 1. Structure of the transmission module for a fiber- optic communication line. 

A local oscillator is installed on the optical receiving module (Fig. 2), which is modulated using a 

pre-reserved code sequence. As a result, the generated signal is mixed and correlated with the received 

OCDMA signal. Coherently mixed optical signals are coupled to a two balanced detector, whose 

electrical output stores phase information. The generated bipolar electrical signal is integrated through 

a bit interval and the result is compared with a reference to form the final bit estimate [2]. 

 

Figure 2. Structure of an optical receiving module for a fiber- optic communication line. 

Such a construction of channels makes it possible to reduce the influence of interference noise, the 

intensity of which increases with increasing number of channels, on optical signals that carry 

information. 

3. Conclusion 

The obtained experimental results showed that the most appropriate direction of research for solving 

this problem is the development of new orthogonal optical code sequences. Their use will reduce the 

influence of interference interference arising from the transmission of signals at the time of separation 

between different users. 
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Abstract. Irradiated a soda lime glass slides subjected to silver-to-sodium ion exchange by 6 
nanoseconds pulsed laser at the wavelengths of 1064, 532 and 355 nm. Both pulses intensity 
and frequency were varied. Microscopic images, surface profiles and extinction spectra of the 
irradiated glass regions after the laser exposition and after 15, 45 and 90 s reactive ion etching 
were studied. Independently on the wavelength, the exposition resulted in the formation of 
silver nanoparticles demonstrating localized surface plasmon resonance, which gradually 
disappeared with the etching of the samples. The spectral position and amplitude of the 
resonance, size of the nanoparticles-containing region and depths of etching of differently 
irradiated regions were compared.  

1. Introduction 
Studies of glasses embedded with silver nanoparticles (SN) and containing the nanoparticles on their 
surface are being carried out during last decades. The reason of this interest is the possibility to use SN 
in multiple applications: as nucleation agent in glass ceramics formation, as Raman scattering and 
luminescence enhancing agents, as elements of optical polarizers and masks, in nonlinear optics, etc. In 
all cases, silver should be either introduced in the glasses or deposited onto their surface. Except the 
synthesis of silver-contacting glasses, a powerful tool to dope glasses with silver is their ion exchange 
processing resulting in the replacement of sodium or other alkaline ions from the glass composition by 
silver ions from the melt of a silver-containing salt. These ions can be reduced to metal silver forming 
nanoparticles in the bulk and on the surface of the ion-exchanged glasses via the phase decomposition 
of the silver-glass solid solution. The reduction can be induced either by a reducing agent, like hydrogen 
penetrating in the glasses, or by ions of variable valence, which can be introduced in glasses in their 
synthesis. Another approach to SN formation is the irradiation of silver-containing glasses with 
powerful lasers [1]. Besides, except arising and growth of SN [1], their laser modification [2], 
dissolution [3] and structuring of glasses with formed SN [4] were reported. In the present study, we 
have compared the effect of different expositions of a silver-doped glass by the fundamental, the second 
and the third harmonic of a neodymium nanosecond laser radiation on the formation of SN, surface 
relief of the irradiated glass regions and reactive ion etching (RIE) of these regions.     

2. Experiments 
We used a soda-lime glass containing 14.3 wt.% of sodium oxide. 1 mm thick glass slides were ion-
exchanged in the melt of Ag0.05Na0.95NO3 at 325 oC for 20 min. This resulted in the enrichment of the 
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glass with silver ions, maximal depth of their penetration (zero concentration level) being ~8 μm. 
Maximal silver oxide concentration at the glass surface was ~10.5 wt.%. The ion-exchanged glass 
samples were irradiated with a Nd:YAG laser providing 6 ns pulses with the maximal energy of 14 mJ 
at 1064  nm wavelength. Doubler and tripler of the radiation frequency provided pulses at 532 and 355 
nm with the maximal energies of 3.6 and 1.4 mJ, respectively. The radiation was focused on the sample 
surface: at 1064 and 532 nm to the spots of 130 and 70 μm in diameter, respectively, and at 355 nm to 
the 2 μm spot. Using a computer-driven platform, we moved the samples perpendicularly to the laser 
beam at a speed of 200 μm/s to draw “lines” on their surface using different wavelength, pulse energies 
and frequencies. Besides, some overlapping of the spots of the glass surface was provided. We 
characterized local optical extinction of the irradiated glass regions using a spectrometer equipped with 
50 μm optical fiber and 5x/0.13 objective. RIE of the samples was performed in Plassys mu400 station 
using 10Ar:20CF4 gas composition at 6mTorr during 15, 45 and 90 s. Surface profiles of the laser-
modified regions before and after RIE were characterized with 2-μm stylus profilometer.  

3. Results and discussion 
The results are illustrated with Fig. 1. Fig. 1a shows the temporal behavior of the maxima of extinction 
spectra of the regions irradiated at different wavelength in RIE and the extinction spectrum after 1064 
nm irradiation. Fig. 1b presents the surface profiles of these regions subjected to RIE for 90 s. 
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Figure 1. (a) Temporal behavior of the maxima of extinction spectra of the irradiated regions. Inset: 
the spectrum after 1064 nm irradiation (b) Surface profiles of the irradiated regions after 90 s RIE. 

 
Presented results allow us concluding that the irradiation at all wavelength results in the formation of 
silver nanoparticles, which are similarly distributed within ~100 nm subsurface layer of the glass for all 
used wavelength. Importantly, the modification of the glass with 355 nm wavelength pulses essentially 
fastens RIE, which could be due to switching of non-bridging oxygen bonds to bridging ones [5].  
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Abstract. The optical properties of synthesized zinc oxide films doped with tin in different 

concentrations (0-5 mol.%) were studied. X-ray diffraction revealed that the main phase of the 

obtained films is ZnO (wurzite). According to SEM data, the film consists of nanocrystallites, 

which are 10-20 nm in size. It was shown that the introduction of 0.5 mol.% tin ions leads to an 

increasing in the absorption of wavelengths (in the range of 300-370 nm) and a slight 

narrowing of the band gap.  

1. Introduction 

Multifunctional thin film materials based on metal oxides have unique optical, electrical, gas-sensitive 

properties and have great opportunities for application. One of the widely used semiconductor 

materials is zinc oxide (ZnO) due to its unique physical and chemical properties, cheapness and ease 

of production. Nanoscale ZnO films possess transparency in the visible range and good optical 

properties, have low resistance, and are highly sensitive to different toxic gases, such as ammonia, 

hydrogen sulfide, and organic compounds [1, 2]. To improve the materials properties, doping with 

different atoms and ions is used. For example, doping of ZnO with fluorine ions leads to decreasing of 

the band gap; when the concentration of modifying agents is equal to 6%, materials showed a 

minimum resistance and maximum carrier concentration [3]. When zinc oxide is doped with tin, the 

temperature dependence of resistance changes in comparison with pure ZnO [4]. The introduction of 

aluminum and tin ions into the ZnO structure also led to changes in the material properties: the films 

transparency increased from 65% to 81%, and the electrical conductivity of the samples reached 0.335 

(Ω.cm)
−1

, the band gap increased to 3.3 eV [5]. In this paper, the optical properties of synthesized zinc 

oxide films doped with tin ions in different concentrations are studied. 

2. Experiment  

As precursors, SnCl4·5H2O, Zn(CH3COO)2·2H2O and organic acid were used. The molar ratios of zinc 

and tin were 0:100, 0,5:99,5, 1:99 and 5: 95 for materials 1, 2, 3, and 4, respectively.  Synthesis was 

carried out through the formation stage of organic Zn
2+

 and Sn
4+

 salts, which were dissolved in an 

organic solvent. The solution was applied to pre-prepared glass substrates and dried at room 

temperature. In this way 3 layers of the precursor solution were applied. Then the materials were heat-

treated at 500 
o
C for 1 h. The obtained samples were studied using the X-ray powder diffraction 

analysis (powder diffractometer Thermo ARL) in CuKα radiation, electron microscopy (SEM, 

ЕМХplus 10/12 Bruker). Optical properties were studied using optical absorption spectra obtained on 

the Varian Cary-100 spectrophotometer in the wavelength range of 300 – 1100 nm. 
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3. Results and discussion 

The main phase of obtained films is the typical wurzite crystal structure for zinc oxide that was 

confirmed with X-ray diffraction analysis. According to SEM data, the film consists of 

nanocrystallites, which are 10-20 nm in size. The average thickness of three-layer films is 180-200 nm. 

Analysis of optical absorption spectra (Fig. 1) showed that the maximum absorption coefficient in the 

wavelength range up to 370 nm is observed for films obtained in the Sn:Zn ratio equal to 0.5:99.5 and 

the minimum for films with the Sn:Zn ratio equal to 5:95. Above 380 nm, the absorption coefficient 

for all synthesized materials was close to zero. The band gap (Eg) estimation of the Sn-doped ZnO 

films was performed based on the material's absorption edge analysis [6] and showed that for materials 

1-4 it was 3.31; 3.28; 3.30 and 3.31 eV, respectively. The obtained values of Eg are close to the band 

gap of crystalline ZnO, equal to 3.37 eV. 

 

Figure 1. Optical absorption spectra of materials 1-4 (explanations are presented in the text). 

The decreasing of the obtained films band gap in comparison with their single crystals is a 

consequence of their nanoscale structure and tin doping. On the one hand, the presence of 

nanocrystallites leads to a significant increasing in the material's surface area, which has a high defect. 

On the other hand, it leads to the "blurring" effect of the band gap border. It is also seen that the tin 

introduction into the ZnO structure with a concentration of 0.5 % leads to a certain narrowing of the 

band gap from 3.31 to 3.28 eV. 

4. Conclusion 

Based on the obtained results, it is possible to create transparent nanostructured films with controlled 

optical properties, which are of great interest for solving various problems of modern optoelectronics 

and photovoltaic energy. 
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Abstract. We report the investigation of near-infrared (NIR) photoluminescent and structural 

properties of aerosol germanium nanoparticles, synthesized by spark discharge method followed by 

sintering in a tube furnace at different temperatures varying from 25 to 775 °C. We demonstrate a 

growth of mean primary particle size from 7 to 51 nm and change in crystal structure from 

agglomerates of germanium nanocrystals in amorphous matrix to individual pure crystal 

germanium nanoparticles with temperature increase. Pure germanium nanoparticles are prepared at 
temperatures above 600 °C and distinguished by absence of near-infrared photoluminescence. 

However, according to Raman spectroscopy the presence of amorphous germanium in the samples, 

sintering at 25 to 475 °C, leads to the luminescence intensity increase from 1100 to 1550 nm. 

1. Introduction 

Germanium nanoparticles (NPs) continue to be a subject of interest for achieving enhanced properties of 
light emitters in various quantum technologies especially for biomedical applications and optoelectronic 

devices due to its unique photoluminescent properties, in particular, the possibility of emission in wide 

range, from UV through the visible to the near-infrared (~ 1.7 mkm) [1]. The aim of our work is to study 

the size, structural properties and NIR luminescence of aerosol Ge NPs produced in a gas discharge.  

2. Materials and Methods 

Ge nanoparticles were synthesized using the aerosol spark discharge generator [2], which was 

supplemented by a tube furnace for NPs sintering at different temperatures directly in gas flow. Five 
samples were produced at various temperatures: 25, 325, 475, 625 and 775 °C. Cylindrical n-type 

germanium was used as electrodes for electrical erosion. Spark processing was performed in argon gas of 

99,9999 purity, the pressure was maintained at 1.5 bar. The frequency of the discharges and the capacitor 

voltage were 370 Hz and 1,5 kV, respectively. Aerosol NPs were collected on a cellulose filter and TEM 
copper grids with carbon film directly in the setup chamber. 

Fluorescence measurements in the IR region were performed on the Fluorolog-3 spectrofluorometer 

(Horiba Scientific) with laser excitation at 532 nm. Micro-Raman spectroscopy studies was carried out 
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with a LabRAM HR Evolution (Horiba Scientific) using the 532 nm excitation wavelength of the He-Ne 

laser (0.1mW). The particle size properties and crystal structure of the samples were analyzed with the aid 

of transmission electron microscopy (TEM) Jeol JEM 2100 (200 kV). 

3. Results and Discussion  

According to the analysis of TEM images, the mean size of primary nanoparticles increased with raising 

of sintering temperature from 6.8 ± 5.2 for 25 °C sample to 51.3 ± 31.8 nm for 775 °C, the width of the 
particle distribution by size and the proportion of large particles also increased. The particles sintered at 

temperatures from 25 to 475 °C formed agglomerates, at 775 °C individual Ge particles were observed. 

Raman spectra of germanium nanoparticles synthesized at different temperatures (Figure 1a) shows that 

for 25, 325, 475 °C samples there were two peaks at ~ (275 – 280) cm-1 and 298 cm-1, while for 625, 775 

°C samples was detected one peak at 298 cm-1. Figure 1b shows absence of near-IR luminescence for Ge 

NP, sintered at 625, 775 °C, while for 25, 325, 475 °C samples photoluminescence intensity increased 

from 1100 to 1550 nm. 

 

Figure 1(a, b). (a) Raman spectra; (b) Near-IR luminescence of Ge NPs, sintered at various temperatures.  

The Raman peak at 298 cm-1 refers to a crystalline germanium with a cubic lattice characteristic of bulk 

germanium. The presence of a wide peak with a maximum of about 275 cm-1 is associated with the 

presence of amorphous germanium in samples synthesized at low temperatures from 25 to 475 °C.  

By comparing the data of Raman spectroscopy and NIR luminescence, it can be assumed that 

luminescence occurs either in amorphous Ge or on the interface of the crystal – amorphous germanium. 
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Abstract. In this work we experimentally studied the influence of different gases on silicon 

nitride O-ring resonator transmission. We compared the obtained results with a numerical 

calculations and theoretical analysis. We found a good agreement between the theoretical 

experimental data. Our results have a great potential for gas sensing applications where compact 

footprint and high efficiency are desired simultaneously. 

1. Introduction 

Photonic integrated circuits (PICs) are a very powerful platform for miniaturized and precision sensors. 

For example, PICs can be used for defining properties of different gases [1], chemical and biological 

materials [2] etc. For the gas sensing different integrated photonic devices and circuits can be used. In 

this paper we had studied silicon nitride optical ring resonator (ORR) as a gas sensing device in helium, 

propane and air atmosphere.  

  

2. Theoretical and numerical study 

The principle work of the ORR is close to the Fabry-Perot resonator cavity operation. On the 

transmission spectrum, we can determine picks, the location of which directly depends on the refractive 

index of the ring's waveguide material and its environment. Thus, changing the environment of the ring, 

we thereby change the group refractive index, which, in turn, leads to changes positions of the resonant 

peaks in the transmission spectrum. To describe the transmission spectrum and to calculate the optimal 

sizes of ORRs, we used both theoretical calculation and numerical simulation. For ORR the main 

parameter is free spectrum range (FSR) and peaks’ positions res can be found by well-known equations 

according to [3]. Another approach is to use numerical methods and compute the resonance curves using 

modelling in COMSOL Multiphysics. We used a standard ring resonator 2D model with real device 

parameters. In the first step, we have defined an effective refractive index by modeling the cross-section 

of the substrate with a half-etched silicon nitride waveguide. Then, we calculated the transmission 

spectrum of the chip with various ring's gas claddings. All calculated data are in good agreement with 

experimental results, which shows the validity of the use of the 2D model for our research. 

 

3. Device design and fabrication 

For device fabrication we used commercially available silicon substrates with SiO2=2.6 µm and 

Si3N4=450 nm layers atop. From the one step of e-beam lithography (Crestec, CABL-9500C) followed 

half etched with reactive ion etching (RIE) in CHF3 atmosphere for device finalizing. In Figure 1b one 

of the fabricated O-ring resonator is shown. The device consists of two focusing grating couplers (FGCs) 
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for input/output light, connected by a 1 μm waveguide bus, separated from the O-ring waveguide of 1.6 

μm width by a gap of 1.4 μm.  

 

Figure 1. (a) Experimental ORR transmission spectra data for three gaseous: helium, air, and 

propane. It can be seen from the plot that the position of the maximum shifts with the change of the 

gas refractive index. (b) Microphotograph of the fabricated optical O-ring resonator. On the photo, 

the input and the output of the light are shown with the white arrows. 

 

4. Experimental setup and results 

Our experimental setup for transmittance spectra measurements consist of a tunable laser (NewFocus 

TLB-6600 with tune range 1510-1620 nm), a polarization controller to align the polarization, 3D sample 

holder with piezo motors, a fast photodetector as well as a fast analog-to-digital converter. To match the 

light in an optical fiber with the ORR, we used a fiber array and FGS on a chip. For measurements in 

various gases, we made a thin pipe for blowing gas around sample, while the sample itself was securely 

fixed on the table. In our work, in addition to the surrounding air (nAir = 1.000292), we used two gases: 

helium (nHe = 1.000035) and propane (nC3H8 = 1.2898). The experimental results are shown in the Fig. 

1(a). It is clearly seen that the position of the resonance peak substantially depends on the environment. 

5. Conclusions 

We studied the dependence of the transmission spectrum of the ring resonator depending on the gas 

surroundings through evanescent mode interaction. Obtained experimental results are in a good 

agreement with theoretical data and numerical calculation. This work is important for miniaturization 

of nanophotonics, biomedical devices and chemical devices detection. 
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Abstract. Estimates of information capacity of the optical system as product of 
maximum data rate in single soliton channel and long span distance are considered. 
The linear (fiber group velocity dispersion and optical losses) and nonlinear (self-
phase modulation and Raman self-frequency shift) effects, the signal/noise ratio of 
pulse source are included in pulse evolution description. It was shown, that maximum 
optical system capacity can be achieved with NZDS-fiber. 

1. Introduction 
One important parameter of the fiber optic data system is the information capacity defined as the 
product of the bit rate B by the transmission distance z (the length of the span). Information capacity of 
a data transmission system directly depends on symbol  pulse width - To  and their peak power P. 
Increase in speed of data transmission assumes reduction of duration of symbol pulse: the bit rate B = 
(Q* To )-1 , where Q- is on-off time ratio, that leads to broadening of a spectrum of symbol  pulse that 
accelerates dispersive broadening of symbol pulse, on the one hand, and at the high power causes 
manifestation of nonlinear effects in the fiber light guide with another. Nonlinear effects of different 
nature have different effects on momentum evolution [1-5]. The self-phase modulation can be used to 
compensate for the dispersion expansion of the pulse in the region of abnormal dispersion. However, 
other nonlinear effects may have a negative effect on bit pulse dynamics. Thus, at the subpicosecond 
width of the symbol pulse, Raman self-scattering can have a significant influence on its evolution. The 
features of propagation of optical pulses of subpicosecond width in the fiber considering both linear 
(fiber dispersion and optical losses) and nonlinear (self-phase modulation, Raman self-frequency shift) 
effects, as well as influence of noise of the source of these pulses are considered. It is shown that it is 
possible to optimize the parameters of the fiber-optics communication system in order to increase its 
information capacity.  

2. Thefeatures of propagation of optical soliton of subpicosecondwidth 
The solitons can be used as the symbol pulses in bit stream in order to overcome the dispersion 
limitation.  The initial balance between the dispersion and nonlinearity represents the fundamental 
optical soliton when the initial powerPo of the solitons:Po=|β2|/(γτo

2),where β2 – is the fiber dispersion 
d2β/dω2,β – is the propagation constant, ω = 2πf is the frequency,  γ - nonlinear Kerr coefficient, 
τ o= To/1.763. The initial soliton energy Eo = 2Pτo. For SSMF β2 = 18 ps2/km, and β2 = 2 ps2/km for 
NZDS fiber can be used. In a real fiber there is some small loss.  When fiber loss is included, the total 
energy E(z) in a pulse decay with the distance along the fiber and is proportional to exp(-2αz), z – 
distance, α - fiber loss. If we assume a level loss in SSMF of 0,2 dB/km, α = 0,023 km-1. If the loss 
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length α-1is long compared to the dispersion length LD: LD = τ2/β2, the pulse width changes as 
τ(z) = τo exp(2αz). 
The self-frequency shift of a soliton is extremely sensitive to the pulse width [4, 5]: 
∆𝜔𝜔𝑅𝑅(𝑧𝑧)= 8

15
|𝛽𝛽2|𝑇𝑇𝑅𝑅𝑧𝑧

𝜏𝜏4 , 
TR – is the Raman parameter, typically TR = 3 fs for the optical fiber [3], g(τo) – weak function of τo.  
This frequency shift in center of each pulse in a bit stream would not cause problem to data carrying 
capacity. But if the initial pulse width fluctuates as result of laser noise an error can occur at the end of 
fiber-optics communication system.The self-frequency shift result to the change in position of the 
center tR from its original value. In practical the fluctuations in the solitons pulse width ∆T can be 
induced by changes in the energy ∆E from the laser as well as noise in the input pulse: ∆E/E=∆T/T. 
The change in the output pulse position ∆tR is obtained: 
∆𝑡𝑡𝑅𝑅 = 4

15
𝛽𝛽2

2𝑇𝑇𝑅𝑅
𝜏𝜏𝑜𝑜4

∆𝜏𝜏𝑜𝑜
𝜏𝜏𝑜𝑜

𝑔𝑔(𝜏𝜏𝑜𝑜)
𝛼𝛼

�𝑧𝑧 − 1−𝑒𝑒𝑒𝑒𝑒𝑒 (−8𝛼𝛼𝑧𝑧)
8𝛼𝛼

�     (1) 
Let us determine the admissible value of ∆tR less than half the clock interval: ∆tR < 2/B, where B is the 
bit rate. For soliton systems, Q = 10 is usually taken.Then the permissible range of information 
transfer z can be estimated from (1), for the case when the input fluctuations 
∆To/To = 0.001(signal/noise ratio of the symbol pulses source 103). With an increase in the initial 
width To, the self-scattering effect weakens and the permissible range z increases. However, the length 
of the soliton propagation regime also depends on To. 
The information capacity defined as the product of the bit rate B by the transmission distance z for 
soliton system is presented in Fig. When using NZDS fibers with a symbol pulse width To nearly 1 ps, 
the maximum information capacity is achieved. 

  
a b 

Figure (a, b).The information capacity B*z in the fiber with biased dispersion with β2 = 2 ps2/km (a) 
and with biased dispersion with β2 = 18 ps2/km (b) as a function of initial pulse width To.  

3. Conclusion 
It is shown that for fiber with predetermined parameters, it is possible to determine a range of initial 
symbol pulse durations To at which it is possible to realize a maximum range z at a high bit pulse rate 
B such that the time jitter cased source amplitude fluctuation will be small.  
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Abstract. We propose a method for controlling optical displacement of the optimal quantum 

receiver. The optimal receiver is able to discriminate between two phase-modulated states of a 

coherent optical signal. The optimal receiver controlling method can be used in various 

physical implementations of the optimal receiver. 

1. Introduction 
With the rapid development of fiber-optic technology and single-photon detectors, we have the 

possibility to create an optimal quantum receiver, which can detect weak coherent signals with an 

error below the standard quantum limit. We have developed a controlling method of the optimal 

quantum receiver for detecting coherent signals with discrimination error close to the Helstrom bound. 

2. Optimal receiver control 

We assume that the coherent signal has two states | ⟩ and |  ⟩, where    is mean photon number of 

the coherent signal. In order to distinguish two signal states, it is necessary to mix the signal with a 

local oscillator (LO) on a 99/1 beam-splitter and then measure by a single-photon detector. We can 

change intensity of LO. We transform the phase-modulated signal into amplitude-modulated by 

mixing coherent signal with LO. The initial states of the signal is transformed to |    ⟩ and  
|   ⟩. Where Δ is the optical displacement. After a beam-splitter the coherent signal interferes with 

the LO. We can distinguish two states with an error below the standard quantum limit by measuring 

the beam intensity using a single-photon detector and analyzing the data. If the displacement is Δ = α, 

then one state is completely nulling and the optimal receiver is transformed into Kennedy receiver 

mode [1]. However, such a coherent signal detection mode is not the most effective one. 

It was shown in [2] that the optimal displacement signal can be more effective if we do not null 

one of the states. There is a more effective displacement of signal   |      ⟩. In order to find out 

    , it is necessary to take into account the imperfection of the optical scheme. We have two 

parameters. The first parameter    is constant and is characterized radiation background and dark 

counts of a single-photon detector. The second parameter    is integral parameter and characterizes 

non-ideality of optical system. In fact, intensity of interference minimum is not zero. We assumed that 

         Where    non-ideality coefficient. Then two states of output light we can describe by 

system of equations: 

{
(    )            

             
     (1) 
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Where      and         mean photon numbers for constructive and destructive interferences. We 

can experimentally measure non-ideality coefficient  , if        and we knows   . Nulling of      

corresponds to maximal extinction      
    

    
, when two signals have the same intensity. Optimal 

displacement      is determined that distinguishing error of two states of coherent signal must be 

minimal. For this we should use formulae (2) from [1]. Then, using system of equations (1), we get 

  
      

    
      (      )   

     (2) 

Note, extinction   and optimal displacement      depend on value   (see Fig. 1). 

 

Figure 1. Extinction vs optimal displacement      for different   

3. Conclusion 
We propose a method for controlling the optimal quantum receiver to distinguish between two 

coherent states of the measured signal. We can control optimal displacement value and measure signal 

with the minimal error. Further refinement of the method should be made taking into account the 

specific technical implementation of the receiver. 
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Abstract. In this paper we fabricated and studied focusing grating couplers for lithium niobate 

on insulator photonic platform. The transmittance with respect to the grating period before and 

after silicon dioxide covering was measured. Our results showed the influence of silicon dioxide 

cover on efficiency and central wavelength of grating couplers and can be used for further grating 

coupling efficient improvement. 

1. Introduction 

Lithium niobate on insulator is a promising platform for different on-chip scalable devices offering 
nonlinear wavelength conversion and high-speed modulation [1]. One of the challenges is efficient in- 

and out-coupling of light into and out of planar on-chip photonic circuits. Focusing grating couplers 

(FGCs) are potentially a way highly efficient extraction of light from planar optical structures [2]. Here, 
we present our first preliminary results on in- and out-coupling of light by means of FGCs created by 

reactive ion etching. 

 

2. Device design and fabrication 

For LNOI coupler development, we optimized the geometry of FGC demonstrated on SOI [3]. Single 

nanophotonic circuit included two FGCs connected by a 900 nm wide ridge waveguide (Fig. 1 a, b). To 

study FGC in a detail we created an array of devices with grating period variation in a range of 800 - 
900 nm at a fixed filling factor 0.5. Such array including 15 nanophotonic schemes, was organized in 

three doubled rows and was made twice. For the device fabrication we used commercially available 

lithium niobate on insulator (LNOI) wafers (NanoLN) with 500 nm thick lithium niobate film residing 

on a silicon wafer with 2 m SiO2 spacer. The fabrication process was realized by e-beam lithography 

using double-layer PMMA as positive e-beam resist. The top PMMA layer (thickness 80 nm) with 950K 
molecular weight was put on top of more sensitive 200 K layer (thickness 400 nm). This facilitates 

undercut of the developed structures and promotes smooth lift-off of the hard metal mask. After the e-

beam writing is completed and PMMA structures are developed with MIBK developer, 120 nm thick 
nichrome (50/50 Ni/Cr) hard mask was deposited by e-gun evaporation. Lift-off of the hard mask was 

performed in warm N-ethyl pyrrolidone. Lithium niobate structures were then produced by etching 

LiNbO3 through the nichrome mask in an Ar/SF6 low pressure plasma with no ICP component. After 
etching, the residual nichrome mask was removed in a mixture of chromium etchant and nitric acid. 

 

3. Experimental results 

For the experimental study we used tunable laser source (New Focus TLB-6600) in a range of 
1510÷1620 nm, optically connected with single mode 12th channel fiber array (FA) and polarization 
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controller with chip placed on top of a x, y, z, rotation piezo stage. Transmission spectra of devices 
was measured by a fast photodetector and after preliminary amplification of the electrical signal were 

registered by NI DAQ system. Several measured transmission spectra of nanophotonic devices from 

the array are shown in Fig. 1c. It can be seen that with an increase in the period of the grating, the 
maximum intensity moves to greater wavelengths (Fig. 1 (c)).  

 
 

Figure 1 (a-d). (a) Schematic image of cross-section of a FGC, where Λ is the grating coupler period, 

w is a tooth width, filling factor ff = w/Λ, α is an angle of a tooth’s side inclination (b) SEM image of 

FGC on lithium niobate on insulator. Transmission spectra for different grating periods before (c) and 
after SiO2 sputtering (d) 

 

Nevertheless, the main Gaussian transmission spectra are outside the possible range of wavelengths. 
The 1 μm SiO2 coating increases the refractive index, but nonetheless, is not sufficient to move the 

maximum to the wavelength of 1.55 μm. (Fig. 1 (d)). Also shift of the central wavelength due to SiO2 

layer will be to the longer wavelengths, but this layer decreases total coupling efficiency. The maximum 

coupling efficiency for 1.55 μm wavelength was found as ≈ - 17 dB for the 900 nm grating period.  

 

4. Conclusions  

We studied FGCs efficiency depending on grating coupler period and a cap layer of SiO2 and determined 
≈ -17 dB maximum coupling efficiency for 1.55 μm wavelength. A further increase of FGC’s grating 

period with a fixed filling factor allows shifting the Gauss like transmission maximum closer to 1.55 

μm wavelength. Our results can be used for developing of high efficient coupling on LNOI, which can 

be used in the various quantum photonics applications, where compact design and high nonlinearity are 
needed simultaneously.  
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Abstract. We studied numerically the influence of a surrounding medium on coupling efficiency 

of a microdisk resonator supporting optical whispering gallery modes and a straight optical 

waveguide. Quality factors of the WGMs and the optical power coupled to differently wide 

waveguides and for different indices of the surrounding medium were calculated. It was shown 

that increasing index of the surrounding medium provides more efficient coupling. 

1. Introduction 

Semiconductor microdisk (MD) lasers, which support high-quality optical whispering gallery modes 
(WGMs), are of great interest as light sources for all-optical interchip communications [1]. However, 

such sources have to provide directional optical power output, which MD lasers generally lack. Coupling 

a MD laser with a bus optical waveguide (OW) can close this gap [2, 3]. However, the coupling is 

typically weak due to high localization of WGMs. Here we propose covering a MD with a dielectric to 
strengthen the coupling and increase the fraction of optical power transferred to the OW. 

2. Modeling 

We analyzed optical properties of a MD resonator coupled to a straight optical waveguide using a 
numerical simulation via finite elements method in COMSOL Multiphysics environment. An 

eigenfrequency solver was used to find WGMs of the MD in the near infrared region (around 1.3 μm) 

and the fraction of their optical power coupled to the waveguide. The MD diameter was 6 μm and its 

index nin=3.4 (close to GaAs). The OW of the same material as the MD was considered. Q-factor of the 
passive optical resonator under consideration was matched to Q-factor of real lasing structures with a 

quantum dots active region (a few tens of thousands [4]) via setting imaginary part of the MD index 

kin=5e-5 to introduce additional losses. We chose d=200 nm the gap between the MD and the OW, 
whereas the OW width, w, and a surrounding medium index, nout, were varied.  

Also we considered 2D geometry instead of 3D to reduce required computational power and only 

the TM-polarized WGMs, for the phenomena under discussion are qualitatively the same. 

3. Results and discussion 

We simulated several WGMs of the isolated MD in air: TM(1,44) – 1263.1 nm, TM(2,39) – 1261.3 nm, 

TM(3,35) – 1258.0 nm. In these notations, numbers in the brackets are radial and azimuthal orders of 
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the mode, respectively. Further, we watched over the behavior of these modes while varying the OW 

width and the surrounding medium index. The OW width barely affects the WGMs eigenfrequencies, 

for the coupling is weak. Whereas, increase of the outer medium index causes red-shift of the modes as 

we demonstrated in our previous work [4].   
In Figure 1, we show the dependences of Q-factor of the mode TM(1,44) on the OW width for 

different nout. The dips in the dependences correspond to the widths, at which the OW modes propagation 

constant matches the effective one of the WGM at the WGMs wavelength that is resonant (most 
efficient) coupling. The dips are about equidistant and correspond to subsequent TMm modes of the OW, 

where m = 1, 2 … is a number of the H-field maxima in the transverse direction of the OW. The local 

minimum value in Figure 1 characterizes the magnitude of the coupling of the MD and the OW. With 

the rise of the outer index the minima significantly decrease, i.e. the coupling strengthens.  

 
 

Figure 1. Q-factor of the mode TM(1,44) coupled 

to the straight optical waveguide vs its width 

Figure 2. Relative optical power resonantly 

coupled to the optical waveguide vs nout 

Q-factor of a mode is defined by its optical losses. For the isolated MD, Q0=Win /Pin, where Win is an 
optical power stored in the MD and Pin are both inner losses caused by kin and radiation losses from the 

MD surface. For the MD loaded with the waveguide: Q=Win /(Pin + Pout), where Pout is radiation losses 

through the waveguide. Thus, the fraction of the optical power coupled to the waveguide χ = Pout /Win 

expressed through quality factors is: 
0/1/1 QQ  . 

The dependence of χ on the outer medium index for the considered WGMs is shown in Figure 2 

(OWs width chosen to correspond to the resonant coupling). There is a significant increase in the fraction 
of the optical power coupled to the OW with the growth of the outer index: about 10-fold gain for 

nout=1.5 (close to many polymers) and more than 150-fold gain for nout=2.4 (close to TiO2). Essentially, 

the optical power coupled to the OW does not exceed 1% of optical power stored in the MD, and that 
should not noticeably disturb laser generation. The exponential behavior of the dependencies in Figure 

2 indicates that the coupling is driven by the exponentially decaying tail of the WGMs field, and the 

decay length is longer in an optically denser medium. Also noteworthy that the OW-coupling of the 

higher radial order modes is generally higher. However, as was shown in [4], higher radial modes also 
suffer with considerable decrease of their Q-factor under increase of the outer medium index. 
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Abstract. We have experimentally studied for the first time a new operation principle of the 
all-optical coherent streak-camera (Rabi deflector). In the experiment, we observed an effect of 
significant dynamical angular deflection of a pulse of semiconductor laser during the resonant 
pumping of the D2 line (780.24 nm) of 87Rb vapour in the range of diffraction angles 
φ = ± 5.45о. We propose to use the Rabi deflector as an energy efficient shaper of classical 
and single-photon wave packets. We analyze a possibility of the Rabi deflector operation in 
quantum systems with feedback.        
 
 

 
1. Introduction 
 
A problem of the angular deflection of laser radiation is the most difficult problem of the laser 
radiation control [1,2]. In [2-4], we proposed a new principle of the angular deflection of radiation 
wave vector during the laser pulse diffraction off the atomic resonant diffraction grating with the 
spatial pitch, which is time dependent – the Rabi deflector. For this, the pump-field transversal profile 
E(t,x) should have a form of E(t,x) = ε(t)·saw(x) for the discrete angular deflection [2-4], or  
E(t,x) = ε(t)·ramp(x) for the continuous in time angular deflection. 
 
2. Experimental 
 
A cell with 87Rb vapour was pumped by a pulsed tunable laser diode with the duration of 5.15 ns at the 
wavelength of transition D2 (780.24 nm). Laser pulse power did not exceed 1040 mW. The rubidium 
vapour density was No = 2.9·1011 cm-3. For the Rabi deflector operation, we created the transverse 
pump-field profile E(t,x) = ε(t)·ramp(x) (S-type) of the size of 800 x 20 μm.    
 

In the experiment, we analyzed the form of the diffraction pulse scattered from the cell at 
different diffraction angles φ. The pulse form was registered by the single-photon counting method 
using Single Photon Avalanche Diode MPD PD-050-CTD-FC with the time resolution of 27 ps and 
the multichannel time analyzer of single-photon pulses BH SPC130. The recording of the form of 
diffraction pulses was done using temporal beats between the pump pulse and moving diffraction 
maxima of the field of resonant medium radiation (cf. Figures 1, 2).  The temporal beat signal was 
observed in the angle range of φ = ± 5.45о.  

In this report, we analyze a possibility to use the Rabi deflector as an energy efficient shaper 
of classical and single-photon wave packets as well as its use in the perspective quantum systems with 
feedback loop [5]. 
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Figure 1. The result of numerical solution of the Maxwell-Bloch equations. The dashed line is the 
pump pulse; the solid line is the beats between pump pulse and dynamical diffraction maxima.  

The angle of the pulse diffraction observation is φ = - 0.05о. 
 

 
 

Figure 2. Temporal beats between the pump pulse and dynamical diffraction maxima  
in the experiment. The angle of the pulse diffraction observation is φ = - 0.05о. 
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Abstract. We present a computational technique to aid the authentication of paintings 

based on analyses of high-resolution digital images of the original works. This 

technique builds a statistical model (amplitude histogram) of the digital images of 

authenticated works against which copies and forgeries then are compared. It 

illuminates the individual brushstroke characteristic of paintings created by a master to 

be analyzed. We show preliminary results from our analyses for 36 self-portraits that 

at various times have been attributed to the Dutch painter Rembrandt van Rijn. These 

results demonstrate the conformity of histograms for paintings which are considered 

by art experts as authentic self-portraits by Rembrandt, and reveals statistical 

differences when compared to copies as well as paintings executed by others in the 

Rembrandt works.  

Introduction 

The attribution of great paintings is one of the most important activities in modern museum work. The 

attribution of an artwork is the result of authentication – a procedure for the confirmation of its 

authenticity. The main task in authentication is to find material evidence by which it is possible to 

indisputably acknowledge the experts’ conclusions about the authorship and the painting’s time of 

creation. The author’s signature, the dates and monograms left by artists on the front or back of the 

picture, as well as accompanying inscriptions and historical information on the provenance of the 

work are among such proofs. Unfortunately, the influence of the environment, adverse storage 

conditions and the consequences of radical restoration intervene in the structure of the painting and 

often lead to these proofs disappearing. 

 

Furthermore, in many paintings, the artist’s signature is actually absent. In such situations, it is 

necessary, in order to remain objective, to use natural-scientific approaches, including various optical 
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and physical methods for studying the structure of the painting. However, despite the availability of a 

wide range of contemporary analytical research methods, they do not always prove to be effective 

enough to obtain the necessary information. In fact, the determination of the composition of the paint 

layers and the dating of a painting’s support (by means of carbon dating and dendrochronological 

analyses), even combined with research results by art history experts, does not always allow for its 

attribution to the hand of a certain artist. Hence, the need to develop a new scientific method for 

studying paintings, which provides information that cannot be obtained with the use of traditional 

research methods, and which avoids subjective opinion.   

 

In recent years, numerous computer methods based on the analysis of optical images obtained with the 

aid of digital photography have appeared in the field of the authentication of artworks. Most methods 

of computer analysis serve as a means for studying the visual characteristics of an artist’s 

brushstrokes. Till now this information has been used to study paint layers and style. However, since 

in most cases the technique of applying the paint is highly individual for each artist, it can be 

considered as a “fingerprint”. How to extract and analyse this “fingerprint”?  The mathematical 

methods of processing a digital picture (“quantification”) include the statistical method of a wavelet 

analysis, the support vector method, the fuzzy clustering method, etc., which are all used to analyze 

the brushwork technique [1] – [4]. In some cases, these methods are combined with analysis methods 

from other scientific fields, e.g. biometrics and medicine. In this paper, a scientific method for the 

comparative analysis of paintings is described, which employs intensity histograms of their digital 

optical images being the extraction of this “fingerprint”. The possibilities provided by this method are 

illustrated by a case studies of self-portraits created by the Dutch painter Rembrandt van Rijn and case 

study of analysis of two paintings created by great Italian master Leonardo da Vinci.  

 

Experimental results 

For our analysis we used high-resolution digital images of Rembrandt`s self-portraits. In some 

instances some images to be analyzed were taken from available books and then scanned at maximum 

resolution (this was done in our first efforts to analyze paintings). However, it is important to precisely 

scale analyzed images to the same size and to equalize their resolution – in our case we used size of 

600x800 pixels and a resolution of 300 dpi. For the comparative analysis of histograms of self-

portraits we used only a central part of grayscale images of Rembrandt`s face.  It is clear that the face 

is the main part of any portrait and any artist would have concentrated his attention mainly on it. There 

is a high probability that an artist painted his face by himself rather than with others of his studio.  

Our analysis did show interesting features of self-portraits by Rembrandt, which complicated our 

analyses. The intensity distributions of his histograms is different for the young faces appearing in his 

early portraits and aged faces (see Fig. 1). The distribution of intensity changed many times and some 

later self-portraits, for instance, from the Kenwood House (c. 1665-1669) look similar to most early 

self-portraits. Evidently, it is connected to a shift in Rembrandt`s technique during his life.  

Taking into account the above mentioned variety of histograms of self-portraits corresponding to 

different periods of Rembrandt`s life, we decided to focus our analysis on a study of self-portraits of 

his later period as their attribution is less questionable than that of his early works. 

 

Our results suggest a plausible approach for the identification of brushstrokes of painters by means of 

the analyses of luminosity histograms taken from digital images of paintings. Our studies and results, 

described in this paper, clearly demonstrate that it is possible to determine the mathematical mean and 

variance of a histogram in order to attempt a rigorous comparison of different paintings. However, 

these values are subject to minor differences in the composition of the imaged figure (including angle 

of observing of face, tilt of head, etc.). It is obvious that restoration treatments also can influence the 

distribution of intensity in histograms. Furthermore, histogram distributions are sensitive to changes of 

the artist`s technique during his life. From this point of view, our approach can be considered as an 

excellent guide to the attribution of paintings. Also, it can be very useful for comparative analyses of 
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those paintings, where final attribution can not be achieved solely on the basis of stylistic and 

historical studies or technical characterization. If it is known that a particular painting was created by a 

certain artist, then comparing its histograms with those of images of a painting to be analyzed, allows 

for the determination if both of these paintings were created by the same artist. In these complicated 

situations the histogram approach can give additional and what is even more important – objective 

quantitative information, which is useful for making the final decision on the attribution of a painting. 

 

a)         

b)          

c)         

Fig.1. Self-portraits by Rembrandt of different periods of his life and their histograms: a) Nuremberg 

1629 (age 23); b) Karlsruhe 1645-48 (age 39-42); c) Hague 1669 (age 63). 
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Abstract. Here we studied the change in the transmission spectrum of integrated resonators 

with thin film Ge2Sb2Te5 atop. We found a change in the transmission spectrum depending on 

its length and phase state. The obtained results can be used to create electrically and optically 

switched on-chip devices and complex fully functional nanophotonic circuits based on them.  

1. Introduction 

The fast switching time of Ge-Sb-Te (GST) thin films between amorphous (a-GST) and crystalline (c-

GST) states initiated by low energy impact as well as significant change of their optical properties and 

the preservation of metastable states for tens of years open wide perspectives for the application of 

these materials to fully optical devices [1]. In this work, we investigated the influence of the phase 

state and size of GST thin cover on the optical characteristics of on-chip silicon nitride O-ring 

resonator with different waveguide width. 

2. Experimental 

The rib waveguide of the resonator was formed the first stage of e-beam lithography and subsequent 

reactive-ion etching. We used the second stage of e-beam lithography combining with lift-off method 

for the formation of GST active region on the resonator ring surface (Fig. 1 a,b). The amorphous GST 

films with a thickness of about 20 nm were obtained by magnetron spattering target, and were capped 

by thin silicon oxide on their tops. Crystallization of as-deposited amorphous thin films was carried 

out using heating stage at the temperature of 250 °C for 30 minutes in argon. The microstructures of 

the a-GST and annealed GST thin films were characterized by the high‐resolution transmission 

electron microscopy (HRTEM) with fast Fourier transform (Fig. 1 c,f). 

3. Results and Discussion 

The measured transmission spectra for the fabricated devices with a-GST and c-GST covers in 

comparison with data for the uncovered O-ring resonator are presented in Fig. 1 e,i. It is seen that the 
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deposition of a-GST cover on the surface of the waveguide leads to a decrease of the optical power, 

transmitted through the waveguide (Fig. 1, e), and increase in the optical losses. Comparison of the 

optical transmittance for O-ring resonators with and without GST cover allowed to identify the change 

in the Q-factor and the wavelength peak shift.  

 

Figure 2 (a-f). (a) The optical micrograph of a fabricated O-ring resonator; (b) SEM image of the 

area with GST cover; (c, f) HRTEM images and Fourier transform patterns (insets); (d, g) 2D model 

cross sections of the resonators; (e, i) transmittance spectra for the fabricated resonators. Images 

(c,d,e) and (f,g,i) show the results for the a-GST and c-GST cover, respectively. 

Crystallization of the cover leads to a further change in optical transmission. It was observed that 

crystallization of amorphous GST film lead to a decrease of the transmitted optical power (Fig. 1, i). 

This can be explained by the differences of the complex refractive indexes of a-GST and c-GST thin 

films. From the measurement data, the GST effective refractive index was also extracted depending on 

the ring waveguide width of the resonator for a wavelength of 1550 nm. The influence of the GST 

cover length and the width of the waveguide in the ring part of the microcavity on the optical mode 

distribution was simulated based on the ellipsometric data and confirmed the experimental results. 
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Abstract.  In article the necessity of developing a method of the compensation of radiation-

induced losses in the fiber optic communication lines is substantiated. Reasons of appearance 

of radiation color centers in the optical fibers are considered. A method of increasing the rate 

of the relaxation processes after finishing the γ-radiation’s influence on the fiber optic 

communication line is developed. The received results are presented. 

1. Introduction 

Nowadays high-speed large data exchange is impossible without using the fiber optic communication 

lines (FOCL). Like other communication systems, FOCL are also subjected to the negative influences 

because of the human activity. There is γ-radiation among them. It is the most unpleasant because it 

changes the optical fiber’s properties. Optical signal power losses increase in the fiber. The recovery 

of FOCL’s parameters takes a lot of time after irradiation. During this time, it is very difficult to use 

them for information transfer. Moreover, prolonged influence of γ-radiation and the high doses of 

irradiation can lead to irreversible changes in FOCL. Most of the used fiber optic diagnostic devices 

are not able to establish the fact of the influence of γ-radiation on the fiber. Therefore, the tasks of 

establishing the fact of the γ-radiation’s influence on the FOCL and the development of a method of 

compensating losses are the actual tasks in applied Physics. 

 

2. The new method, experimental results and discussion 

The increasing of losses in the optical fiber is connected to the appearance the color centers. These is 

the microdefects, which appear after the radiation influence. The color centers appear as the result of 

the displacement and ionization effects [2]. The increasing of ionization atoms leads to the formation 

of the defects in the optical fiber. It discourages for information transfer.  The relaxation processes 

don’t allow to quickly eliminate these defects even after short-time exposure [2].  If the rate of the new 

color centers formation will be higher then the relaxation rate of the excisting color centers, the 

process of increasing the attenuation of the optical signal in the fiber will increase. As the result it can 

lead to the loss of information during the transmitting it via FOCL. 

    We conducted researches, which helped us to establish the following. The rate of the relaxation 

processes, which lead to the destruction of color centers, depends on several factors. There are the 

most significant of them: the optical fiber’s temperature and the optical signal's power, which 

transmits via fiber.  We was also established, that the rate of the relaxation of color centers (the value 

of radiation-induced losses αs) also changes according to the type of laser radiation, continuous or 

pulsed. This result helped us to develop a methodology of determining the presence of the fact of the 

influence of γ-radiation on FOCL 

    The analysis of the received results after research of the value of radiation-induced losses from laser 

radiation’s power helped us to suggest a new compensation method.  It is based on a using of 

additional high-power laser radiation with other wavelength, It’s necessary to note that there is no data 

exchange via FOCL during the measures to compensate the αs values. At the Figure 1 there are the 
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results of a study of the rate of change in the relaxation color centers from the power of additional 

laser radiation. There was full data exchange via FOCL during the experiments. 

 

 
 

Figure 1.  Dependence of the change in loss αs with time t at a wavelength of λ =1550 nm for a single-

mode fiber with a Si02 – GeO2 core (alloyage 1.5 %) at T = 294.2 K. Charts 1, 2, and 3 correspond to 

different laser radiation powers in mW: 0, 20, 40.  

 

     As an experiment example we used a single-mode fiber with an irradiation dose of 100 G. The 

additional laser radiation with a wavelength of λ =1310 nm was inputted in the optical fiber with using 

the multiplexer. The received results show that the increase of additional high-power laser radiation 

increases the rate of the relaxation of color centers in the irradiated optical fiber. Initial properties of 

the optical fiber were recovered. It was done for 100 sec during using the radiation with the power of 

20 mW and for 10 sec during using the radiation with the power of a 40 mW 

     This method significantly reduces relaxation time. The optical fibers were recovered for 108 sec 

without this method. A multiplexer is installed at the output of the optical fiber, in which signals with 

different λ are divided into two channels.In each channel there is a photodetector (one of them is for 

receiving information, other of them is for controlling irradiation power)  

3. Conclusion 

The received results show that the developed method is more effective for compensating the radiation-

induced losses than previously used. 

   Using the calibration dependencies αs from the power of laser radiation and pulse duration, it is 

possible to establish the fact of the γ-radiation’s influence on the FOCL 

    It was also established that in FOCL the interferences occur, when we use a high-power level of 

additional laser radiation. Therefore, we will continue our studies to solve this problem. 
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Abstract. We studied thermal relaxation of the second harmonic generation (SHG) observed in 

thermally poled soda-lime silicate glass. At least two relaxation processes could be 

distinguished. Determined activation energy of the fastest SHG relaxation process is equal to 

about 0.5 eV. This SHG relaxation occurs at temperatures essentially below ones, at which the 

thermally stimulated depolarization current (TSDC) measurements show the relaxation of the 

spatial charge formed in thermal poling of the glasses. This confirms that SHG in poled glasses 

is not mostly conditioned by the “frozen” spatial charge and electric field of this charge.  

Introduction 

Thermal poling (polarization) of silicate glasses is known to result in structural and compositional 

changes in their subsurface layer. Poled glasses also demonstrate properties of anisotropic optical 

media: linear electrooptic effect, second harmonic generation (SHG), etc. [1,2] which are of interest 

for optoelectronics. According to the prevalent point of view [3], the anisotropy originates in the static 

electric field created by the spatial electric charge formed in glasses in poling and “frozen” after their 

cooling. However, in the previous study [4], we have demonstrated that in the heating of poled glasses 

the complete relaxation of the SHG signal precedes the spatial charge relaxation process which takes 

place at essentially higher temperatures and is confirmed by the TSDC (thermally simulated 

depolarization current) measurements. Here we present the studies of the kinetics of the SHG 

relaxation. 

Experimental and results 

A soda-lime glass (1 mm thick microscope slides) were poled at 300 OC and 1 kV DC voltage for 40 

min. The intensity of the SHG signal in poled sample was measured using Maker fringes technique 

[5]. The isothermal kinetics of the signal relaxation (decay) in the temperature range 150 – 190OC 

(with 10 OC step) was recorded (see Fig.1a). The character of the kinetic curve in Fig. 1a evidences in 

favour of two processes taking place in the SHG relaxation; one of them is fast and another is slower. 

Thus, it appears that the relaxation process can be described by the sum of two exponential functions: 

𝐼(𝑡) = 𝐼1𝑒𝑥𝑝(− 𝑡 𝜏1⁄ ) + 𝐼2𝑒𝑥𝑝(− 𝑡 𝜏2⁄ ), where I is the SHG intensity, I1 and I2 are the constants, t is 

the time, τ1 and τ2 are the relaxation times of the fast and second relaxation processes, respectively. 

From Fig. 1a it follows that the relaxation time of the slow process (τ2) is much higher than the one of 

the fast process (τ1). For rough evaluation of values τ1 at different temperatures, we neglected the 

presence of the slow process for time <1000 sec and approximate relaxation kinetics in this time 

interval using a single exponential function. To evaluate the activation energy of the fast process, W, 

we plotted the Arrhenius graph: ln(τ) vs 1/T, where T is the temperature. This graph is shown in Fig. 
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1b, and it was used to calculate the activation energy of the fast process: 𝑊 = 𝑘 × 𝑑(𝑙𝑛𝜏)/𝑑(1 𝑇⁄ ), 
where k is the Boltzmann constant. Calculated activation energy is equal to ~0.5 eV. 
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Figure 1. (a) SHG relaxation at different temperatures, (b) Temperature dependence of the relaxation 

time of the fast process: red line is the result of the approximation with linear function; figures at the 

points are the values of calculated relaxation times in sec. 

Discussion 

SHG relaxation curves shown in Fig. 1a correspond well to a single exponential function in the first 

1000 sec time interval. Evaluated activation energy of the fast relaxation process which dominates in 

this time interval is equal to about 0.5 eV. It is worth noting that in accordance with TSDC study [6], 

the relaxation of “frozen” spatial charge (charge carriers redistribution) is negligible in the temperature 

range used in the present research, and the main relaxation of the spatial charge takes place above the 

glass transition temperature with activation energy equal to about 3 eV. In fact, in the temperatures 

below 200 OC, TSDC, that is, thermally simulated depolarization current, is extremely low and hardly 

measurable. Thus, the present research confirms that the appearance of SHG signal in poled glasses is 

not mostly conditioned by the spatial “frozen” charge and electric field of this charge. By now, the 

microscopic mechanism of the SHG relaxation process characterized by activation energy 0.5 eV is 

not identified.  

Conclusion 

Thus, performed studies allow concluding that only a negligible part of charge carriers redistributed in 

thermal poling of the glass and forming the spatial charge is responsible for the SHG. 
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Abstract. We experimentally demonstrate strong temperature dependence of the critical current 

of the superconducting 600-nm-wide and 5-μm-long bridge made of NbN/Au bilayer. The result 

is achieved due to the proximity effect realized between the highly disordered superconducting 

NbN layer and low resistive normal metal Au layer. 

1. Introduction 

Single photon detection by superconducting NbN strips of micron width [1] demonstrate that in a 

practical single-photon detector made of several-micron-wide NbN strip the critical current must be 

close to Ginsburg-Landau depairing current. To achieve this, the superconducting strip must be of high 

homogeneity with the minimum of geometric constrictions. This goal is a technological challenge, as 

superconductor with high normal state resistance has a spatially fluctuating superconducting energy gap 

and the critical current in it is usually determined by a weak point. As a result, the measured critical 

current is much lower than the depairing current. 

A promising approach can be a usage of a bilayer consisting of highly disordered (with high normal 

state resistivity) superconductor (S) and a good (low resistive) normal metal (N) films. An increase of 

critical current was theoretically predicted and experimentally demonstrated in NbN/Ag and NbN/Al 

bilayers [2]. The authors explain the increase of the critical current in the SN layer compared to a single 

S-layer by the fact that injected supercurrent is redistributed in such a way that the largest part of the 

current flows via the N-film without dissipation due to proximity effect. Besides, their results 

demonstrate that proximity induced superconductivity in N-film is weakly sensitive to local 

inhomogeneities of the superconductor, therefore there are no requirements for high quality of the 

superconducting film. 

2. Experimental results and methods 

Our samples are made of NbN/Au bilayer film according to the recipe of ref. [2]: the ratio of resistivities 

of S-layer in normal state and N-layer and are chosen of about 50. The thickness of the S-layer dS is 

equal to 1.6 of the coherence length ξ and the thickness of normal metal dn is 3.8ξN, where ξN is the 

coherence length in normal metal near the border with the S-layer. The NbN and Au layers are deposited 

in in-situ process by DC-magnetron sputtering. Then the wafer is cut in two pieces and the Au layer is 

removed from one of them by chemical etching. This piece of the wafer is used further as a reference to 

monitor the properties of the S-layer. For our experiment the samples are patterned as 600-nm-wide and 

5-μm-long strip (bridge) as shown in the inset of Fig 1(a). The zoomed-in SEM image in the inset of Fig 

1(a) shows a noticeable granularity of the Au surface. To prove the presence of the proximity effect, we 

measure critical temperature Tc of the bilayer film and compared it with the Tc of the reference NbN 

film. The blue curve in Fig 1(a) is the resistance vs temperature of the bilayer. It has two transitions: the 
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larger one which is 80% of the normal state resistance takes place at 6.3K and corresponds to the Tc of 

the bilayer, while the smaller one corresponding to 20% of the normal state resistance is observed at 9K 

and we attribute it to non-homogeneous quality of the bilayer: there are regions where there is no 

proximity effect due to bad contact between Au and NbN layers. The red curve in Fig 1(a) is for the 

refence NbN film and has Tc of 9.7K. 

Figure 1(b) shows the dependence of the critical current on the temperature which is important for the 

feasibility of the bilayer for practical devices. The black curve is the depairing current calculated for the 

reference NbN film by the Bardeen formula [3]: Idep(T)=Idep(0)*[1-(T/Tc)2]3/2, and 

Idep(0)=0.74*(w*∆(0)3/2)/(e*Rs*(h*D)1/2), where w is the width of the sample, ∆(0) is the 

superconducting energy gap at zero temperature, e is electron charge, Rs is sheet resistance (575 Ω), D 

is diffusion coefficient which we take 0.34 cm2/s. The critical current of the reference NbN film (red 

curve) follows the theoretical Idep(T), while Ic(T) for bilayer at T/Tc=0.2 is 3 times higher than the Idep for 

single NbN layer.  

We hope that this research gives us an opportunity to use the bilayer system for improving the 

characteristics of the future superconducting single-photon detectors. 

 

  

Figure 1. (a) Temperature dependence of the sheet resistance Rs normalized to the sheet resistance 

at 20K temperature Rs(20K) for NbN/Au bilayer (blue) and reference single NbN layer (red). The 

inset is the SEM image of the sample which is NbN/Au 600-nm-wide and 5-μm-long bridge and the 

zoomed-in surface of the Au layer. (b) Temperature dependence of the critical current Ic normalized 

to the depairing current at 0 K temperature Idep(0) for the NbN/Au bridge (blue), reference NbN film 

(red) and theoretical dependence Idep(T) (black). 
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Abstract. Using an example of a real-world data set, it is shown that the accuracy of
the image classifier  based  on  a  convolutional  neural  network  does  not  deteriorate
when  using  only  one  color  channel.  The  binary  diffractive  optical  element  was
calculated,  which allows to increase the imaging system depth of field by several
times.  This  is  achieved by  using  the  different  color  channels  for  various  defocus
values.  A  comparison  of  the  MTF  curves  of  the  original  and  apodized  imaging
systems for a given minimum acceptable value of image contrast is presented. 

1. Introduction
Image classification refers to one of the tasks in the implementation of computer vision. For example,
an image classification algorithm may be developed to determine if the image of the number on the
container in the warehouse corresponds to the number of the container that the robot should move.
Although such a task is  trivial  for  humans,  reliable  classification of  images is  still  a  problem in
computer vision applications. The task is even more complicated if the analyzed image is distorted, in
particular defocused.

Optical systems are known to be sensitive to defocusing and chromatic aberration. An increase
in the depth of field of the optical system makes it possible to weaken this sensitivity and its negative
consequences in blurring defocused images. However, a simple increase in the depth of field (DOF)
by reducing the pupil or numerical aperture of the system leads to deterioration in resolution. One way
to increase DOF without degrading resolution is to “encode” the wavefront, which is actually a phase
apodization of the pupil of the lens [1-3]. As a rule, apodization is accompanied not only by positive
effects (an increase in DOF and a decrease in the size of the focal spot), but also by a significant
change in the structure of the point scattering function (PSF) and the growth of side lobes.

In the task of classifying images, specific requirements are imposed on the imaging system. In
particular,  in  this  paper  it  is  shown that  for  a  relatively reliable  classification of  the  image,  it  is
sufficient to have a focused image in only one color channel. This observation is based on the study of
only one data set.  However,  it  logically follows from the very specifics of the task,  in which the
structure of the object is important, not its color.

2. Results
To  classify  the  images  we  use  a  VGG-like  convolutional  neural  network  (CNN).  The  CNN
architecture contains seven convolutional layers and two fully connected layers. As training data for
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CNN, the Street  View House Numbers  (SVHN) dataset  is  selected.  SVHN is a real-world image
dataset  that  contains  about  70000  digits  for  training  and  25000  digits  for  testing.  CNN  was
consistently trained in three conditions: (1) on color images (3 color channels), (2) on images that
contained two color channels, and (3) on images that consisted of one color channel. For all cases, the
classification accuracy on the test data was about 93%. Thus, it was concluded that one color channel
is sufficient to classify the images of the SVHN dataset. Given the variety of lighting conditions, color
palettes, and image position angles in SVHN, this conclusion can probably be generalized to other
similar data sets, where the structure of the object is important for classification, not its color. For the
last CNN layer, the softmax activation function was used, which calculates the probability of correct
image classification. This, firstly, made it possible to demonstrate a decrease in CNN “confidence” in
the  correct  classification  for  defocused  images.  Figure  2  (a)  show an  example  of  test  image  of
defocused image of either “1” or “3” and bar graph of classification probabilities. The probability bar
graph to the right of the image reflects this uncertainty. Secondly, the calculated probabilities for each
color channel allow you to choose the most reliable channel for classification. 

a) b) c) d)

Figure 2. (a) an example of test image and bar graph, (b), (c), (d) MTF plots for defocused images.
Binary  diffractive  optical  elements  introduce  significant  chromatic  aberration.  As  a  rule,  the
compensation of these aberrations requires additional efforts in optimizing the optical element. In this
work, chromatic aberration was used to optimize PSF separately for each color channel in order to
increase DOF. For this, the phase apodization of the aperture using a radially symmetric (ring) binary
phase element is used. When optimizing this element, the value of the maximum resolvable frequency
is set  (in fractions of the cutoff  frequency, 0.5 was set) and the value of the minimum allowable
contrast at this frequency (20% was set). The optimized parameters are the height of the phase ring
and its inner radius (the normalized outer radius is assumed to be 1). Figures 2 (b), (c), (d) show MTF
plots for the source and apodized imaging systems. These graphs are calculated for various defocus
values. We assume that the imaging system (aperture 1.8 mm) is focused at a distance of 1.2 m from
the lens. Figures 2 (b), (c), (d) show MTF at distances of 1.2, 0.65, 0.4А, Samara, Russia4А, Samara, Russia m, respectively. Comparison
of MTF plots for the initial and apodized imaging systems allows us to conclude that in the apodized
system the focus depth is increased by about an order of magnitude.

3. Conclusions
The  binary  optical  element  for  phase  apodization  of  the  pupil  function  of  the  optical  system  is
calculated.  This  optical  element  provides  an increase in  the  depth of  focus of  the  optical  system
through at  least  one color  channel  for  a  certain value on the optical  axis.  The calculated optical
element  can  be  used  in  machine  vision  problems  for  image  classification.  Using  the  appropriate
training data set, the obtained results can be generalized, for example, to the task of classification
examination of ships and offshore structures.

4. Acknowledgements
The work was funded by RFBR, projects number 19-29-01235 мк, 18-07-01390 а.

References
[1] Bagheri S, Javidi B 2008 Opt. Lett. 33 757
[2] Reddy A N K, Khonina S N 2018 Appl. Phys. B 124 229
[3] Elmalem S, Giryes R, Marom E 2018 Opt. Express 26 15316

361



Optical Spectroscopy of a Resonant Bragg Structure with 100 

InGaN Quantum Wells 

A A Ivanov1,2, V V Chaldyshev1,2 

1 Peter the Great St. Petersburg Polytechnic University, St. Petersburg 195251, Russia 
2 Ioffe Institute, St. Petersburg 194021, Russia 

 
Abstract.  The optical reflectance and transmittance spectra of a periodic InGaN semiconductor 

heterostructure with 100 quantum wells are studied at room temperature. Numerical modeling 

with a single set of parameters gave a quantitatively accurate fit of the experimental reflection 

and transmission spectra in a wide wavelength range. The radiative decay parameter is 

determined to be 0.25 meV. 

1. Introduction 

An optical medium with periodic perturbations on the dielectric susceptibility shows an enhanced light-
matter interaction when the periodicity-related Bragg resonance meets the resonant frequency of the 

perturbations. Such a medium can be realized via a sequence of quantum wells (QWs) with poles in the 

dielectric susceptibility provided by excitation of the quasi-two-dimensional excitons. The collective 
behaviour of the excitonic system in response to the electromagnetic field gives rise to a superradiant 

optical mode that transforms into the photonic band gap when number of periods becomes large. Such 

resonant Bragg structures (RBS) are quite attractive for all-optical and electro-optical applications since 

the excitonic states are sensitive to external and internal electric fields. 
Unfortunately, most of semiconductor materials and nanostructures exhibit exciton resonance 

only at cryogenic temperatures due to a small exciton binding energy. When room-temperature 

operations are required, wide-band-gap III-N compounds seem to be materials of choice. In fact, the 
binding energy of excitons in GaN is ~ 20 meV, which is comparable with thermal fluctuation energy 

at room temperature. This fact allowed to observe double exciton-Bragg resonance at room temperature 

in an RBS composed of 60 InGaN/GaN QWs [1].  

In this paper we studied optical properties of an RBS composed on 100 periods of InGaN/GaN 
QWs. 

2. Sample, experiment and analysis 

Structure was grown by the metal-organic vapor-phase epitaxy (MOVPE). After the growth of the buffer 
layer, the major part of the structure was grown with 100 InGaN 2.4 nm thick QWs separated by GaN 

barriers. Optical reflectance and transmittance spectra were studied at room temperature for different 

polarization of the incident light. Computer-based simulation (fitting) of the spectra was performed 
using the method of transfer matrices. The matrices of transfer through the QW layers were formed on 

the basis of formulas for exciton-related reflectance and transmittance derived by Ivchenko [2]. 

3. Results and discussion 
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Fig. 1 shows the reflectivity spectrum in a vicinity of the main peak corresponding to fulfilment of the 

Bragg condition near resonant frequency of QW excitons. The Bragg peak has a specific fine structure 

and appears on the background of the Fabry–Perot oscillations. The Fabry–Perot oscillations are 
pronounced at the long-wavelength side but diminish at the opposite side when approaching the GaN 

fundamental absorption edge at 365 nm.  

 

Fig. 2 shows experimental and calculated optical transmission spectra. The Fabry–Perot oscillations, 

which attenuate in the short-wavelength region, can also be seen in the above spectra. The fine structure 

is also observed at the wavelength of Bragg resonance. 

The results of the calculations are shown in Fig. 1 and 2 along with the corresponding experimental 

curves. The best-fit parameters of the calculations are as follows: resonant energy of the QW excitons 

is 3.15 eV, their radiative decay parameter is 0.25 meV and the nonradiative decay parameter is 40 meV. 
Our calculations successfully describe the fine structure of the Bragg peak originated from the deviation 

of the exact periodicity of the structure.  

4. Conclusion 

Our experimental study revealed noticeable enhancement of the light reflection from the InGaN RBS 
with 100 periods. Numerical simulations showed a reasonably good agreement with the experimental 

reflectivity and transmission spectra. It allowed us to determine the parameters of the QW excitons. It 

is apparent that the excitons in the InGaN RBS are well suitable for room temperature operations. 
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Fig. 1. Reflectance spectra of the structure 
under study. Curve 2 is the experimental 
spectrum, curve 1 is the calculated spectrum. 
The angle of incidence of light is 20°, S 
polarization, room temperature. 

Fig. 2. Transmittance spectra of the 
structure under study. Curve 2 is the 
experimental spectrum, curve 1 is the 
calculated spectrum. The angle of incidence 
of light is 20°, S polarization, room 
temperature. 
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Abstract. Indocyanine green is a tricarbocyanine dye, that is stable in human blood plasma and 

can be completely eliminated by liver in several days. Due to its properties it can be used to 

assess the metabolic liver function. We present optical densitometry device and theory for 

taking measurements of concentration of indocyanine green in patient’s blood in vivo.  

1. Introduction 

Dynamic assessment of liver function can be critically important for patients before and after liver 

surgery. There is a number of methods to diagnose and predict course of liver condition. Analysis of 

blood samples for special contents incudes blood sampling from a patient which is not always 

available option, and also it takes a lot of time to get results. Ultrasound scan, MRI and computer 

tomography scan can show liver form, structure and appearance, but they are not capable to measure 

liver function. [1, 2] 

There is a method based on measurement of disappearance rate of a dye injected to patient 

intravenously. Indocyanine green is popular solution by reason of it can be easily detected in patient’s 

body by optical methods, because it has notable peak of absorption spectrum in near infrared section. 

Bounded with plasma indocyanine green has absorption peak on 805 nm [2, 3]. 

Measurement of plasma disappearance rate of indocyanine green with light sensor is approved 

method for assessment of liver function [2-4], but existing commercial realization – LiMON device 

(Pulsion, Germany) – does not give complete data set of measurement process and also is quite 

expensive. Our sensor and processing system design is aimed to be cheaper and to give the full access 

to the data collected. 

2.Theory of solution concentration measurement 

Optical densitometry method is based on the Beer–Lambert–Bouguer law which describes intensity of 

light transmitted through the solution. 

  𝐼(𝑧) = 𝐼0 exp(−𝑋𝑐𝑧) (1) 

where I0 – reference light intensity, z – light path length through solution,  

I(z) – intensity of light traveled distance z, c – solute concentration, X – coefficient describing light 

absorption by one particle depending on wavelengths. 

To calculate the concentration of solution first we have to determine I0 value which is equal to 

intensity of transmitted light when solute concentration c is zero. Also we need to determine 

coefficient X, taking into account diode emission spectrum, dye absorption spectrum and photodiode 

spectral sensitivity. Alternatively X can be calculated in serial experiments with known concentration. 
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  𝑐 = −
ln(

𝐼(𝑧)

𝐼0
)

𝑋𝑧
  (2) 

3. Experimental setup 

To test optical densitometry method before applying it to measure the concentration of indocyanine 

green in patient’s blood, we use the following scheme (see Fig. 1). Light from the emitting diode 

(peak wavelength 808 nm) passes through cuvette with the studied solution and finger (to calibrate 

setup for finger-clip sensor design) and is received by photo detector. The microcontroller is applied to 

operate light-emitting diode, to control and collect data from photodetector (I
2
C protocol) and to 

transmit data by USB interface. 

Measurements proceed by the following method. A number of solutions of different concentrations 

are prepared. Then we take measures of transmitted light intensity for every concentration. 

As a result, we have series of measurements, which can be used to calculate coefficient X for our 

setup, or to calculate concentration of solution, if we take X as known.  

 

Figure 1. The experimental setup: 1 ― cuvette; 2 ― emitting diode;  

3 ― photodetector; 4 ― microcontroller; 5 ― USB interface. 

4. Results and conclusions 

In this work optical densitometry device and theory for taking measurements of concentration of 

indocyanine green are presented. We demonstrated the basic principles of light absorption in solution. 

The theory we suggested allow concentration measurements by referent method. Experimental results 

and comparisons to theoretical calculations will be demonstrated in full paper.  
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Abstract. The research is aimed to investigate the influence of optical pumping on optical 

properties of thin film bismuth in terahertz frequency range. Experimental results were obtain 

using terahertz time-domain spectroscopy technique and showed strong tunability for optical 

pumping of different values of power. Due to its properties thin bismuth film becomes a 

promising alternative platform for realizing tunable hyperbolic medium. 

1. Introduction 

Nowadays active research work is developing in the field of electromagnetic metamaterials. They have 

far more advantages in comparison with ‘ordinary’ materials, because metamaterials are composite 

structures in its nature with specific geometrical configuration which allows to design brand new 

materials not existed in nature and often possessed exotic properties. The opportunity of setting up the 

geometrical parameters gives us a space for creativity and afford create composite media with desired 

properties. Still, there are a lot of restrictions on fabrication and properties of the ‘ordinary’ materials 

which make up the composit [1]. 

In this work bismuth has a hyperbolicity of optical parameters in terahertz and far-infrared frequency 

range what makes it a perfect addition to the set of ‘ordinary’ materials of use. The tunability of optical 

parameters of the bismuth with external force will have such useful applications in terahertz photonics 

such as sensor development, imaging and development of telecommunication systems. 

 

2. Results 

 

The crystalline structure of the Bi film is an altered structure of the massive Bi. The thermal spraying 

method is used with the spraying mode: spraying temperature 70 ◦C and annealing at 180 ◦C for 30 

minutes to create bismuth films. Mica (17 µm thick) and polyimide (42 µm thick) are used as a 

substrates. Such a regime allows to obtain thin bismuth films on dielectric with the same crystallographic 

orientations of the trigonal axis. The triangles directed in opposite directions are separated by crystallite 

boundaries. From the point of view of transport phenomena, such an inversion almost does not introduce 

restrictions. The main scattering factor in the films is the thickness (classic size effect)30. The thin-film 

crystal is a deformed quasimonocrystal (0.7 GPa as estimated) for charge carriers [2]. Thin film 

thicknesses were checked using the Linnik interferometer. 
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The measurements were performed using terahertz time-domain spectroscopy technique [3]. The 

processing of measurements has done using 4th order coiflet-based denoising technique and rectangular 

signal windowing, which allowed to obtain noise-free spectra in the 0.25-1.0 THz range. Simple 

windowing was performed to exclude noise in low-frequency part of spectra. 

Figure 1(a-d). (a) Waveforms of terahertz pulses obtained using THz-TDS; (b) components of the real 

part of the permittivity of thin film bismuth with thickness 40 nm; (c) 120 nm; (d) 160 nm. 

 

3. Conclusions 

In conclusion, it has been demonstrated that a structure composed of bismuth and dielectric layer can 

show hyperbolic behavior in the THz frequency range, where tuning can be achieved by changing the 

power of optical pumping. The work indicates that the bismith-based structures are a promising 

alternative platform for realizing tunable hyperbolic medium. 
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Abstract. In this paper, we demonstrate the results of a study of the optical absorption 

properties of graphene integrated on silicon nitride O- ring resonator circuit. We fabricated an 

array of O-ring resonators with a different graphene coverage area on it. By measuring the 

transmission spectra of micro resonators with and without graphene, we calculated the 

absorption coefficient of the graphene-waveguide integrated circuit. 

1. Introduction  

The combination of the unique electronic and optical properties of graphene makes it an ideal 

candidate for use in nanophotonic optoelectronic devices [1]. Due to graphene properties: 
electroabsorption and electrorefraction, it can be used in modulators and switches, photo-

thermoelectric devices [2]. Also, graphene can be easily integrated into various passive photonic 

platforms, such as Si, silicon nitride (SiN), and silicon dioxide [2].  
 In this article, we integrated graphene on O-ring resonators and investigated its absorption 

properties on its length.  

 

2. Device design and fabrication 
For experimental verification of the absorption properties of graphene devices, we have designed an 

array of O-ring resonators, shown in Fig. 1 (a-b). For array of 144 devices in horizontal direction the 

width of waveguide is varied form 1,7 µm to 3.08 µm. In vertical direction the gap is varied form 686 
nm to 2.52 µm. 

 For the device fabrication, we used commercial available 450 μm thickness silicon wafers with 

2.6 μm thermally oxidized layer and low pressure chemical vapor deposited (LPCVD) 450 nm layer 
Si3N4 on a top. Our photonic devices, depicted in Fig 1(a-b), were fabricated by e-beam lithography 

(Crestec, CABL-9500C) using positive resist ZEP 520A as a sensitive layer. After development, resist 

was used as a protective mask in the reactive ion etching in CHF3 atmosphere to remove Si3N4 inside 
resist window. Then the resist was removed using acetone as a remover.  

 Graphene was synthesized by cold-wall chemical vapor deposition method on copper foil from 

gas mixture of methane, hydrogen and argon with pressure 100 mbar and at temperature 850 °C. The 

synthesized on copper foil graphene was transferred onto device by standard “wet” transfer using 
PMMA as support layer and etching copper foil in ammonium persulfate solution. To form rectangular 

areas of graphene with a variable dimensions, optical lithography was used with AZ1505 resist. The 

width of the areas varies from 10 to 70 µm in increments of 10 µm. Afterwards unprotected graphene 
is removed by O2 plasma etching. 

 

3. Experimental setup and results  
To obtain the absorption coefficient, we measured the transmission spectra of O-ring resonators before 
and after graphene deposition on the following scheme. The light from the tunable laser source 

(NewFocus TLB -6600 with tune range 1510-1620 nm) passed through the polarization controller and 

fiber array to to be collected by focusing grating coupler (FGC) on the chip [3].  To digitize data a fast 
photodetector, as well as a fast analog-to-digital converter, was used. 
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Figure 1 (a-d).  (a) Enlarged SEM image of the resonator waveguide with graphene on it, graphene 
is the black area. (b) SEM image of array of O-rings with graphene atop.  (c) The draw of the O-ring 

resonator. The pink areas correspond to the positive resist buffer.  (d) Graphene absorption on 

different lengths. The red line is a linear fit, showing graphene absorption rate. (e) Part of the 

normalized O-ring transmission spectra with 10 μm graphene width (black line) and without it (red 
line).  

 

On the transmission spectra, firstly we determined the maxima due FGCs. On the second step, 
we chose resonance picks and fitted them by Lorentz function, which helps us to determinate 

resonance wavelength and full width at half maximum with high precision. Thus, we have obtained Q-

factors of rings before and after graphene deposition. 
The dependence of the effective absorption coefficient of graphene αeff [dB/µm] can be found by 

the following expression: 

 𝛼𝑒𝑓𝑓 = 10 log10 𝑒
4𝜋2𝑅𝑛𝑔

𝜆0𝑙
(
1

𝑄𝑎
−

1

𝑄𝑏
)  , (1) 

   
 where R is ring radius (R = 117 µm), ng is group refractive index, λ0 is the central wavelength of 

the resonance peak, Qa and Qb are Q-factors without and with graphene, respectively, αeff is the 

effective absorption coefficient of the structure graphene-waveguide and l is graphene length. 
 Thus, we determined the graphene absorption on its length (Fig 1(d)). The linear fit and 

extrapolation of this data allow us to find absorption coefficient per unit length of grapheme was found 

as αeff = 0.037±0.003 dB/µm.  In comparison with other articles, where αeff = 0.067±0.004 dB/µm [4] 
and 1.26 dB/µm [5] we have a lower coefficient value, we associate this with a wider waveguide 

compared to other works, leading to lesser interaction of graphene and evanescent mode. 

 

4. Conclusion 
Thus, we fabricated nanophotonic devices based on graphene and characterized its optical absorption. 

We found αeff = 0.037±0.003 dB/µm. In future work, we are going to produce fully integrated circuits 

with graphene including sources, modulators and photodetectors. 
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Abstract. In this work, we research structures whose characteristic sizes correspond to several 

wavelengths of exciton radiation in the material, and the frequency interval between the 

eigenmodes is comparable or smaller the value of Rabi splitting between the exciton and photon 

modes. The distribution of the eigenmodes of the square-shaped cavities by frequencies and Q 

factors is presented. The formal structure of the emission spectrum was simulated for square-

shaped cavities in the case of the implementation of the strong and weak coupling regimes 

between exciton and photon modes. 

 Recently, new nanostructures grown by selective area metal-organic vapor phase epitaxy were 

presented in [1, 2]. Several peaks were observed in the low-temperature cathodoluminescence spectrum 

of these nanostructures. Such behavior can be associated with the interaction of the exciton and photon 

modes in these structures. These structures are characterized by large sizes (of the order of 10 

wavelengths of exciton radiation in the material) and a dense spectrum of eigenmodes. In this paper, we 

study these structures. 

 For these structures, we consider the full system state, which is described by the density matrix 

𝜌, and its evolution is determined by the equation 𝜕𝑡𝜌 = ℒ𝜌 with the Lindblad terms in the Liouvillian 

ℒ, accounting for damping [3]: 

 ℒ𝜌 = 𝑖[𝜌, 𝐻] +
𝛾0

2
(2𝑥𝜌𝑥+ − 𝑥+𝑏𝑥 − 𝜌𝑥+𝑥) + ∑

𝛾𝑘

2
(2𝑎𝑘𝜌𝑎𝑘

+ − 𝑎𝑘
+𝑎𝑘𝜌 − 𝜌𝑎𝑘

+𝑎𝑘)𝑘   (1) 

where 𝐻 =  𝑤0𝑥+𝑥 + ∑ 𝑤𝑘𝑎𝑘
+𝑎𝑘𝑘 + ∑ 𝑔𝑘(𝑎𝑘

+𝑏 + 𝑎𝑘𝑏+)𝑘 , 𝑤0 is the exciton frequency, 𝑤𝑘 are the 

frequencies of cavity modes, 𝑔𝑘 are the constants, describing the exciton-photon interactions, and  𝑥, �̂�𝑘 

(𝑥+, �̂�𝑘
+) are the operators of annihilation (creation) of exciton and photons, respectively. 𝛾0 and 𝛾𝑘 are 

rates of damping of the emitter and the cavity respectively.  

 Then, the first-order correlation functions necessary for modeling the formal structure of the 

spectra are calculated. Finally, a spectrum is modeled for square microresonators in the case of strong 

and weak coupling [3]: 

     S(w) =  〈𝑎+(𝑤)𝑎(𝑤)〉     (2) 

 This analysis will make it possible in the future to predict under what conditions it is possible to 

realize the strong and weak coupling between light and matter in the presence of a large number of 

eigenmodes of the system interacting with exciton resonance. 
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Abstract. This article discusses the effect of temperature changes in the information 

transmission channel in fiber-optic communication lines. The results of an experimental study 

are shown for various cases of the effect of temperature changes on direction finder elements. 

1. Introduction 

At this point of time there is a great number of methods determining the location (coordinates) of various 

objects. These methods can be divided into three types (by the principle of the station): active, passive 

and combined. The combined methods are mainly used in space systems for determining the coordinates 

of an object on Earth or in the solar system. The active methods are mostly used in radar stations (RLS) 

of various locations. Passive methods are used to detect ground-based or submarine-based radio sources. 

To determine the sources of radio emission on air objects this method is auxiliary to RLS. The most 

accurate among the passive methods of direction finding are the amplitude and amplitude-phase. For 

ensure high accuracy in phase direction finding method need to create the large base between receiving 

antennas (hundreds of meters). In addition, the equipment for receiving and processing information 

should also be located at a considerable distance from the antennas. 

   For high accuracy in determining the coordinates of the desired object, it is best to use fiber-optic 

communication lines (FOCL). Using the FOCLs is a solution the problem of large signal losses during 

the transmission of information that appear when using microwave cables [1-3]. The main negative 

factor for the use of VOLS is the temperature. In the transmitted optical signal the change of temperature 

leads to a phase shift (foray) δφ [4]. This leads to a change in temperature of the fiber, which causes an 

additional phase shift δφ in optic fiber. In case of large value of δφ, the difficulties arise when using 

time-phase and amplitude-phase method of direction finding for object coordinates determination. 

Therefore, for each design of radio direction finder it is necessary to investigate the effect of temperature 

on phase shifts during transmission of the microwave signal in the optical line. 

2. Experimental research of  temperature difference influence on the phase difference 

in the optical channel and results discussion. 

The features of the equipment operation in the direction deep-sea finding station in the experimental 

setup for the research developed by us have taken into account. These features are related to the facts, 

that depending on the deep-sea radio direction finder design and the conditions of its location in a 
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number of radio direction finder units, it is not possible to provide a thermal insulation, including optical 

fiber. 

    With the use of the experimental setup, we studied the effect of temperature on the phase difference 

of the two optical channels. In addition, the experimental setup allows us to investigate the intrinsic 

noise dependence of the entire optoelectronic tract from temperature and the dependence of the 

transmission coefficient of FOCL on the frequency of the microwave signal for different temperatures. 

In figure 2 as an example is presented the dependence of microwave signal phase advance δφ in optic 

channels from temperature change only for FOCL or for all equipment of optoelectronic tract. 

 

 
 

Figure 1. Dependence of phase incursion on time. Graph 1 and 2 correspond to the following 

temperature changes from 284 K to 294 K: 1 - the temperature of only the fiber optic link changes, 2 - 

the temperature of the entire equipment changes. 

 

    Analysis of the results shows that the foray δφ for each of the channels does not significantly differ 

from each other, if the FOCL is placed side by side in a single retractable probe. The temperature 

difference in different FOCL must not exceed 0.2 K in the finder in a few hours. 

3. Conclusion 

The obtained research results show that long-term significant temperature changes at a frequency 

of 18 GHz (wide band diaper) do not create a phase difference of more than 12 degrees between channels 

[4]. With decreasing frequency the phase difference is reduced accordingly. The resulting phase 

difference is acceptable for rough direction finding system that performs instant radio review space. 
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Abstract. Edge emission of ZnO grown on r-sapphire using catalysis with Ag under- and 

interlayer was studied. The synthesized structures showed lasing of different nature depending 

significantly on ZnO morphology. Random lasing was observed from ZnO nanowalls grown on 

Ag-coated substrates. In the case when ZnO was regrown on top of ZnO with Ag coating, lasing 

is attributed to the optical modes of individual crystals. 

1. Introduction 

Silver thin films and nanoparticles (NP) are known to significantly influence the spontaneous and 

stimulated emission properties of ZnO via surface plasmon resonance in the ZnO near band edge region 

[1,2]. However, this influence is determined by various factors, such as shape and size of NPs, ZnO-

metal distance, excitation fluence, not mention that such coatings deteriorate in the air ambience [2-4]. 

This forces one to perform additional control during fabrication, which complicates it and increases its 

cost. 

On the other hand, the effect of Ag on the ZnO optical properties may be indirect, in particular, by 

changing morphology of ZnO during its growth. This, avoiding above-mentioned difficulties, may result 

in significant changes in ZnO emission characteristics. In the present work, we show this on the example 

of ZnO structures grown on r-sapphire. 

2. Experimental 

ZnO was grown from gaseous phase. Three types of samples were fabricated and compared. The 

samples of the 1st type (T1) are ZnO on bare substrates. The 2nd type ones (T2) were grown on substrates 

coated with 8 nm thick Ag film (ZnO/Ag). The part of T1 samples were coated by 8 nm Ag with further 

ZnO regrowth. These ZnO/Ag/ZnO structures are of the 3rd type (T3). Excitation of ZnO emission was 

performed by the 3rd harmonics of pulsed Nd:YAG laser. 

3. Results and discussion 

Fig.1 shows SEM-images of the samples. The first thing we noticed is T2 morphology in form of 

vertically aligned nanowalls that was significantly different from those of T1 and T3. Further, 

morphologies of T1 and T3 were similar only at first glance. Both structures consist of disordered with 

respect to the substrate crystals of different shapes and sizes. However, many crystals of T1 are very 

thin and resembles ZnO nanosheets, while crystals of T3 are mostly rather large with some of them 

having hexagonal shape. 
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The morphology change reflected significantly on emission properties of the samples. In this respect, 

the main difference of T2 and T3 from T1 is the demonstration of laser action. Moreover, lasing 

behaviors differ in T2 and T3. Under slight shift of the excitation spot on the sample, laser modes change 

in T2 and preserve their positions in T3 under one pulse excitation. While the spectral positions and 

intensity ratios of the laser peaks were constant in T3, they vary somewhat in T2 from shot to shot at 

the constant excitation level. This results in smoothing of the T3 lasing profile under signal averaging 

over several excitation pulses, while it retains its shape in the case of T3. According to spectral behavior, 

we attribute laser action in T2 to random lasing, while in the case of T3 lasing is excited at the 

eigenmodes of individual crystals. Fig. 2 shows averaged lasing spectra of T2 and T3. 

 

 

 

Figure 1. SEM-images of T1 (a), T2 (b), T3 (c). 

Figure 2. Lasing spectra of T2 (a) and T3 (b). 

 

Well-developed morphology of T2 allowed achievement of rather low random lasing thresholds of 2 – 

4 mJ/cm2. This allows us to appraise the possible benefits of such structures for developing intense near-

UV light sources based on them. In the case of T3, we suggest that lasing is from stand-alone well-

faceted crystals. We assume that lasing in this case is of Fabry-Perot type since shape and behavior of 

lasing spectra as well as the range of lasing thresholds were similar with those observed by us in [5] for 

Fabry-Perot lasing. 

4. Conclusions 

To sum up, we showed that Ag being used as a catalyst for growth of ZnO can significantly change its 

morphology and emission properties. In the case of ZnO/Ag growth, ZnO nanowalls were formed, which 

exhibited random lasing. Lasing from individual crystals was observed in the case of ZnO/Ag/ZnO 

structures. 
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Abstract. In paper the results of modeling, synthesis and research of a two-resonance scheme 
for surface plasmon-polaritons (SPP) excitation are presents, and the modelling analysis results 
of the possibilities for using it as a sensitive element of a plasmonic sensor. It's demonstrated the 
possibility for excitation of SPP resonances using the Kretschmann and Otto schemes on one 
device, and the structural parameters of such device are optimized. It's considered the 
possibilities for using the proposed double-resonance scheme as an individual SPP-sensor and 
as a sensitive element of a plasmonic biosensor. 

1. Introduction 
The operation principle of sensors on surface plasmon polariton resonances (SPPR) is based on the 

physical effect of changing the resonant frequency of surface plasmon polariton waves depending on 
the dielectric constant of the environment which adjacent to a sensitive metal (plasmon) layer [1]. There 
are two classical schemes of prismatic excitation of surface plasmon-polariton waves: the Kretschmann 
scheme and the Otto scheme. The structure that allows combining Kretschmann and Otto schemes in 
one device has been developed by the authors of this article. A feature of this structure is that between 
the prism and the plasmonic metal film an additional (buffer) layer of a transparent dielectric is presents 
and it has a refractive index less than that of the prism, but bigger than that of the environment. So, at 
small angles of the light beam incidence, the effect of total internal reflection (TIR) occurs at the 
interface of the dielectric layer and the environment, and a plasmon-polariton wave is excited on the 
external surface of the plasmonic film according to the Kretschmann scheme. At large angles of the light 
beam incidence, the TIR effect is observed at the interface between the prism and the dielectric layer, 
and a plasmon-polariton wave is excited on the internal surface of the plasmonic film according to the 
Otto scheme. For the described structure, two resonances (according to Kretschmann and Otto) will be 
observed on the angular reflectometry curve. In this case, the condition of resonance by Kretschmann 
and the appropriate resonant angle will significantly depend on the dielectric properties of the 
environment. This makes it possible to realize a sensor system for detecting changes in the properties of 
this environment. Otto resonance, on vice versa, depends mainly on the properties of the dielectric buffer 
layer and will changed weakly. Such resonant peak can be used as a standard peak when compared with 
a change in the position of the Kretschmann peak, which will improve the accuracy and stability of the 
double-resonance scheme in the sensory application compared to a single-resonance scheme. 

2. Experimental technique and results 
The developed double-resonance scheme is realized on the basis of a structure including a rectangular 

prism from a single crystal of gadolinium gallium garnet  Gd3Ga5O12 (GGGprism) with a high refractive 
index n = 1.960 for λ = 632.8 nm, on which a dielectric buffer layer with a refractive index less than that 
of the prism and more than that of the environment (quartz SiO2, n = 1.456 for λ = 632.8 nm) is deposited. 
An Au plasmonic metal film with a purity of no worse than 99.95% is deposited over the buffer layer 
(Fig. 1a). 

The numerical modeling of the structure of the double-resonance SPPR sensor, and also the 
optimization of its structural parameters and operating regimes were carried out using the WinSpall 
software. The structural parameters were optimized in the model by varying the thicknesses of the buffer 
and plasmonic layers, and the conditions for the excitation of both types of resonances were analyzed 
when changing the parameters of the external environment and the external sensitive ligand layer 
(biosensor version of model). 

The model optimization of the parameters showed that for the proposed scheme GGGprism/SiO2/Au, 
the optimal thickness of the SiO2 buffer layer is 200 – 220 nm, and the Au plasmonic layer thickness is 
45 – 50 nm. 
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Modeling the operating conditions of the double-resonance scheme as a plasmonic sensor showed 
that a change in the real part of the environment dielectric constant εenv by 0.05 leads to a shift in the 
Kretschmann resonance peak by 2 deg, while the Otto peak practically does not shift and it can be used 
as a standard in the scheme of comparing the position of both peaks. Modeling the operation of a 
plasmonic sensor with an external sensitive layer (ligand) GGGprism/SiO2/Au/Lg showed that the using 
of a ligand layer above 200 nm is redundant, and the change in the real part of the dielectric constant of 
the layer εLg leads to a change in the position of the resonance peaks similarly compared to a change of 
εenv. 

For verification the conditions of the plasmon-polariton resonances excitation, a double-resonance 
structure GGGprism/SiO2(grad h)/Au(50) was synthesized with a gold layer thickness of 50 nm and a 
gradient of the thickness of buffer layer hSiO2. The thickness of the hSiO2 buffer layer varied from 0 to 
600 nm; and the investigation was carried out at various points of the gradient. The SiO2 layer was 
deposited by ion-reactive sputtering in vacuum, the Au plasmonic film was obtained by thermal 
evaporation in vacuum [2]. 

On Fig. 1b the resonance curve which obtained on the range with 220 nm thickness of buffer layer 
is presented. 

 

  
  a     b 

 
Figure 1. Double-resonance scheme for SPPR excitation: а – structure of double-resonance scheme,  

b – resonance curve (circles – experimental data, line – modelling curve). 
 
At a buffer layer thickness hSiO2 = 220 nm a clear peak of plasmon-polariton resonance by Otto 

scheme is observed at an incidence angle 64 deg of the exciting beam. The resonant angle of the peak 
by Kretschmann is 19.5 deg. The results which presented in Fig. 1b clearly demonstrate good agreement 
between the experimental data and modelling calculations. 

3. Conclusion 
So, the possibility of creating a double-resonance scheme for SPPR excitation, in which the 

Kretschmann and Otto excitation schemes are realized on the same device, was demonstrated 
theoretically and experimentally in this work. A modelling optimization of the parameters of a double-
resonance scheme was carried out, and modelling calculations were carried out on the use of the scheme 
as a sensitive element of a plasmonic sensor and a biosensor. 
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Abstract. In paper the investigation results of dielectric environment influences on spectral 

shift of localized plasmonic resonance in a system of self-assembled metallic nanoparticles was 

introduced. It was shown, that the value of spectral shift of localized plasmonic resonance has a 

linear proportion towards the changes of environment refractive index. For investigated 

plasmonic system of self-assembled Au nanoparticles the coefficient of proportionality was 

determined. 

1. Introduction 

Discrete conducting nanoobjects and nanostructured materials are very perspective materials for 

creating sensory plasmonic structures [1, 2]. The interaction of the electromagnetic field with metallic 

nanoobjects is determined by the properties of their electronic subsystem, which is limited by spatial 

restrictions. In conducting nanoparticles with a band nature of the energy spectrum, the conduction 

electrons are plasma with a certain resonant frequency of plasma oscillations (plasmons) [3]. The 

absorption of quanta of electromagnetic radiation for resonant excitation of plasmons can be observed 

on transmission spectra in the form of “dips” at the resonant frequency. In this case, the dielectric 

environment of the conducting nanoobject has a significant effect on its properties, in particular, on 

the processes of transfer and relaxation of energy excitations, and as a consequence, on a change in the 

conditions of localized plasmon resonance (LPR) [4]. Therefore, on the basis of various types 

plasmonic systems the sensors are actively developed and studied to detect changes in the properties 

of dielectric media, including the medical and biological application. Based on the foregoing, the great 

fundamental and practical importance have investigations of the influence of the dielectric 

environment on the shift of the LPR resonance frequency in metallic nanoparticles. 

2. Experimental technique and results 

In the present work, as the investigated plasmonic system are used self-assembled gold 

nanoparticles (Au (NP)) which formed on the surface of the dielectric substrate by thermal activated 

granulation of the original ultrathin gold film. This design is the simplest and cheapest for realization, 

and the placing of plasmonic particles on a carrier substrate makes it easy and convenient to change 

their dielectric environment without destroying the integrity of the system, and also allows the use of 

similar plasmonic systems in more complex composites and structures. 

In the experimental part of the work, a plasmon system was synthesized in the form of self-

assembled gold nanoparticles Au(NP) on a substrate of single-crystal gadolinium-gallium garnet 

Ga3Gd5O12 (GGG). Nanoparticles Au(NP) have been obtained by thermal activated granulation of a 

continuous gold film with thickness of 3 nm  (annealing in air at 950 ° C during 10 min). The initial 

Au/GGG film has been synthesized by method of thermal evaporation in vacuum (residual pressure no 

more than 4·10-4 Pa) on a substrate at temperature of 150°С. 

For investigation, the plasmonic system was placed in a cell which was filled with a transparent 

dielectric medium. Isotropic materials with different dielectric constant εenv were used as a dielectric 

medium such as: air, distilled water, an aqueous NaCl solution (with a mass percentage of 4.17%, 

7.14%, 11.11%) and glycerin (in increasing order). In addition, a nanocomposite sample was prepared 
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in which a system of self-assembled Au nanoparticles was coated by a Bi: YIG (bismuth-substituted 

ferrite garnet) with thickness of 100 nm. 

The results of investigation the influence of the dielectric environment on the optical transmission 

of the plasmonic system Au(NP)/GGG are presented on Fig. 1. For convenience of observing the 

spectral shift of plasmonic resonance, the figure shows the spectral dependences of the first derivative 

on the transmittance dT/dλ, where the intersection of the curve with the abscissa axle corresponds to 

the resonant wavelength of the LPR [5]. 

 

 
 

Figure 1. Spectral dependence of derivative of the transmittance dT/dλ. 

 

It can be seen that an increase of the environment dielectric constant εenv leads to a “red" shift of 

plasmonic resonance. The analysis showed that the dependence of the spectral shift of the LPR on the 

refractive index of the environment is close to linear (λLPR = 63.64·nenv + 552.68). Those. for the 

studied plasmonic system Au(NP)/GGG, the proportionality coefficient of the λLPR shift with respect to 

the change in nenv is 63.64 nm, i.e. a change in the refractive index by 0.016 leads to a spectral shift of 

the LPR by 1 nm. 

3. Conclusions 

Thus, it was shown in the work that an increase in the dielectric constant of the environment leads 

to a red spectral shift of the localized plasmonic resonance in the system of self-assembled Au 

nanoparticles. The dependence of the shift of the LPR resonant wavelength on the refractive index of 

the environment is linear, which allows the creation of plasmonic sensors based on plasmon self-

assembled nanoparticles. 
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Abstract. In this paper we firstly propose the planar metamaterial, or metasurface, based on 
multi-layered graphene. The influence of optical pumping on polarization selectivity of the 

metasurface was studied. It was shown that polarization state of the transmitted wave may be 

changed by optical pumping of multi-layered graphene. A change in ellipticity angle of 20 

degrees is shown at the frequency 0.76 THz. The present work paves the way for the 

realization of terahertz components capable of active polarization manipulation. 

Introduction 

The polarization state is an important characteristic of light, accordingly, converting and manipulating 
the polarization of light are crucial for many potential photonics applications. The weakness of 

polarization manipulation provided by natural materials can be overcomed by chiral metamaterials. 

Although chirality has been known for a long time, recently chiral structures are the subject of study 
both for applied and fundamental electrodynamics. Chirality is a property of asymmetry when an 

object is distinguishable from its mirror image by any rotations. Chiral metamaterials have a huge 

potential to achieve the necessary polarization effects, hence they provide the basis for ultracompact 

polarization components. The integration of materials with tunable properties, such as graphene, 
allows the creation of universal devices for polarization states control in terahertz frequency range 

based on metamaterials. Since graphene monolayer weakly interacts with pumping infrared radiation, 

we decided to use the multi-layered graphene [2] in order to get rid of this drawback and to increase 
the efficiency of THz wave polarization control. 

In this work, we firstly propose MLG-based chiral planar metamaterial with tunable transmission and 

polarization properties under the impact of optical pumping. 

 
1. The structure under the investigation 

The sketch of the unit cell of the studied metasurface is shown in Figure 1 [3]. The metasurface 

consists of an array of geometrically identical multi-layered graphene (MLG) chiral rosettes and gold 
ones, mirrored relatively to each other and placed on the top and bottom sides of the TPX (ε=2.1) 

substrate with thickness of 80 μm, respectively. The inner diameter of the rosette petal D is 120 μm, 

while its width is w=38 μm, the turnaround angle is α = 265°. 

2. Results 
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Figure 1. The unit cell of the metasurface. 

 
The numerical simulations were performed in CST Microwave Studio, which is based on FEM 

method. Multi-layered graphene was simulated using experimental data obtained in THz-TDS 

measurements with optical pumping of continuous wave 980 nm laser. Five different values of optical 
pumping power were applied. 

Using numerically obtained transmission coefficients for left-handed (T--)  and right-handed (T++) 

circularly polarized waves, one can calculate the ellipticity angle  
𝜂 of the radiation, transmitted through the metasurface, as follows (Figure 2):  
 

𝜂 =
1

2
𝑎𝑟𝑐𝑠𝑖𝑛(

|𝑇++|2−|𝑇−−|
2

|𝑇++|2+|𝑇−−|
2),     (1) 

 

The value of +45° of ellipticity angle corresponds to right-handed circularly polarized wave, −45° is 

equal to left-handed circularly polarized wave, and 0° reports about linearly polarized wave. 
 

 
Figure 2. The ellipticity angle spectra depending on the optical pumping power. 

It should be noticed that frequencies of maximal and minimal values are shifted at the value of 

Δν = 300 GHz by the increasing OP. The OP-based tunability shows a great value of ellipticity angle 
tunability, achieving Δη = 20° at the frequency of ν = 0.76 THz.  

3. Conclusions 

In this paper, we have proposed the polarization-selective tunable chiral metasurface. After the 
propagation through the metasurface, in general linearly-polarized incident terahertz wave is 

transformed into elliptically-polarized one, or almost to circularly-polarized wave at certain 

frequencies. A change in ellipticity angle of 20 degrees is shown at the frequency 0.76 THz.  
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Abstract. The results of modeling the reflection and transmission spectra of a diffraction 

grating from a Ge-Sb-Te (GST) compound lying on an “silicon-on-insulator” (SOI) single-

mode waveguide structure are presented. The optical parameters for modeling the spectra were 

obtained from experimental measurements of GST films deposited by the magnetron 

sputtering. The optimal parameters of the diffraction grating are determined, which make it 

possible to reduce the energy budget for switching the GST phase due to the excitation of 

guided mode in the diffraction grating. 

1. Introduction 

The development of technology for creating traditional devices of modern silicon electronics is 

currently faced with limitations associated with the problems of scaling devices to sizes of the order of 

a few nanometers [1]. It can be replaced by a dynamically developing field of silicon nanophotonics, 

which allows to increase the speed of integrated circuits due to a significant increase in the signal 

transmission speed. One of the important tasks required to implement fully photonic integrated circuits 

is the creation of non-volatile optical memory elements. The implementation of such memory became 

possible due to the development of phase change materials (PCM), which have the ability to quickly 

reversibly switch between amorphous and crystalline states with significantly different electrical and 

optical characteristics [2]. A well-established material for optical applications is the Ge-Sb-Te (GST) 

compound, which is used as an active material in phase-change memory (PCM) and optical disks. 

However, the combination of such materials with silicon-based waveguides for the implementation of 

fully optical memory for use in radio photonics devices has been clearly studied insufficiently. In this 

work, we present the results on the formation of GST layers by magnetron sputtering with a variation 

in the deposition parameters, as well as the calculation of the transmission and reflection spectra of a 

GST diffraction grating on an SOI waveguide.  

2. Experimental and simulation details 

The experimental samples were 10-100 nm-thick films of the Ge2Sb2Te5 compound deposited by RF 

magnetron sputtering at room and elevated temperature on silicon, quartz, and sapphire substrates. The 

optical characteristics of the samples were studied using optical transmission and spectroscopic 

ellipsometry, the morphology of the films was studied by atomic force microscopy, and the structure 

of the samples was studied by electron diffraction.  
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The transmission and reflection spectra were simulated based on the method of the Riccati equation 

using the original program code. 

3. Results and discussion 

Creating an element of non-volatile optical memory requires both testing the technology for their 

synthesis and a theoretical description of the processes occurring in them. Various possible 

implementations of an optical memory element include the deposition of a GST film on the surface of 

a silicon waveguide, followed by the creation of the desired relief using lithographic methods. In 

particular, the creation of diffraction gratings from GST of various dimensions, which allows to 

increase the absorption of electromagnetic field energy and to provide less power consumption of the 

memory cell, is an original approach. To simulate the reflection and transmission spectra from a GST 

diffraction grating, it is necessary to know the optical characteristics of the deposited films. 

 Let us consider the features of GST films obtained by magnetron deposition. GST films were 

deposited on the surface of silicon, quartz and sapphire. The deposition of films at room temperature 

leads to the formation of films with an amorphous structure. Heating the deposited film leads to its 

crystallization. However, a change in the conditions for the synthesis of films can lead to a change in 

the initial structural state. In particular, the deposition of a GST film at elevated temperatures (~ 400-

500 °C) leads to the appearance of a polycrystalline structure of the samples.  

 The data obtained in the study of the optical characteristics of the deposited films can be used in 

theoretical modeling of the propagation of light in GST-based diffraction gratings. Based on these 

data, the reflection and transmission spectra were calculated for GST diffraction gratings on a SOI 

waveguide. The spectra obtained, as well as the spatial distribution patterns of the electromagnetic 

field, make it possible to determine the grating parameters at which the guided mode is excited in the 

lattice itself, which leads to an increase in the absorption of electromagnetic field energy and a 

decrease in cell energy consumption.  
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Abstract. One of the main parts of the quantum receiver is the optical scheme. We developed 

and tested several optical circuits based on different types of interferometers. On the basis of 

the obtained data, it can be concluded that the most suitable is the scheme based on the Mach-

Zehnder interferometer. 

1. Introduction 

Increasing the precision of optical measurements is an actual task of modern science. Although, the 

limit of the precision of such measurements (Helstrom bound) [1] was determined back in the 60-s of 

the last century, in practice, it has not been possible to approach it so far. Traditional coherent optical 

receivers based on homodyne detection operate at the shot-noise limit, which leaves a clear gap in the 

error rate well above the Helstrom bound. To date, several strategies have been developed to improve 

the accuracy of signal measurement above the standard quantum limit (SQL) or shot noise limit. One 

of the first, a strategy was proposed using optical bias to completely nulling one of the states [2]. If the 

case of binary phase-shift keying (BPSK) is considered, the discrimination strategy is to null one of 

the states by adding an optical displacement of equal amplitude and different in phase by π. To realize 

the extreme accuracy of measurements in practice, it is necessary to have a high-efficiency single-

photon detector integrated with a high-performance interference optical scheme. In this article, we 

consider optical schemes that are potentially suitable for implementing a quantum receiver. All these 

schemes are based on optical fibers and fiber components, since the fiber implementation is closest to 

application in practical devices. Realization realistic measurement strategies to attain the Helstrom 

bound is of utmost importance for high-precision applications, long-distance free-space and optical 

fiber communication, gravitational wave detection, and optical sensing in biology and medicine, to 

name a few. 

2. Experimental setup and results  

The efficiency of the optical scheme was evaluated according to two important characteristics. The 

first is high interference extinction. For this, high mode matching must be ensured. Second, high 

temporary stability, i.e. the receiver must maintain high performance for the longest time.  There are 

certain specifics in working with fiber optic interferometers. It is the temperature expansion of the 

fiber, which results in phase instability and polarization distortions due to fiber deformation and 

refractive index change. Also, parasitic effects associated with vibration and acoustic exposure. To 

solve these problems, it is necessary to select the optimal interference scheme with a minimum set of 

fiber components. In this paper, we have considered three different interferometric schemes (Fig. 1).  
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Figure 1 (a, b, c). (a) Sagnac-based scheme; (b) Mach-Zehnder-based scheme, (c) Michelson-based 

scheme. PLS – pulse laser source, LS – laser source, D – detector, BS – beam splitter, PBS – 

polarization beam splitter, PC – Polarization controller, PM – phase modulator, DL – delay line, C – 

circulator, FM – Faraday mirror, OT – optical terminator 

 

Scheme based on the Sagnac interferometer (Fig. 1a). Due to the fact that the signal and the local 

oscillator pass through the same optical path, phase and polarization stability is achieved. For this 

scheme, we obtained a low extinction value (about 13 dB). This is due to the short coherence time of 

the pulsed source. The use of such a circuit is limited, since it only works in pulsed mode. 

Scheme based on the Mach-Zehnder interferometer (Fig. 1b). This scheme looks most promising. It 

can operate both in pulsed and continuous mode. In continuous mode, we were able to obtain an 

interference extinction about 30 dB. However, when working with this scheme, the greatest number of 

problems occurs. The scheme requires the use of polarization maintaining optical fiber components, 

which increases the cost of the system. To achieve acceptable temporal stability (few minutes), it is 

necessary to thermally and acoustically stabilize the circuit. 

Scheme based on the Michelson interferometer (Fig. 1c). The scheme, like the previous one, works 

both in pulsed and continuous mode. Using Faraday mirrors in each of the arms of the interferometer 

allows you to get rid of polarization distortions, which makes it possible to use conventional single-

mode fiber. To achieve acceptable temporal stability, it is necessary to thermally and acoustically 

stabilize the circuit. This allowed achieving phase stability in time in a few minutes. In continuous 

mode, we were able to obtain an interference extinction about 23 dB. 

3. Conclusion 

Having tested several optical schemes, we came to the conclusion that the most suitable for the 

implementation of a quantum receiver is a scheme based on the Mach-Zehnder interferometer. The 

scheme has the greatest extinction (about 30 dB) and allows us to obtain acceptable temporal stability. 
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Abstract. In this work, the conditions were optimized for the fabrication of a dielectric 

microresonator in the spectral range of 850 nm. A low surface roughness of a distributed Bragg 

reflector and a high reflection coefficient were demonstrated. The conditions for the transfer 

and fabrication of mesas based on graphene produced by chemical vapor deposition were 

optimized. The reflection spectra and the value of graphene photocurrent at local optical 

pumping were measured. 

1. Introduction 

In comparison with photodetectors based on A3B5 compounds [1], lately there has been considerable 

interest in new types of photodetectors including those based on graphene. Due to its short interaction 

length, graphene only absorbs 2.3% of light. To the present time, several approaches have been 

presented for improving the absorption of graphene, the main of which are the use of plasmonic 

nanostructures, the use of nanoparticles, the integration of graphene in a waveguide configuration, the 

fabrication of doped graphene nanoscale discs, the generation of graphene-dielectric superlattices, the 

integration with photosensitive materials (quantum dots), and the fabrication of a resonant 

photodetector. Graphene produced by chemical vapor deposition demonstrates high structural quality 

and can be grown on a big area [2].  

In the report, the results will be presented of the fabrication and research of the optical characteristics 

of photodetector structures that are based on graphene produced by chemical vapor deposition (CVD). 

2. Experiment details 

Fig. 1 shows a schematic image of a dielectric microresonator with a spectral range of 850 nm that 

consists of a dielectric DBR based on 10 pairs of quarter-wave layers of SiO2-Ta2O5 and a λ/2 thick 

optical resonator. The microresonator structure was fabricated by reactive magnetron sputtering [3]. 

The substrate applied was Si (100) in order to improve the adhesion of the dielectric layers to the 

substrate during deposition at low temperatures. After the formation of alignment marks, monolayer 

CVD graphene was transferred through the liquid [4]. It should be noted that the graphene layer is 

located in an antinode of the electromagnetic field of the standing wave of the dielectric 

microresonator. 
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(a) 

 

(b) 

 

Figure 1(a, b). (a) The red curve is the distribution of the square of the field intensity in the 

microresonator; the blue curve is the change of the refraction index in the microresonator layers; (b) 

A SEM image of the microresonator. 

 

The fabrication of mesa from graphene was performed by etching in oxygen plasma. The contact 

metallization formed by lift-off were layers of Ti and Au with a thickness of 10 and 20 nm. For an 

analysis of the SiO2-Ta2O5 dielectric microresonator surface, atomic force microscopy (AFM) 

examinations were performed on a Veeco Dimension 3100 microscope in contact mode. For an 

evaluation of graphene conductivity, an Agilent B1500 analyzer of semiconductor device parameters 

was used in combination with a Zuss PM6 probe station. The photocurrent was measured with an SR 

830 synchronous detector with modulation of radiation from a laser diode (Thorlabs L850P010=850 

nm). The pump current of the laser itself was controlled with the control unit of Thorlabs LTC56B/M. 

3. Results 

The current voltage characteristics of graphene on the surface of a dielectric microcavity demonstrate 

a linear dependence in a ±6 voltage range. The average value of graphene resistance R measured by 

the two-probe method was (10.4 ± 3.0) kOhm. The analysis of images of the SiO2-Ta2O5 dielectric 

microcavity in a (110) cross-sectional geometry by scanning electron microscope (SEM) (see Fig. 1 

(b) shows a high planarity of the interfaces and a thickness uniformity of the layers. Due to a large 

contrast of SiO2-Ta2O5 refraction coefficient combined with a low surface roughness and a high 

planarity of the interfaces, one can expect the implementation of the reflectivity of the lower SiO2-

Ta2O5 DBR by more than 99% in a broad range of wavelengths. The report will present the results of 

measurements of reflection spectra and microreflections of the microcavity with graphene as well as 

the results of photocurrent measurement.  
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Abstract. The article substantiates the necessity of measuring the longitudinal relaxation time 

T1 of the flowing liquid to control its state. For such measurements, a new method for measuring 

T1 in a flowing fluid is proposed. This method allows to measure relaxation time in a wide range 

of a flow rate (more than two orders of magnitude). 

The development of fast and reliable methods for monitoring the state of the flowing liquid in a 

wide range of changes in its flow q is one of the urgent tasks of technical physics [1]. It is necessary to 

control the state of the flowing liquid both during experiments and during automation of industrial 

production of various liquid media, biological solutions, etc. 

Since the monitoring devices of the flowing liquid must operate effectively when the value of q 

changes in at least two orders of magnitude, a few problems arise. The main one is related to the 

limitations of the previously developed methods for measuring T1 relaxation time of a liquid. This is 

because during the experiments or control of technological process it is difficult to perform 

measurements of T1 on optimum value of flow qopt when the flow rate q changes within two orders or 

more [2]. 

One of the recently proposed methods [3] requires including an additional coefficient in the ratio 

for the determining qopt to exclude "binding" of the T1 measurement to the value of qopt. This is because 

the coefficient is obtained from the Bloch’s equations. Unfortunately, this method showed low accuracy. 

Results of the experiments have shown that the value of the coefficient depends on changes in liquid 

flow q. However, the authors of the paper propose to consider it constant in a certain range of flow rate 

values. It contradicts both the theory of NMR and the experimental data. This contradiction becomes 

especially noticeable at large values of q. Moreover, it is not always possible to run a "reference" fluid 

on already installed equipment, as it may differ in physical and chemical properties from the fluid 

usually used in the equipment. It can lead to failure of the equipment and expensive repair. Therefore, 

it is almost impossible to use this method in industry. 

Thus, the development of the method for determining the longitudinal relaxation time of the 

flowing liquid by the nuclear magnetic spectrometer is extremely relevant. Such measurement must be 

performed with an error of less than 1%, even in cases where the liquid flow rate varies by more than 

two orders of magnitude. 

One of the possible solutions to this problem has been proposed in our work. To implement the 

new method, we have considered the evolution of the magnetization vector along all its paths from the 

polarizer magnet to the registration coil. As a result of the research it was found that under certain 

conditions the magnetization of the liquid changes only because of relaxation processes. These 

conditions are mean the fulfilling conditions of the of adiabatic theorem on the whole length of the 

magnetized liquid flow from the polarizer to the registration coil. 
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If two sections of the pipeline with different volumes are used, the magnetization M1 of the liquid 

will change, and so does the amplitude of the recorded NMR signals. In this case, it was found that the 

ratio of amplitudes of the recorded signals was proportional to the ratio of magnetization change factors: 

 

𝑈1

 𝑈2
=

ⅇ
−

𝑉c1
𝑞𝑇1

ⅇ
−

𝑉c2
𝑞𝑇1

  

where T1 is the time of longitudinal relaxation of the liquid. 

 

After some mathematical conversions, this ratio takes the following form: 

 

𝑇1 =  
𝑉𝑐2 − 𝑉𝑐1

𝑞 ∙ 𝑙𝑛
𝑈1
𝑈2

 
 

In the meantime, figure 1 shows the example of the recorded signals. 

 

  

Figure 1. NMR signals from tap water for different volumes of pipeline connection section. Graph a) 

correspond to VC1 = 146 ml and graph b) correspond to VC2 = 204 ml. 

 

The obtained results of T1 measurements for different flowing liquid coincided within the limits 

of the measurement error with the measured values of relaxation times on the stationary NMR 

relaxometer Minispec mq 20M. This confirms the reliability of the measurement method proposed by 

us using the design of the differential type NMR spectrometer. 
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Abstract. The possibility of using inverse opal films from ethoxylate trimethylolpropane 

triacrylate (ETPTA) photoresist as sensors for determining the concentration of alcohols in 

water has been studied. The spectral position of the transmittance dip corresponding to the first 

photonic stop band is used as the analytical signal. Impregnation of an inverse photonic crystal 

with water-ethanol and water-ethylene glycol mixtures results in a red shift of the transmittance 

minimum. Refractive index sensitivity is about ∆λ/∆n = 414 nm/RIU.     

1. Introduction 
Photonic crystals (PhCs) have attracted much attention because of possessing tunable photonic band 

gaps, which could induce tunable color. The structural color is given from the periodic structure of 

photonic crystals and is characteristic of a particular material [1]. The position of the photonic stop 

band can be considered as a convenient analytical signal for detecting the composition of water-

alcohol mixtures [2]. In this work we investigated the possibility of using inverse PC from ETPTA as 

sensors of the composition of water-alcohol mixtures and determined the sensitivity of the analytical 

signal to the studied liquids.          

2. Experimental  
Inverse photonic crystal films were prepared by template method using photopolymerization of 

photocurable resin ETPTA [3]. Opal PhC films composed of close packed SiO2 colloidal microspheres 

were used as templates. SiO2 colloidal microspheres of 250 nm in diameter were synthesized by the 

method presented in [4]. After the removal of SiO2 colloids free-standing ETPTA inverse opal PhCs 

were obtained. Fig. 1a shows the typical SEM image of the surface of the resultant ETPTA inverse 

opal film. Lambda 35 (Perkin Elmer) spectrophotometer was used to study the possibility of using the 

obtained inverse films as chemical sensors of the composition of liquids by recording their 

transmission spectra in the normal direction after impregnation with different liquids: water, ethanol, 

isopropanol, ethylene glycol, and their mixtures with water. The transmittance spectra were recorded 

in spectral range of 350–750 nm with the monochromator slit width of 0.5 nm and a registration step 

of 0.2 nm. The position of the transmittance dips was determined using cubic approximation. Taking 

into account all random errors, the accuracy of determining the minima was approximated about ±0.5 

nm. 
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Fig. 1 (a-b). (a) Scanning electron microscopy image of surface of ETPTA inverse opal PhC. Inset: 

inverse opal film’s photograph; (b) Transmission spectra for the ETPTA inverse PhC sample in dry 

state (1) and immersed in various liquids: 2-ethanol, 3-isopropanol, 4- ethylene glycol. Inset: minima 

of curves 2-4 in the enlarged scale. 

3. Results    
Fig. 1a shows a high degree of ordering of the inverse PhC films. In the inset of fig.1a a photograph of 

ETPTA inverse PhC with a characteristic structural color is shown. The minimum on the transmittance 

curve of the dry sample was about 509 nm. Inverse photonic crystals based on ETPTA photoresist 

films demonstrate clear stop band shift with the impregnation by different liquids. Fig. 1b shows 

examples of transmittance spectra of the ETPTA inverse PhC sample infiltrated by ethanol, 

isopropanol and ethylene glycol (curves 2-4). The red shift in transmittance spectra was observed 

when refractive index of the studied liquids increased. The observed red shift of the stop band with an 

increase in n is associated both with an increase in the effective refractive index of inverse PhC (neff) 

and with an increase in the interplane distance due to the swelling of the ETPTA photoresist. In 

accordance with transmittance spectra the dip locates at 609 nm for water (n = 1.333) and at 650 nm 

for ethylene glycol (n = 1.432). Based on these data, we can calculate the refractive index sensitivity 

of our samples as ∆λ/∆n = 414 nm/RIU.   
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Abstract. This paper reports on the development and investigation of a linearly changing 

narrow bandpass optical filter (LCOF) fabrication process. We researched and optimized 

parameters of manufacturing process steps, such as vacuum sputtering, thickness controlling, 

phase diffractive optical element writing, plasma chemical etching and etc. Most important 

moment and parameters of producing influence on the final result shown in this paper. As a 

result of work, experimental sample of multilayer optical filter for narrow spectral selection 

obtained. 

1. Introduction 

In recent years, the development of diffractive optical elements (DOE) have attracted the researchers 

due to the prospects of their use in optical signal and image processing systems, including in 

computational optics. The optical characteristics of multilayer DOE depend on many factors such as 

their structure, materials used and their refractive indices, the order and ratio of layer thicknesses and 

micro-relief. Optical filter is one of the most common and wildly used elements in optical sets. The 

filter's wavelength can be moved in filter’s wavelength range. Micro-cavity filters are used as steady 

filters [1], adjustable filters [2] and chemical detectors [3,4]. Dielectric optical filters with Fabry – 

Perot structures are used in telecommunication, lasers and spectrometers in order to control and 

measure the exact wavelength range of visible and non-visible spectrum. In a spectrometer, the optical 

filter is used to detect the wavelengths that are very close together. 

2. Experimental part 

In this work for high refractive index layer was chosen TiO2, for low index refractive layer was 

chosen SiO2. Refractive index of TiO2 for wavelength 532 nm is 2,45 and of SiO2 is 1,47. Optical 

filter can be fabricated in a resist layer by just one lithography process. The profile of resist structure is 

subsequently transferred into defective layer of optical filter by plasma etching. Complete optical filter 

fabrication involves deposition of a lower dielectric mirror using a stack of dielectrics on the substrate, 

tapered layer formation and deposition of the top dielectric mirror [5]. The main idea of this filter is 

providing of defective layer by direct laser writing and plasma chemical etching. Typically so kind of 

structures produced with help of slanted deposition. It means sputtering with not normal angle 

between sputtering source of material and substrate. With help of direct laser writing by UV laser on 

circular laser writing station we can provide 256 different levels or steps inside resist volume. It gives 

us possibility for transfer of this structure to transparent dielectric layer by plasma chemical etching. 

For manufacturing process were used common equipment: magnetron sputtering system 
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CarolineD12A (ESTO-Vacuum, Inc.), circular laser writing system “CLWS-200S” and plasma 

chemical etching, providing by setup Caroline PE-15 (ESTO-Vacuum, Inc.). We used a technological 

process with main steps like vacuum sputtering, lithography and chemical etching. In details, 

manufacturing process consists of the following steps, shown on figure 1. 

 

Figure 3. Linearly changing narrow bandpass optical filter fabrication process. 

The main advantage of this filter over linear variable filters is that it can be made on a small surface 

area. This advantage allows the use of a similar filter in optical circuits, where space and mass are 

important, for example for portable hyperspectrometers [6]. 

3. Conclusion 

Technological process of the multi steps optical filter manufacturing on a fused quartz substrate, 

which includes available common producing steps demonstrated. Produced filter has high quality and 

allows using it as optical filters for narrow selection in different devices. Thus, we find and 

demonstrate solution included in technological process of filter producing on a fused quartz substrate. 

It could be used in optical setups and hyperspectral equipment. 
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Abstract. In the present work, we consider a two-dimensional Su-Schrieffer-Heeger model
with alternating positive tunneling couplings between the neighbor sites. We show that
introducing next-nearest neighbor couplings results in the emergence of topological corner states
for some values of the corresponding tunneling coupling. Our work resolves the contradiction
that arose when such corner states absent in the original two-dimensional Su-Schrieffer-Heeger
model were observed experimentally in its photonic realization based on the array of cylindrical
microwave resonators.

1. Introduction
Photonic topological states are actively studied currently due to their robustness against
geometrical imperfections of the structure which opens great avenues for realizing highly
efficient nanophotonic devices [1]. Recently, higher-order topological states in the form of
zero-dimensional excitations localized at the corners of a two-dimensional system attracted
considerable attention, and have been realized in photonic systems [2].

Su-Schrieffer-Heeger model which is the one-dimensional array of sites with alternating
tunneling couplings of magnitude J and K > J between the nearest neighbors serves as a
paradigmatic one-dimensional topological model featuring zero-energy topological edge states
[3]. However, its direct generalization to the two-dimensional case with positive tunneling
couplings J > 0, K > 0 does not give rise to the localized corner states [4]. On the other
hand, Ref. [5] has recently reported the observation of zero-dimensional corner states in the
electromagnetic realization of a two-dimensional Su-Schrieffer-Heeger model in the form of a
two-dimensional array of cylindrical microwave resonators.

2. Results
To resolve this contradiction, we consider an extended two-dimensional Su-Schrieffer-Heeger
model with additional positive tunneling couplings M between the closest pairs of next-nearest
neighbors, Figure 1(a). Such tunneling couplings, as well as tunneling couplings between
even more distant neighbors, should inevitably arise in photonic systems with long-range
electromagnetic interactions. In this work, we show that depending on the relation between
next-nearest neighbor coupling M and conventional couplings J and K, topological corner states
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Figure 1. (a): Geometry of the considered tight-binding model. (b): Spectrum of the
eigenvalues εj for the model of size 15 × 15 sites with tunneling amplitudes J = 1, K = 3,
M = 0. (c): The same as (b), but for J = 1, K = 3, M = 3. A band gap opening and the
appearance of the spectrally isolated state inside the band gap are observed. (d): Eigenmode
corresponding to the isolated energy level for M = 3 from panel (c).

can arise, Figure 1(b-d). We further extend this theoretical observation by implementing the
considered tight-binding problem with the aid of resonant topolectrical circuits [6, 7].
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Abstract. A model is presented for the formation of twinning superlattices in Te-doped and 

Be-doped self-catalyzed vapor-liquid-solid GaAs nanowires.  The period of twinning 

superlattices and its dependence on the distance from droplet are quantified versus the doping 

level for both types of doping.  

1. Introduction 

Nanowires (NWs) of III-V semiconductor compounds are interesting from the fundamental viewpoint 

as well as for applications in nanoscale photonics [1-3]. NWs enable a much more efficient relaxation 

of elastic stress on their strain-free sidewalls compared to nanoislands, and hence can be grown 

without dislocations on lattice-mismatched Si substrates. Twining superlattices (TSLs) has been 

observed, for example, in undoped Si NWs [4] and Zn-doped InP NWs [5]. In this work, we try to 

understand the unified mechanism governing the formation of TSLs, observed experimentally in Te- 

and Be-doped self-catalyzed VLS GaAs NWs. We want to quantify the TSL period versus the doping 

level and its dependence on the distance from droplet in inverse-tapered NWs.  

 

2. Results 

We were able to explain the formation of TSLs in Te and Be-doped VLS GaAs NWs entirely on 

surface energetic grounds. The model geometry is shown in Figure 1 (a) [1,2]. We speculate that 

accumulation of dopants on the NW sidewalls decreases the surface energies of (111)A and (111)B 

side facets with respect to vertical facets, which makes the formation of TSLs energetically preferred 

[Figure 1 (b)]. This surface energy change is reflected in the experimentally observed decrease of the 

Ga droplet angle. The period of TSLs increases for higher doping levels and is proportional to the NW 

radius. This explains why the period gradually increases in the inverse-tapered NWs grown under Ga-

rich conditions [Figure 1 (c)].  

We use an extension of the model of Refs. [4] and [6] in 2D case, yielding the TSL period in the form 

 

𝜆 = 𝐴𝑅
(β0−β∗)

2𝑡𝑎𝑛2𝜃𝑠𝑖𝑛2𝛽∗(2+𝑐𝑜𝑠𝛽∗)
 ,    (1) 
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where 𝑅 is the NW radius in a given position from the droplet, β∗is the measured contact angle of the 

droplet (which depends on the doping type and level), 𝜃 = 19.5°, 𝛽0 ≅ 133°, and 𝐴 is a constant. This 

expression provides the escellent fit to all the data, as demonstrated in Figures 1 (d) and (e). 

 

Figure 1. (a) Geometry of a TSL NW, whose (111)A and (111)B facets periodically change their 

lengths LA and LB. (b) Surface energies of (111)A and (111)B GaAs facets relative to the (110) 

facet. Without doping, these surface energies cross above zero, corresponding to vertical growth at a 

stable contact angle of around 133o. In the presence of doping, the surface energies of (111)A and 

(111)B facets decrease. At a certain doping level, the surface energy of TSL NW becomes smaller 

than that of vertical NW, with the corresponding decrease of the droplet contact angle β∗. (c) 

Inverse-tapered Te-doped GaAs NW, showing the increase of TSL period toward the droplet. (d) 

Measured TSL periods near the droplet versus the doping levels (symbols), fitted by the model 

(lines). (e) Measured TSL periods versus the distance from the droplet (symbols), fitted by the 

model (lines). 
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Abstract. The Hall Effect, residual resistance, and magnetization of Heusler alloys Co2YSi (Y 

= Ti, V, Cr, Mn, Fe, Co, Ni) were measured at T = 4.2 K and in magnetic fields of up to 100 

kOe. It was shown that there are a clear correlation between the residual resistance ρ0, saturation 

magnetization Ms, normal coefficient R0 and anomalous Hall Effects depending on the number 

of valence electrons, which may be due to the appearance of the states of the half-metallic 

ferromagnet and/or spin gapless semiconductor. 

1. Introduction 

There are the intermetallic compounds with a general formula X2YZ (X and Y are 3d-metals, Z is s-, p-

elements of the Periodic Table), which are called the Heusler alloys. These compounds have plenty of 

useful functional properties, such as the shape memory effect, magnetocaloric effect, giant 

magnetoresistance etc. [1]. 

Particular attention is paid to the half-metallic ferromagnets (HMF) and spin gapless semiconductors 

(SGS), since the close to 100% spin polarization of charge carriers can be realized in HMF and SGS. 

Therefore, such materials are promising ones for practical applications in spintronics. 

The high spin polarization of charge carriers was observed in Co2FeSi [2]. At varying the Y and/or Z 

components in the Co2YAl and Co2FeZ alloy systems (Y = Ti, V, Cr, Mn, Fe, Co, Ni; Z = Al, Si, Ga, 

Ge, In, Sn, Sb) the significant changes occur in the electronic band structure near the Fermi level [3]. 

Therefore, the task of this report is to study the magnetic properties, electroresistivity and Hall Effect in 

Co2YSi (Y = Ti, V, Cr, Mn, Fe, Co, Ni) alloys at varying the Y component. 

The alloys were obtained by the method of arc melting followed by annealing. The Co2VSi, Co2CrSi, 

Co2FeSi, and Co3Si ingots were annealed at  Тan. = 11000 С  for 3 days, and the Co2TiSi, Co2MnSi, 

and Co2NiSi alloys were annealed at Тan. = 8000 С  for 9 days. The field dependences of the 

magnetization M(H) and Hall resistance ρH (H) were measured at T = 4.2 K in magnetic fields of up to 

100 kOe. The samples have the form of plates with dimensions of  (0.5 x 1.5 x 4.5) mm. 

The coefficients of the normal and anomalous Hall Effect, residual resistance, and saturation 

magnetization were obtained. It was found that the dependences of measured characteristics on the 

number z of valence electrons have a clear correlation. Thus, the coefficient of the anomalous Hall Effect 
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RS and the residual resistance ρ0 increase near z = 28, while there is a minimum for the normal Hall 

coefficient R0 and magnetization Ms at this point. 

In addition, a power-law dependence of the coefficient of the anomalous Hall Effect on the residual 

resistance with an exponent k = 3.1 was observed, which does not correspond to the existing theoretical 

concepts, but correlates with the experimental data obtained on similar Heusler alloy systems. The 

results can be used at the development and creation of new materials for spintronics. 
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Abstract. By applying the confocal fluorescence microscopy, we investigated the dynamics of 

the synthesis and accumulation of protoporphyrin IX induced by 5-aminolevulinic acid (5-ALA) 

in three cell lines: malignant - human epithelial carcinoma HeLa and human lung 

adenocarcinoma A549 - and fibroblast-like immortalized mouse embryonic 3T3 cells. The 

accumulation of protoporphyrin IX in cell cultures was evaluated based on the analysis of its 

fluorescence intensity. The dynamics of changes in fluorescence intensity was studied depending 

upon the duration of cells incubation with 5-ALA and its concentration. 

1. Introduction 

Photodynamic therapy (PDT) is widely used in modern oncology for the treatment of a wide range of 

malignant neoplasms. The basis for its successful application is the generation of reactive oxygen 

species using photosensitizers (PSs) - substances of synthetic and natural origin. The accumulation of 

PSs in malignant tumor cells and their generation of reactive oxygen species under the influence of 

laser radiation triggers cell death. PSs is also actively applied for diagnostic purposes to determine the 

location of a tumor, trophic ulcers and some other pathologies, as well as to evaluate their size and 

study morphology [1]. By now, various types of PSs have been developed and used in clinical 

practice: chlorins, porphyrins, phthalocyanines, and 5-aminolevulinic acid (5-ALA). As known, 5-

ALA is a precursor of endogenously formed protoporphyrin IX (PpIX), which, in turn, is an important 

precursor of myoglobin, cytochrome, and heme [2]. The PpIX was demonstrated to exhibit 

photosensitizer properties and synthesized in the mitochondria of cells [3]; therefore, detailed 

information on its accumulation in tumor cells of various localizations is of high importance for 

applications in PDT and diagnostics. 

2. Experimental section 

In experiments we studied the dynamics of 5-ALA-induced accumulation of PpIX in cells of the three 

established cell lines: HeLa, A549 and 3T3. Samples were cultured in Petri dishes in DMEM 

containing 10% fetal bovine serum and 1% penicillin/streptomycin in the atmosphere of 5% CO2, 
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50% humidity at 37°C. Prior to experiments, 5-ALA was added to the culture medium and cells were 

further incubated in this solution. 

In the first set of experiments, HeLa, A549 and 3T3 cells were incubated for 1, 2, 3, and 4 hours at 

four concentrations of 5-ALA in the culture medium: 0, 50, 100 and 200 μg/mL. Afterwards, cells 

were washed with PBS and ivestigated using the Olympus FV3000 confocal fluorescence microscope. 

PpIX fluorescence was excited at 405 nm and detected in the wavelength range of 610-650 nm. 3D 

distibutions of PpIX fluorescence were recorded in several fields of view in each sample. The analysis 

of total fluorescence intensity in cells was performed using the ImageJ software. The total 

fluorescence intensity was analysed as funcion of incubation time and 5-ALA concentration. It was 

shown that the maximal accumulation of PpIX occurs in all the three cell lines after 3-hour incubation 

in 5-ALA containing solution at the concentration of 100 μg/mL. Further increase of 5-ALA 

concentration from 100 to 200 μg/mL did not cause any increase in PpIX fluorescence. 

In the second set of experiments, HeLa, A549 and 3T3 cells were incubated for 3 hours at 5-ALA 

concentrations in the culture medium varied with a smaller pitch: 0, 50, 75, 100, 125, 150 and 175 

μg/mL. The data obtained demonstrated that 5-ALA concentrations higher than 100 μg/mL did not 

provide any rise in PpIX accumulation. The experimental dependencies of total PpIX fluorescence 

intensity in cells as function of 5-ALA concentration are shown in Fig. 1.   

 

Figure 1. PpIX fluorescence intensity in the studied cell lines as a function of 5-ALA concentration. 

3. Conclusion 

From the data obtained, the relative increase in the signal of integrated fluorescence PpIX in the cells 

of the studied lines was determined. The maximum increase in PpIX fluorescence signal in 

immortalized cells obtained from tumor tissues (HeLa and A549), in comparison with control samples 

without 5-ALA in the culture medium, is on average 63.2%. In immortalized cells of normal 

fibroblasts (3T3 line), this increase is only 30%. It should be noted that the fluorescence signal in 3T3 

cells in control samples is 1.7 times higher on average than in HeLa and A549 cells, which indicates a 

more efficient synthesis of endogenously formed PpIX in immortalized 3T3 cells. 
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Abstract. The electro- and magnetoresistivity of MoTe2 single crystals before and after 

quenching were measured at temperatures from 1.8 to 300 K and in magnetic fields of up to 

9T. It was demonstrated the quenching can lead to strong changes in values of the electro- and 

magneresistivity studied as well as in their temperature and field dependences. The 

peculiarities of these electronic transport characteristics changes were studied in details. 

1. Introduction 

Transition metal dichalcogenides (TMDs) are currently believed to be very promising materials for 

optoelectronics, nanoelectronics and spintronics. TMDs are a large group of compounds with the 

chemical formula MX2, where M is a transition metal and X is a chalcogen. These materials have very 

diverse properties within the TMD-group, in participant, WTe2 and MoTe2 in Td-phase are known to 

exhibit the properties of II-type topological Weyl semimetals (TWSs). TWSs are characterized by the 

presence of massless Weyl fermions in their bulk and Fermi arcs on the surface. Such massless 

quasiparticles can be controlled faster than the conventional carriers that is promising for creating 

ultrafast electronic devices. At the same time, the crystal structure of MoTe2 and its electronic 

characteristics, in particular, the electrical resistivity, are known to strongly depend on the heat 

treatment. Thus, in “commonly” synthesized MoTe2 compound, it exhibits the semiconductor 

characteristics: high values of the electrical resistivity and a "semiconductor" type of its temperature 

dependence ρ(T), i.e. ρ decreases with T. Quenching leads to the fact that the value of the electrical 

resistivity decreases significantly, and ρ(T) becomes the “metallic” one, increasing with temperature 

[1, 2]. In addition, investigating the effect of magnetic field on the electronic properties of these 

materials is of interest since a number of such papers is scarce. Therefore, the aim of this work is to 

study in details the features of the electro- and magnetoresistivity in MoTe2 before and after 

quenching. 

2. Materials and Methods 

MoTe2 single crystals were grown by the chemical vapor transport method using Br2 as a transport 

agent. The growth procedure was carried out according to the method described in [3]. X-ray 

diffraction analysis revealed that MoTe2 before quenching crystallizes in a hexagonal structure with 

the lattice parameters a = 3.540(7) Å and c = 13.983(5) Å. The chemical composition of the samples 

was confirmed by X-ray microanalysis using a FEI Inspect F scanning electron microscope equipped 

with an EDAX attachment. The temperature and field dependences of the resistivity ρ(T) were 

measured by the standard four-contact method in the temperature range from 1.8 to 300 K in magnetic 

fields of up to 9T. The measurements were carried out using the PPMS-9 system (Quantum Design) in 
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UB of RAS. 

3. Results and Discussions 

Figure 1 shows the temperature dependences of the electroresistivity ρ(T) of MoTe2 before (a) and 

after (b) quenching in the temperature range from 1.8 to 300 K. The dependence ρ(T) before 

quenching (figure 1a) demonstrates a "semiconductor" behaviour with a very large resistivity value at 

low temperatures of more than 10
5
 Ohm·cm, while the resistivity is less than 1 Ohm·cm in the 

temperature range 50–300 K. As can be seen from figure 1b, quenching leads to a drastic change in the 

behaviour and value of the electrical resistivity. The temperature dependence ρ(T) of MoTe2 after 

quenching shows a "metallic" type with a resistivity value of ~ (1.1-6.8) mOhm·cm.  
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Figure 1. The temperature dependences of the electroresistivity of MoTe2 before (a) and after (b) 

quenching. 

 

At low temperatures, the field dependence of the magnetoresistivity (MR) of non-quenched MoTe2 is 

close to quadratic one and is about 7% at T = 12 K in a field of B = 9T. Quenching leads to increasing 

the MR up to 15% (T = 12 K, B = 9T), and along with a quadratic field contribution, a linear term also 

appears. With increasing temperature, the MR decreases and becomes less than 1% at T = 150 K, and 

its field dependence becomes close to a linear behavior for both samples. 

4. Conclusions 

It was shown that quenching the MoTe2 single crystals leads to the dramatic changes in the electro- 

and magnetoresistivity. In this case, the resistivity value decreases up to 8 orders of magnitude (!) at 

low temperatures and a type of its temperature dependence changes from “semiconductor” to 

“metallic” one. The magnetoresistivity, which is positive for both samples, is also modified, although 

these changes are not so huge as in a case of the electrorestivity. 
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Abstract. The paper presents a study of the magnetic field dependences of the Hall and Nernst-

Ettingshausen effects in diluted magnetic semiconductors (III, Mn)V and (III, Fe)V based on 

InFeSb, GaFeSb, InMnAs formed on a GaAs substrate by pulsed laser deposition in vacuum. 

In addition to the presence of the anomalous Hall-effect, the occurrence of the anomalous 

Nernst-Ettingshausen-effect in the studied systems is shown. The difference in the 

characteristic form of the magnetic field dependences of the effects in systems with Mn and Fe 

is demonstrated, which is presumably related to the different nature of the appearance of 

magnetism in the film. 

1. Introduction 

One of the main directions of development of alternative electronics is spintronics. For the 

implementation of electronic devices, the principle of which is based on the use of the spin of charge 

carriers, diluted magnetic semiconductors (DMS) with a Curie temperature close to room temperature 

are required. The main technique for studying the magnetic properties of the magnetic field near the 

Curie point today is the long-developed and well-studied anomalous Hall effect (AHE) [1]. However, 

this technique has a number of limitations that reduce the possibilities for studying, for example, the 

transport and magnetic properties of high-resistance structures, or do not allow determining their 

parameters with the necessary accuracy. An additional research method, and in certain cases an 

alternative method, are effects based on a combination of thermoelectric and thermomagnetic 

phenomena (Nernst-Ettingshausen effects). These methods, in combination with the Hall effect, can 

reliably determine the nature of carrier scattering, and, as a result, more accurately calculate the 

transport parameters of structures. 

In addition, in ferromagnetic structures, along with the “ordinary” NE effect, the anomalous NE effect 

can also be recorded (by analogy with the anomalous AHE). The parameters of the anomalous NE 

effect, in particular, its sign, provide information on the nature of carrier scattering in ferromagnetic 

materials above and below the Curie point and, in some cases, on the mechanisms of ferromagnetic 

ordering. 

 

2. Experimental 
The NE effect, by analogy with the Hall effect, is described by the expression 

𝑈𝑁𝐸 = 𝑄0𝐵∆𝑇 + 𝑄𝑀𝑀(𝐵)∆𝑇, 
𝑈𝐻 = 𝑅0𝐵𝐼 + 𝑅𝑀𝑀(𝐵)𝐼, 

(1) 

where Q0, R0 are the ordinary constants of the NE effect and Hall effect, respectively, B is the 

induction of an external magnetic field, M (B) is the magnetic field dependence of the magnetization 
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of the structure, I is the current passed through the structure, ΔT is the temperature gradient, QM, RM 

are the anomalous constants of the NE effect and Hall effect respectively. 

In recent years, layers of ferromagnetic semiconductors (Ga, Fe) Sb [1] and (In, Fe) Sb [2] with a 

Curie temperature have been obtained above room. A study of Fe-doped III-V semiconductor layers 

indicates that ferromagnetism is not connected in them directly with exchange interaction through 

carriers charge (carrier-mediated ferromagnetism), as in the widely studied system (III, Mn) V, but is 

associated with some kind of superexchange interactions between Fe atoms [2-5]. The fundamental 

difference between the occurrence of magnetism in the systems (III, Mn) V and (III, Fe) V is reflected 

in the characteristic form of the magnetic field dependence of the Nernst-Ettingshausen voltage, which 

is the basis of the study in this paper.  

  
a b 

Figure 1. The magnetic field dependence of the Hall and Nernst-Ettingshausen effects in the GaMnAs 

structure at 150 K: a - structure with Mn clusters, b - structure without Mn clusters. 

 

For example, Figure 1 shows the magnetic field dependences of the Hall effect and the Nernst-

Ettingshausen effect in the GaMnAs structure at a temperature of 150 K containing the Mn (a) cluster 

and without the Mn (b) cluster. On the obtained dependences, nonlinearity is clearly observed. The 

presence of clusters of magnetic atoms was diagnosed by transmission electron spectroscopy. 

 

In conclusion  

The paper presents the results of studies of the magnetic field dependences of the Hall and NE 

voltages in a wide temperature range (10-400) K in the InFeSb, GaFeSb, GaMnAs, InMnAs. The 

structures for the study were obtained on substrates of gallium arsenide and sapphire by pulsed laser 

deposition in vacuum. An analysis is made of the presence or absence of an anomalous effect 

depending on the type of structure and the degree of ferromagnetic ordering. 
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Abstract. The circular polarization of the electroluminescence of InGaAs/GaAs spin light-

emitting diodes with injectors based on A3B5 semiconductors doped with Fe atoms, namely 

(Ga,Fe)Sb, (In,Fe)Sb, and (Ga,Fe)As, was studied. The role of the formation of a 

(A3,Fe)B5/GaAs heterobound in electron transport and spin injection is discussed. 

1. Introduction 

Diluted magnetic semiconductors (DMS) are non-magnetic semiconductor materials doped with 

magnetic impurities (3d transition metals), and therefore combine magnetic and semiconductor 

properties [1]. Such materials are considered promising as elements of spintronics devices because 

they have a high degree of spin polarization of charge carriers and a relatively simple technology of 

incorporation into structures based on semiconductors [2]. DMS (A3,Fe)B5 are considered to be the 

most promising, since the Curie temperature in such materials exceeds 300K [3]. The main objectives 

of this work were the introduction of (Ga,Fe)Sb, (In,Fe)Sb and (Ga,Fe)As layers as functional 

elements of a spin light emitting diode (SLED), as well as measuring the circular polarization of the 

formed devices. 

2. Experimental technique 

The samples were grown in several stages. At the first stage, semiconductor heterostructures with 

quantum well InGaAs/GaAs were grown by MOCVD method on p-GaAs (for SLED with (In,Fe)Sb 

and (Ga,Fe)As injectors) and n-GaAs (for SLED with the injector (Ga,Fe)Sb) substrates. At the second 

stage, the layers of diluted magnetic semiconductors (A3,Fe)B5 were formed on the surface of 

semiconductor structures by pulsed laser deposition. At the last stage Au contacts were deposited, 

mesa structures were made and a basic ohmic contact was formed. 

For studies of electroluminescence, forward bias was applied to the samples. When structures are 

introduced into a magnetic field, the EL becomes partially circularly polarized. The degree of circular 

polarization of EL is calculated by the formula 

%100)/()( 2121  IIIIPEL , 

where I1, I2 are the relative EL intensities measured for light polarized along the left and right circles 

respectively. The degree of circular polarization was measured at a temperature range of 10 – 300 K. 

 

3. Results and discussion 

The magnetic field dependences of the circular polarization degree are presented in Fig. 1. 
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Figure 1. Magnetic field dependences of PEL, measurement temperature - 10K. 

The maximum value of the degree of circular polarization was found at 10 K for a SLED with an 

(Ga,Fe)As injector and amounted to 1% in the saturation region of DMS magnetization. For SLED 

with (In,Fe)Sb, the maximum polarization value was 0.7%, and for (Ga,Fe)Sb 0.2%. It should be noted 

that when studying the magnetic field dependences of the degree of circular polarization for control 

structures without a ferromagnetic injector (A3,Fe)B5, PEL did not exceed the level of measurement 

error. This indicates that the circular polarization of electroluminescence is associated with the spin 

injection of carriers from a dilute magnetic semiconductor. 

The degree of circular polarization is determined by the efficiency of spin injection, as well as spin 

relaxation during scattering of charge carriers. In the SLED with the (Ga,Fe)Sb injector, injection of 

spin-polarized holes is realized, while for the structures with (In,Fe)Sb and (Ga,Fe)As, electron 

injection is realized. This explains the relatively low value of the degree of circular polarization for 

SLED with (Ga,Fe)Sb, since the spin diffusion length for holes is shorter than for electrons. 

With an increase of the measurement temperature, the EL intensity and PEL decrease monotonically. 

For spin LEDs with (Ga,Fe)As injectors at temperatures above 200 K, the EL intensity becomes 

comparable with the noise level, which does not allow reliable measurements of circular polarization. 

For the structure with the (Ga,Fe)Sb injector, it was not possible to measure PEL at temperatures above 

50 K due to the initially low degree of polarization. Only in an SLED with an (In,Fe)Sb injector it was 

possible to achieve circular polarization in the temperature range of 10-300K. 

Table 1. Comparative table of test samples. 

Ferromagnetic injector material PEL measurement temperature range Maximum PEL 

(In,Fe)Sb 10-300 К 0,7% 

(Ga,Fe)Sb 50К 0,2% 

(Ga,Fe)As 10-200 К 1% 

Thus, spin light-emitting diodes with injectors in the form of diluted magnetic semiconductors (A3, 

Fe) B5 are formed and investigated in the work. 
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Abstract. In this work, we present results of quantum detector tomography of superconducting 

single photon detector (SSPD) based on MoSi film. 

1. Introduction 

The first observation of single- and double-photon modes of operation of a superconducting single-

photon detector was demonstrated in [1]. When a photon hits a strip of superconductor a special area 

appears, called a hot spot. For estimation of hot spot dimensions in literature, a diffusion coefficient in 

normal state is used, which could lead to some inaccuracies. Direct method of hot spot sizes 

measurement, was introduced by Renema et al. [2]. They used nanowires with width from 100nm to 

400 nm. But nonuniform distribution of the current and absence of saturation of detection efficiency 

(DE) makes the interpretation difficult. After that Elezov et al. [3] used a nanowire with length of 500 

nm, but the impact of double-photon counts was comparably small. Afterwards, in our work [4] a 

samples on waveguides with different width from 80 to 280nm, were fabricated.  Number of absorbed 

photons is known exactly (due to 100% internal DE and 100% absorption). But a total length of 80-280 

nm, was yet too long. Previously we reported a usage of our protocol to specially fabricated samples of 

NbN [5]. A correlation length for hot spots was obtained and was equal to 70nm. In this work we applied 

our method to the samples of MoSi films, and compared with fabricated previously NbN films. 

2. Experimental results 

Fig.1 shows plots of the interaction length of two hot spots versus the critical current (Ic) normalized to 

the deparing current (Idep). The goal is to extract hot spot interaction length, measuring quadratic 

contribution to the photo-count probability vs. mean number of photons in the laser pulse.  Detectors 

made from MoSi film show saturation at a lower I / Idep value than detectors made from NbN. It can be 

seen that MoSi spots are more efficient than NbN hot spots. The experimental data obtained in this work 

are consistent with the model presented by Vodolazov et al [6] 
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 Figure 1. The interaction length of two hot spots versus the critical current (Ic) normalized to the 

deparing current (Idep). Red dots is NbN green dots is MoSi 
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Abstract. The Hall resistivity and magnetoresistivity of thin films of a topological insulator of 

Bi2Se3 with a thickness of 10 nm to 75 nm in the temperature range from 4.2 to 80 K was 

measured. A size effect in the kinetic properties of Bi2Se3 films was observed, i.e. linear 

dependence of the Hall coefficient and magnetoconductivity of the film on its reciprocal 

thickness. It is suggested that a similar effect can be observed in other TIs and systems with an 

inhomogeneous current distribution over the cross section of the sample. 

1. Introduction 

In recent years new quantum materials with a topologically nontrivial band structure resulting from 

strong spin-orbit interaction have been predicted theoretically and discovered experimentally. First of 

all, these are topological insulators (TI). In these compounds there is an energy gap in the bulk of the 

material, characteristic of an insulator, and protected gapless conducting states on its surface. The rigid 

coupling between the directions of the pulse and the electron spin leads to the appearance of spin 

polarization of charge carriers and the possibility of spin-polarized current flowing near the surface of 

the TI with virtually no losses [1].  

2. Experimental 

Thin films of Bi2Se3 were grown by the molecular beam epitaxy method on Al2O3 substrates with 

thickness from 10 to 75 nm. The Hall resistivity ρxy and magnetoresistivity ρxx were measured by the 

conventional 4-points method at dc-current in the temperature range from 4.2 to 80 K and in magnetic 

fields of up to 10 T. The results are presented in units of conductivities σ0 ≈ 1/ρ0, σxx ≈ 1/ρxx and Hall 

coefficient RH. 

3. Results 

Since TIs of conductivity in its volume and near the surface differ significantly, TI can be represented 

as a system of two parallel-connected conductors: a “metal” surface and a “semiconductor” bulk (see 

[2, 3] and references therein). As was shown in [2, 3], the conductivity σ of such a system can be 

represented as: 

 
.surf bulk

d


      (1) 

Where σsurf. is a surface conductivity of the surface layer with a thickness of δ, σbulk is a bulk 

conductivity. Thus, the dependence of conductivity σ on the inverse film thickness d-1 should be 
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observed, i.e. σ = f (d-1). The purpose of this work is to search for and study the size effect in the 

kinetic properties of the topological insulator Bi2Se3. 

As a result of the experiments performed, a size effect was discovered, i.e. the dependence of the 

kinetic coefficients (magnetoconductivity, Hall coefficient) on the inverse film thickness. In fig. 1a 

shows the dependence of the magnetoconductivity in the magnetic field of 10 T at T = 4.2 K on the 

inverse thickness of the samples of TI Bi2Se3. In fig. 1b shows a similar dependence for Hall 

coefficient. 

  

Figure 1(a, b). Size effect for magnetoconductivity (a) and Hall coefficient (b) in TI Bi2Se3 in the 

magnetic field of 10 T at T = 4.2 K. 

4. Conclusions 

The results of this work allow to experimentally “separate” the bulk and surface contributions. It was 

found that the value of the surface contribution by almost an order of magnitude exceeds the value of 

the bulk. The obtained results can be used for “separation” and evaluation of the values of surface and 

bulk contributions in kinetic coefficients also in other TIs and systems with non-uniform distribution 

of direct current over the cross section of the sample. 
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Abstract. The results of numerical simulation of chemical-thermal treatment, namely, heating 

of a massive metal container with a working medium and a small-sized titanium disk sample, 

are presented. To study the heating kinetics of this system, the effect of the parameters of 

chemical-thermal treatment, in particular the inductor current from 3.4 to 8.0 kA at a frequency 

of 90 kHz, was determined. 

1. Introduction 

Titanium and its alloys are widely used in industry for the production of critical items in aircraft 

and machine building, medicine, and the chemical industry. However, titanium alloys have low values 

of hardness and coefficient of friction and this structural material is characterized by a tendency to 

contact setting and tear. These problems can be solved by the use of surface modification. One of the 

effective methods is chemical-thermal treatment (CTT), e.g. carburization [1,2]. The developed 

process of carburization is used to increase the hardness and wear resistance of small-sized titanium 

products (disks, cylinders, bushings and fasteners). This process is usually performed in a sealed 

container, inside which the working medium is poured and a modified sample is placed. When heating 

the "container – working medium – sample" system the temperature on the outer surface of the 

technological chamber (container) differs from the internal temperature [3,4]. The presence of the 

modifying medium also reduces the allowable temperature of treatment, which is determined by the 

Ti–C state diagram. 

Thus, the aim of this work is to determine the temperature field in the working area of the container 

with the given CTT parameters due to the use of numerical simulation by the finite element method. 

 
2. Methodology 

The CTT process, namely carburization, was conducted in a sealed container of refractory metal 1 

with a carbon-containing medium 2 in the form of graphite powder and a titanium sample 3 inside. 

The loading container was located in an inductor 5, which was cooled by water 6. There was a quartz 

tube 4 between the container and the inductor, which served as thermal and electrical insulation.  

The current of inductor I during simulation varied from 3.4 to 8.0 kA at a fixed frequency f of 

90 kHz. The current values from 3.4 to 5.5 kA were the main ones and corresponded to the modes for 

quasi-stationary exposure at the given carburization temperatures. The highest current value I = 8.0 kA 

was used during carburization to ensure the accelerated heating of the system to the required 

temperature of exposure.  
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Figure 1. A plot showing the temperature distribution of the temperature fields in the "container – 

working medium – sample" system: 1 – a container, 2 – working medium, 3 – a disk-shaped titanium 

sample, 4 – a quartz tube, 5 – an inductor, 6 – water 

 

3. Results 
The results of heating and distribution of the temperature fields during heating of the model of the 

considered system at the current strength I = 3.4–5.5 kA showed that the temperature range from 1100 

to 1400 ºС was reached in the working area of the container. This temperature range was sufficient for 

the carburization to occur [2,5]. At the current of 8.0 kA, rapid heating of the active part of the system 

to a temperature exceeding the melting point of titanium was ensured. The selected design contributed 

to the formation of a uniform thermal field inside the massive container.  

 

4. Conclusions 

Thus, the theoretical results of the heating kinetics of the "container – working medium – sample" 

system showed that the application of the considered values of the inductor current in the range 3.4–

5.5 kA ensured the necessary conditions for the CTT process in a carbon containing medium 

(graphite). The use of an increased inductor current of 8.0 kA made it possible to accelerate the 

heating of the active part of the system elements and, thereby, to increase the productivity of the 

carburization process.  

 

Acknowledgments 

The research was supported by the Russian Science Foundation (project No. 18-79-10040). 

 

References 
[1] Cheng K, Pagan N, Bijukumar D, Mathew M T and McNallan M 2018 Thin Solid Films 665 148 

[2] Fomina M, Voyko A, Egorov I, Shchelkunov A, Zakharevich A, Skaptsov A and Shumilin A 2018 

Proc. SPIE 11065 110661G 

[3] Voyko A and Fomina M 2019 J. Phys. Conf. Ser. 1410 012193 

[4] Voyko A, Fomina M. Shumilin A, Rodionov I, Kalganova S, Artyukhov I, Fomin A 2018 J. Phys. 

Conf. Ser 1124 071021 

[5] Fomin A, 2019 Ceram. Int. 7 8258 

413



 

 

 

 

 

 

Near-electrode polarization and determination of the mobility 

of intrinsic charge carriers in PVDF films 

M E Borisova1 A M Kamalov2
  B M D N S Jayasinghe1  

1
Higher school of High Voltage Energy, Peter the Great St. Petersburg Polytechnic 

University, Saint Petersburg 195251, Russia 
2
Mechanics of polymers and composite materials Laboratory, Institute of 

Macromolecular Compounds RAS, Saint Petersburg 199004, Russia 
 
Abstract. The process of near-electrode polarization in a polyvinylidene fluoride (PVDF) film 

was studied using reverse currents Irev(t). It was proved that the maxima on the Irev(t) curves are 

characteristic of near-electrode polarization. The dependences of the reversal currents on time 

were analyzed based on various representations. The mobilities of the intrinsic charge carriers 

in the film and the magnitude of the charge transferred through the dielectric layer from 

electrode to electrode were calculated. The conductivity of PVDF was studied and analyzed in 

the temperature range 90°C-130°C. 

1. Introduction 

If blocking layer appears between the dielectric and the electrode, then under the influence of a 

constant electric field the own charge carriers move to the electrodes. A bulk hetero charge is formed 

in the near-electrode region. This phenomenon is called near-electrode polarization. In this case, the 
electric field strength in the near-electrode layer increases sharply, and a charge of the opposite sign is 

induced on the electrode. This phenomenon is important to consider in electrical insulation, as well as 

in determining the dielectric constant in the low frequency region. 
In the present work, it is shown that using reverse currents determines the presence of near-electrode 

polarization. From the maxima at reverse currents, one can determine the mobility of free charge 

carriers 

2. Methods  
2.1. Measuring charge and discharge currents 

The electrical conductivity was studied in isothermal conditions (90-130)
o
C. The currents were 

measured using a picoammeter A2-1 with a two-electrode system. The sensitivity of the picoammeter 
A2-1 is 10

-15
A. The measurement error of current is 1%. The films were coated with aluminum foil. 

The diameter of the electrodes was 16 mm. The charging currents were measured on constant voltage 

±100V, electrical field strength was ~5*10
5
V/m. The time of current measurement was 10 minutes.  

2.2. Reverse Current Measurement 

When measuring reverse currents Irev(t) on the electrodes between which the film is located, a constant 

voltage U is first applied,  later change polarity to another (-100V). On the Irev(t) curve, one or more 

maxima can be observed.  
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3. Results and Discussion 

The dependences of charging current on time are presented in Fig. 1. As can be seen from the Fig. 1 

the electric current decreases over time. On a stationary basis, the charging current is calculated for the 

specific volume of conductivity of the PVDF film, which is shown in Fig. 2. 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

3.3. Study of reverse currents 

 In Fig. 3. it can be seen that the higher the temperature, the narrower the maximum, the shorter the 
time tm and the greater the magnitude of the current by Irev (t). The appearance of a current maximum 

at Irev (t) indicates near-electrode polarization. 

The calculation of the mobility of their own 

charge carriers was carried out according to 
several models [1].  

  

Conclusions 
Transient processes of electric transport and 

polarization in a PVDF film are investigated. 

On the Irev(t) curves, systematic reproductions 
of current maxima were found, which confirms 

the presence of near-electrode polarization in 

the PVDF film. Dependences Irev(t) were 

studied in the temperature range at field 
strength. Using the maxima on the curves 

Irev(t) calculated the mobilities of the proper 

charge carriers in the dielectric 

 12 13 210 10 m V s     . 

The temperature dependence of mobility is described by an exponential law, and the activation 

energies are (0.5-0.8) eV. 
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Abstract. The numerical impact modeling of some external effects on devices based on 

AlGAs/InGaAs/GaAs heterostructures (pHEMT) was carried out. The mathematical model 
was created that allowed to predict the behavior of the drain current depending on condition 

changes on the heterostructure in the barrier region and to start the process of directed 

construction optimization of the devices based on AlGaAs/InGaAs/GaAs pHEMT with the aim 

of improving their noise characteristic. 

1. Introduction 

Amplifiers based on MMIC that are the part of microwave radiometry equipment have special 
requirements for noise characteristics. It should be noted that it includes not only the desire to 

minimize the noise of active MIC amplifying elements, in our case, heterostructured pHEMT, but also 

the stability of noise characteristics with the thermodynamic balance of the system “biological body - 
the radiometer input circuits” even in conditions of special antenna noise. 

Optimization of such transistors production cycle is still a complicated and expensive procedure [1-

3]. This paper presents the results of numerical simulation and calculation of the low noise features 
pHEMT for increasing efficiency when they are operating as a part of amplifiers for microwave 

radiometry equipment. 

2. Simulation results 
According by previous studies [4], the most important influence on the characteristics of 

heterostructured field-effect transistors is provided by the parameters of the gate region (thickness, 

composition and doping profile of individual layers, geometric dimensions and profile of the gate 

groove, topological dimensions and spatial location of the gate electrode). The choice of optimal 
parameters of the gate area was very important, for example, to obtain optimal noise characteristics at 

a given length of the gate electrode, providing the required level of the breakdown voltage, enhance 

the stability of device characteristics to possible fluctuations of technological process parameters. 
Additional calculations of the distribution dependence of local noise sources in the volume of the 

structure from the concentration of charges at the dielectric-semiconductor interface were performed 

for the most accurate prediction of the behavior of noise parameters. The developed software package 
was successfully applied in the work for this purpose [4]. 
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According calculation results that are shown in Fig.1 the value of the introduced charge q=1e12 

[cm-2] corresponds to the location of 1e12 electron charges on the cm-2 of dielectric-semiconductor 

boundary surface. 

 

Figure 1. The image of the screen for a calculating of the local noise sources through the transistor in 

the state of normal depletion of the sub-gate region. 

3. Conclusion 
Performed calculations of the distribution of local noise sources in the volume of the heterostructure 

from the concentration of charges at the dielectric-semiconductor interface show strong 

interconnection.  The existence of an optimal charge at the heterostructure boundary for achievement 

of minimal noises in the device without taking into account self-heating were predicted by numerical 
modeling [5-7]. It is quite correct taking into account the modes of small displacements on the 

electrodes in the MMIC equipment for microwave radiometry. 

The research is carried out to the research project No. 19-19-00349 on the theme: “A method and a 
multichannel multifrequency microwave radiothermography on the basis of monolithic integrated 

circuits for finding the 3D distribution and dynamics of brightness temperature in the depths of the 

human body” (Russian Science Foundation). 
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Abstract. With the size decreasing of conductors, near a certain critical size, new effects are 

observed that are invisible in massive bodies. They are called quantum size effects (QSE), and 

one of these effects is the shift of the critical temperature Tc in superconductors.  

1. Introduction 

At the moment, it is known that in superconductors such as lead, niobium and mercury, the value of 

Tc decreases, while in indium, tin and aluminium, this value, on the contrary, increases [1]. However, 
it is still not clear what effect is responsible for such a change in Tc and why in some materials the 

temperature increases, while in others it decreases. In the mid-60s of the last century, two main factors 

responsible for this change were identified: the electron – phonon interaction and disordering effects 
caused by the fact that the structures are not ideal in their structure [2]. The topic would seem to be 

closed, but nonetheless, the quality of nanostructures is growing every year, and the effect is 

preserved. In the early 2000s, there was an assumption that the presence of plays a significant role in 
this problem. We are trying to prove or disprove this statement in our work.  

2. Experiment 

Thin films of aluminium were investigated in our work, since Tc in aluminium is reasonably well 

predicted, and most importantly, the Tc value in it increases, which opens some prospects for practical 
application. Aluminium has already been studied before, but nevertheless, in many works the data are 

very fragmented and do not tolerate any criticism when compared with theory. The problem is 

primarily associated with the manufacture of samples: it is quite difficult to produce technologically 
equivalent samples even in one batch. For a complete study of various effects, aluminium films were 

fabricated on gallium arsenide and sapphire substrates by two methods: electron sputtering and 

molecular beam epitaxy. The thickness range is between 5 nm and 100 nm for sprayed films and 

between 5 and 60 nm for epitaxial films. This is due to the fact that in epitaxial films the increase in Tc 
is less pronounced and becomes noticeable at thicknesses of the order of 60 nm, while in ordinary 

films the difference is already visible at 100 nm. Aluminium films were measured in a cryostat by 

direct pumping of helium-4 and in a sorption cryostat with pumping of helium-3. The measurements 
were carried out at a direct current of 0.1 μA - 1 μA, using the four-point method, with an error in 

determining the temperature of ~ 1 mK. 

3. Results 
In the frame of the BCS model, the critical temperature of the superconducting transition 

exponentially depends on the density of electronic states at the Fermi level N (EF) and the electron-

phonon coupling constant V: 
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𝑇𝑐~𝑒𝑥𝑝(−𝑁(𝐸𝐹)𝑉)
−1 

 
In [3], it was shown that due to the QSE in thin superconducting films, both parameters N (EF) and V 
nonmonotonically change with the sample thickness. Such an effect is explained by the theory of 

shape resonance [4]. Based on the high quality of the films, it is assumed that the influence exerted by 

various defects and inhomogeneities of the films on the shift in the value of Tc is minimal, and thus is 
not the dominant factor. Surface effects also introduce minimal disturbance due to the fact that the 

film sizes are quite large. 

The measurements showed an increase in the critical temperature in all samples: up to 2 K in 

evaporated films and up to 1.6 K in epitaxial films [5], however, epitaxial films on gallium arsenide at 
small thicknesses are island growths, so they could not be measured below a certain thickness. 

Nevertheless, epitaxial films on a sapphire substrate have a continuous structure along the entire 

length of the film and have the same thickness over its entire length. Their study also showed an 
increase in Tc, however, much less than in conventional sprayed films. 
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Abstract. We report on a comparative study of resistive switching in the memristors based on 

ZrO2(Y) films and on ZrO2(Y)/Ta2O5 stacks by triangle pulses with high-frequency sinusoidal 

signal. The dependencies of the current difference in the low resistance state and in the high 

resistance one on the sinusoidal signal frequency for the memristors based on ZrO2(Y) and on the 

ZrO2(Y)/Ta2O5 stack manifested one and two maxima, respectively attributed to the resonant 

activation of the oxygen ion migration by the alternating electric field in ZrO2(Y) and Ta2O5. 

1. Introduction 

Recently, resistive switching (RS) attracted much attention due to potential applications in non-volatile 

memory, the neuromorphic computing, etc. [1]. RS consists in a bistable (multistable) switching of the 

resistance of a dielectric film between two conductive electrodes under a voltage applied. The RS 

mechanism in oxides consists in forming and rapture of conductive filaments (composed of oxygen 

vacancies, VOs) in an electric field between the electrodes. The electronic devices based on the RS are 

called memristors.  

At present, application of memristors is limited by instability of the RS parameters, which is an intrinsic 

property of RS originating from its stochastic nature. Recently, a novel approach to solving this problem 

based on noise-enhanced stability effect in multistable stochastic systems was proposed [2]. Earlier, we 

found the high-frequency (HF) sinusoidal signal added to the switching pulses to improve the RS stability 

in ZrO2(Y)-based memristors [3]. The effect was attributed to the resonant activation of the O2− ion 

motion (drift/diffusion) via the VOs in the alternating electric field, which promotes the rapture and 

restoring of the filaments. Resonant activation of the transitions between metastable states is another 

phenomenon manifesting a beneficiary role of noise [4].  

In the present work, we studied the effect of the HF signal frequency on the RS in memristors based on 

ZrO2(Y) and on ZrO2(Y)/Ta2O5 stacks. The Ta2O5 sublayers were found to improve the RS stability 

because of self-forming of Ta-rich nanoinclusions in the Ta2O5 layers, which play the role of the electric 

field concentrators promoting the filament growth [5]. The goal of the present study was to confirm 

resonant activation of the O2− ion motion to be the origin of the RS improvement. 

2. Materials and Methods 

The dielectric films were deposited by HF magnetron sputtering. The thickness of the ZrO2(Y) (≈12 % 

mol. Y) films was ≈40 nm, the one of the Ta2O5 sublayers was ≈10 nm. The cross-point memristors of 20 

× 20 µm2 in size were fabricated by optical lithography. 

The RS was studied using a protocol shown in in Figure 1(a). The HF sinusoidal signal pulses with 

amplitude A = 0.2 V, duration Tm = 0.1s, and frequency f = 0.1 – 25 kHz were added to the tops of the 

triangle switching pulses with the amplitudes VSET = 3.5 to 4.5 V and VRESET = −3.5 to −2.5 V and the 

durations TSET, TRESET = 1 s. Here VSET and VRESET are the switching voltages from the high resistance state 

(HRS) to the low resistance one (LRS) and back, respectively. The values of the current through the 

memristor in the LRS and HRS ION and IOFF, respectively were recorded at the read voltage VREAD = 2 V 

and averaged over NREAD = 20 samplings. The measured values of ION and IOFF were averaged over 30 

write/erase switching cycles. 
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Figure 1(a, b). (a) Switching protocol; (b) Frequency dependencies of the difference ION − IOFF. 

3. Results and Discussion 

The dependence of the difference ION − IOFF for the ZrO2(Y)-based memristor of f shown in Figure 1(c) 

manifested a maximum at f ≈ 2.5 kHz corresponding to the frequency of the O2− ion jumps to the adjacent 

VO
s in ZrO2(Y) at 300 K (0.4 – 8 kHz [6]). This observation confirmed the resonant activation of the O2− 

ion motion to be the origin of the improvement of the RS performance. The dependence of ION − IOFF on f 

for the memristor based on the ZrO2(Y)/Ta2O5 stack manifested two maxima. The higher frequency one at 

f ≈ 6.5 kHz can be attributed to the resonant activation of the O2− ion motion in the ZrO2(Y) layer whereas 

the lower frequency maximum at f ≈ 1 kHz can be ascribed to the resonant activation in the Ta2O5 

sublayer. One can estimate the activation energy for the thermoactivated jumps of the O2− ions onto the 

adjacent VOs in the Ta2O5 sublayer Ea from the maximum frequency fi according to the formula 

𝑓i ∼ 𝑓0𝑒𝑥𝑝 (−
Ea

𝑘𝑇
),                                                                         (1) 

where 𝑓0 ∼ 1013 Hz is the phonon frequency, k is Boltzmann constant, and T is the temperature. For 𝑓i = 1 

kHz one obtains Ea ≈ 0.6 eV at 300 K. This value is 2 times smaller than the activation energy of oxygen 

diffusion in Ta2O5 (≈1.2 eV at T > 700 K [7]). On the other hand, it is ≈3 times greater than the one 

extracted from the electrical parameters of the Ta2O5 based memristors (≈0.2 eV [8]). This discrepancy 

can be attributed to formation of the non-stoichiometric Ta-rich nanoinclusions in the Ta2O5 sublayer [5].  

4. Conclusion 

The results of present study confirm the resonant activation of the O2− ion motion in the alternating 

electric field to be the origin of the beneficiary impact of adding the HF sinusoidal signal to the switching 

pulses on the RS performance in the memristor based on the ZrO2(Y) films and the ZrO2(Y)/Ta2O5 stacks. 

These results manifest the fundamental properties of memristor as a stochastic multistable system and 

indicate the prospects for development of innovative switching protocols to improve the RS stability.  
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Abstract. In this paper a computational algorithm for calculating current density of low-
dimensional semiconductor heterostructures based on an artificial neural network is proposed. 
The neural network training is performed using the quantum-mechanical model of Green's 
Functions. 

Introduction 
The rapid development of modern electronics has allowed the use of low-dimensional semiconductor 
heterostructures to increase the operating frequency range of devices called "ultrafast" [1,2]. However, 
such a small channel size of nanoelectronic devices leads to difficulties in ensuring their reliability due 
to the critical influence of degradation processes not only during their operation, but even during their 
manufacture. Modern technology computer-aided design (TCAD) systems in most cases are based on 
the use of semi-classical current transfer models [3], which makes them impossible to implement in 
the latest structures with quantum restriction and does not allow degradation in such structures at the 
design stage. In practice, developers are forced to use "blind" selection methods or intuitive methods 
"from production experience" to select the design parameters of ultrafast devices that provide the 
required performance characteristics. For the above reasons, an actual problem is the development of a 
TCAD software package for devices based on low-dimensional semiconductor structures with a 
quantum constraint, which allows evaluating the operating properties and reliability parameters of a 
nanoelectronic device at the design stage [4].  

Simulation model 
When developing TCAD tools for electronic devices, the efficient use of computing resources is very 
important. For example, in order to estimate the reliability of a device, it is necessary to perform at 
least 103 iterations of the calculation of operating characteristics. Correspondingly, the overall 
efficiency of the software package directly depends on the efficiency of the most frequently performed 
operating characteristics prediction module. The authors proposed to use an artificial neutral network, 
trained by quantum-mechanical model [5], as a predictor of operational characteristics in the 
technology computer-aided design system of modern microelectronic devices based on low-
dimensional semiconductor heterostructures with quantum limitation.  
Nowadays artificial neural networks are widely used in various fields of technology for approximation 
of complex functional associations [6]. It is known that any continuous function of many variables can 
be approximated by a neural network with a given accuracy. For simulation of current density the 
authors used forward propagation neural network (multilayer perseptron). The sigmoid function was 
chosen as a function of neuron activation. Training was carried out using the reverse propagation 
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method, and the Bayesian regularization was used as the minimization algorithm. The training set was 
obtained using a quantum-mechanical model based on Green's functions. Figure 1 (a) shows a 3D- 
graph, describing the dependence of current density on well width. As part of the verification, the 
results obtained by developed model and model based on Landauer-Buttiker formalism were 
compared. The final error in predicting current density using a model with an artificial neural network 
as a predictor does not exceed 3% (Fig. 1 (b)). 

  

Figure 1 (a, b). (a) 3D graph describing the dependence of current density on well width;(b) The 
cross-section of a three-dimensional graph of the current density by the plane (well width is 8 nm) 

Conclusion 
The authors developed an effective computational algorithm for modeling the current-voltage 
characteristic of ultrafast devices based on low-dimensional semiconductor heterostructures. An 
artificial neural network trained on the basis of a quantum-mechanical model, based on the formalism 
of Green's functions, was used as a predictor. According to the benchmark tests of algorithms for 
predicting the current-voltage characteristics, an algorithm based on a trained artificial neural network 
demonstrated an increase in computational efficiency by more than two orders of magnitude in 
comparison with other quantum-mechanical models or models based on conditional analytical 
methods. As part of the validation of the developed computational algorithm, the difference between 
the model and the experimental beginning section of the CVC of resonant tunnel diode was estimated, 
and obtained error does not exceed 5%. Wide possibilities for modification by taking into account 
additional parameters and further complication of the model used for the formation of the training set, 
and also high efficiency of the proposed approach allow to conclude that it is reasonable to use 
artificial neural networks as an optimal in terms of efficiency predictor during the development of a 
software for technology computer-aided design of ultrafast devices based on low-dimensional 
heterostructures. 
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Abstract. In this study was constructed test element for quality control of SiC Schottky type 

high voltage diodes. It is shown that proposed test element give possibility for determination of 

parameters for testing diode before Schottky contact formation and therefore can be decrease 

production costs in production of SiC Schottky type high voltage diodes. 

1. Introduction  

The Schottky type diodes on the base of silicon carbide (SiC) have several advantages over traditional 

diodes because of high values of breakdown voltage and now are key components of power 

electronics [1]. In our previous studies it is established that SiC Schottky diodes produced by company 

the AO «GRUPPA KREMNY EL» (Bryansk, Russia) demonstrate good characteristics by dV/dt 

parameter [2]. However, one of some problems is determination of quality of produced diodes during 

their manufacturing procedure. Early was proposed test element for quality control of the manufacture 

of GaAs Schottky diodes, consisting of a Schottky diode formed on an epitaxial structure of one type 

of conductivity [3], but the main disadvantage of this test element is increased leakage currents of the 

Schottky diode because of higher field strength at the boundary of the metallization edge of the 

Schottky contact and the semiconductor. Therefore, structure 4H-SiC diode proposed in paper [4] is 

more preferable. Therefore the main goal of this study is to construct test element for quality control of 

SiC Schottky type diodes based on proposed in paper [4] Schottky structure diode.  

 

2. Materials and methods 

 

The proposed test element (see Fig. 1) has the following structure: on the silicon carbide substrate of 
n -type conductivity from 4H-SiC (1), an n -type epitaxial layer with 13 μm thick (2) with an 

impurity concentration of 510
15

 cm
-3

 is formed. Further, for increasing of breakdown voltage was 

carried out implantation with boron ions (doses of 310
15

 cm
-2

 and 610
15

 cm
-2

) with energies of 150 

keV and 350 keV, respectively (depth of ≈0.67 μm), then p-type planar working junction 3 and a p-

type dividing ring were formed (4) by annealing at a temperature of 1580 °C. Then, a silicon oxide 

layer SiO2 (5) is formed two contact windows 6 were etched in oxide layer SiO2. 

 

3. Results and discussion 
 

If voltage is applied between the planar working junction (3) and the dividing ring (4) (see Fig. 1) we 

can determine the pinch-off potential of ring after the formation of the dividing rings before the step  
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Figure 1. The structure of the test element: 1  n -type substrate;  2  n -type epitaxial layer; 3  p-

type planar working junction (collector);  4  p-type dividing ring (emitter); 5  layer of SiО2 silicon 

oxide; 6  contact windows; d   is the gap between the emitter and the collector. 

 

when Schottky contact is formed. Then, based on the obtained value of the ring potential, we can draw 

conclusions about the correct choice of the gap and the annealing mode, which increases the efficiency 

of control. As a rule, if pinch-off voltage Up.o. is high (>150 V) there is possibility redistribute of boron 

by mean of impulse annealing, but in case if Up.o. is small (<70 V) it lead to rejection of testing diode 

before Schottky contact formation that can be decrease production costs. Some test results of diode 

with various gap between emitter and collector are shown in Table 1. As follows from obtained data 

the optimal gap is 2.5 μm when breakdown voltage (~1550 V) is more then in case of 1.0 μm (~1150 V). 

Table 1. The measurement results of the two test elements and Schottky diodes with different 

gaps d, fabricated on the same epitaxial structures and technological conditions. 

No. d (μm), gap between 

emitter and collector  

Number of 

rings in testing 

diode 

Up.o. (V), pinch-

off voltage of 

emittercollector 

for test cell 

U (V), 

breakdown 

voltage 

(25°С) 

U (V), 

breakdown 

voltage 

(60°С) 

dV/dt (V/ns), 

speed of reverse 

voltage increase 

before failure 

1 2.5 5 130 1550 1540 200 

2 1.0 5 50 1150 1140 200 

4. Conclusions. 

Finally, the proposed test element allows to choose optimal parameters for SiC Schottky type high 

voltage diodes before Schottky contact formation operation and spare production costs. 
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Abstract. In this paper we report on the fabrication of a planar Schottky diode utilizing a Г-
shaped anode suspended bridge. The bridge maintains transition between the top and bottom 
level planes of a 1.4 µm thick GaAs mesa. To implement the profile of a suspended bridge and 
inward tilt of a mesa wall adjacent to it, we make use of a selective etching of gallium arsenide. 
The layout proposed enables fabrication of a diode with mesa thickness of an arbitrary value to 
mitigate AC losses in the diode layered structure at terahertz frequencies of interest. At 
frequencies above 1 THz, it is also beneficial to use the layout proposed for the implementation 
of InGaAs Schottky diodes grown on InP substrate. 

1. Introduction 
Nowadays, GaAs is in vast demand in the monolithic microwave integrated circuit receiver technology 
including development of power amplifiers, frequency multipliers, coherent and direct detectors for 
both scientific and civilian purposes [1, 2]. GaAs planar Schottky diodes can successfully act as key 
elements for the development of sources and detectors of electromagnetic radiation. Shift towards 
terahertz frequencies of observations inspired by the increase of output power provided by modern 
solid-state sources leads to the need to create new efficient designs and technologies for implementing 
Schottky diodes based frequency conversion devices. For these purposes, we develop geometry and 
fabrication technology of a GaAs planar Schottky diode utilizing Γ-shaped anode suspended bridge. 
We also suggest that it is beneficial to use the layout proposed for the implementation of InGaAs 
Schottky diodes grown on InP substrate. 

2. Implementation of diodes under study 
The layered structure of a planar Schottky diode utilizing a Г-shaped anode suspended bridge is 
provided in Fig. 1. Referring to Fig. 1(a), the following designations are employed: 1 – SI-GaAs, 2 – 
AlxGa1-xAs, 3 – n+-GaAs, 4 – n-GaAs, 5 – SiO2, 6 – ohmic contact, 7 – cathode outer contact, 8 – Г-
shaped anode suspended bridge. The handle wafer (1) is presented by a 350 µm thick SI-GaAs layer. 
Presence of a 50 nm thick Al0.8Ga0.2As etch-stopper (2) enables formation of an n-GaAs/n+-GaAs mesa 
(1400 nm) (3, 4) without lowering of the handle wafer surface plane with respect to the mesa bottom 
level. Schottky contact is produced with the aid of Ti/Pt/Au (50/20/20 nm) metallization system 
deposited on the mesa surface through a 1 µm wide circular opening in 250 nm thick SiO2 layer (5). 
Ohmic contact to n+-GaAs (6) is implemented on the mesa top surface through an opening in n-GaAs 
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layer and makes use of Ni/Ge/Au/Ni/Au (5/20/35/15/80 nm) metallization system. Cathode outer 
contact (7) and Г-shaped anode suspended bridge (8) are presented by Ti/Au (5/450 nm) bilayer, 
which thickness should exceed total thickness of n-GaAs, SiO2 layers and can be significantly less 
than the mesa thickness. Vertical profile of the suspended bridge is determined by the mesa geometry, 
and the tilt angle (α) equals ~135˚ if the SiO2 layer symmetry plane is oriented along the wafer 
primary flat direction. The bridge width cannot exceed thickness of the mesa. The spacing between the 
Schottky contact and the bridge bend may vary from one thickness of the mesa to several tens of it. In 
case of 2 µm spacing, EM modelling [3] suggests the diode total parasitic capacitance of ~3 fF. 

 
 

Figure 1(a, b). (a) 3d model of a diode; (b) SEM image of a diode. 
 
The fabrication process described hereinabove was used to produce diodes with ideality factor of less 
than 1.2 and series resistance as low as 4 Ohm (Fig. 1(b)). In contrast to the air bridge diode 
technology relying on melting of special photoresist [1], the layout proposed enables fabrication of a 
diode with mesa thickness of an arbitrary value. The latter is beneficial for mitigation of AC losses in 
the diode layered structure [4] at terahertz frequencies of interest. At frequencies above 1 THz, it is 
also efficient to use the layout proposed for the implementation of InGaAs Schottky diodes grown on 
InP substrate. In addition to lowering of the Schottky barrier height attractive in case of a multipixel 
direct detector, the use of indium phosphide as a handle wafer can enable to avoid the need for 
membrane implementation of the diode device. The latter option is due to the recently discovered 
strong frequency dependence of the optical density of indium phosphide in the subterahertz and 
terahertz ranges [5]. 
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Abstract. Electrochemical actuators are promising candidates for implementation in various 
microfluidic systems, but they suffer from a long response time due to slow gas recombination. 
Using a series of short voltage pulses of alternating polarity (AP) instead of one single-polarity 
(SP) pulse increases the operation frequency of the actuator by several orders of magnitude. 
However, high current density of the AP process results in fast degradation of electrodes. 
Besides, each electrodes works as anode and cathode. Durable material for these conditions has 
to be found. In this work, the electrodes made of six different materials are tested in the AP 
electrolysis. Current flowing through the cell, threshold voltage for the explosive operation and 
wear of the electrodes are analyzed and compared. 

1. Introduction 
Microfluidic systems such as labs-on-a-chip and drug delivery devices are widely used in biology, 
chemistry and medicine [1]. These systems require a compact, energy-efficient and microtechnology-
compatible actuator to pump the fluid through the channels. Electrochemical actuators meet these 
criteria. A main part of the device is a working chamber with two metallic electrodes inside. The 
chamber is closed by a flexible membrane and filled with an aqueous electrolyte solution. Voltage 
applied to the electrodes induces electrochemical decomposition of water. Hydrogen and oxygen 
bubbles generated in the chamber push the membrane up. Using a series of microsecond AP voltage 
pulses instead of a SP pulse reduces the response time of the actuator by several orders of magnitude 
[2]. However, lifetime of the electrodes in the AP process is strongly limited. Firstly, the material is 
destroyed due to a high current density of >10 A/cm2. Secondly, in contrast with conventional SP 
electrolysis, each electrode alternately plays a role of a cathode and anode. The durability can be 
increased by proper selection of the electrode material. In this work, we test several metals and choose 
one that ensures the highest values of the current flowing through the cell and the longest lifetime. 

2. Materials and methods 
Planar electrodes of a circular shape are fabricated of several metals (Ta, Cu, Ti, Pt, Au and Ni) on an 
oxidized silicon wafer. A photograph of the electrodes is presented in Fig. 1a. The metals are 
deposited by magnetron sputtering. The sample is placed in a Petri dish filled with the electrolyte, 
which is а molar solution of Na2SO4 in distilled water. A layer of SU-8 protects the signal lines from 
the electrolyte. Square voltage pulses of a positive and negative polarity are applied to the circle 
electrode while the ring is grounded. The frequency of the pulses is 500 kHz. The samples are tested in 
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two regimes. In the first one, the pulses of a fixed amplitude are applied continuously during 30 min. 
The amplitude is not large enough to produce explosions of the microbubbles. We record the current 
flowing through the cell and calculate its average absolute value Iav. In the second regime, a series of 
pulses is applied to the sample every 2 s. The amplitude is adjusted to the threshold level Uth, at which 
the concentration of nanobubbles in the electrolyte reaches a critical value. They merge into a 
microbubble that explodes. The experiment lasts until the electrodes are destroyed or Uth reaches 17 V. 

 
Figure 1 (a,b). (а) Top view of the electrodes; (b) Time dependence of Iav in the continuous test. 

3. Results and discussion 
In the continuous regime, Iav decreases and then reaches a constant value (Fig. 1b). This is observed 
for all the metals under test. At the beginning of the process, Cu, Pt and Au electrodes demonstrate the 
highest average current of 55-65 mA. For Ti structures, Iav starts with 43 mA. Ta electrodes show the 
lowest values of Iav (below 12 mA). Ni electrodes are destroyed in 5 s of the process. Pt and Cu 
structures demonstrate the lowest decrease rate of Iav, while for Ti and Au the current drops faster. At 
the end of the test, Ti and Au structures provide the highest current. Ti, Cu, Ta structures are oxidized, 
while Au, Pt and Ni electrodes are destroyed. The amount of generated gas is proportional to Iav. 
Therefore, Ti, Au, Pt and Cu electrodes are suitable for the continuous operation. These metals are 
tested in the explosive regime. 
Cu and Au samples have the lowest initial value of Uth = 9.5 V. Pt and Ti electrodes start to generate 
explosions from 11 V. At the end of the test, only Ti structures are not destroyed. The threshold 
voltage reaches 17 V. Cu and Pt electrodes are destroyed in 3 min, while Au layer withstands 10 min. 
Among the tested metals, titanium is the most suitable for the actuator based on the AP electrolysis. It 
is prone to oxidation, but the oxide keeps electrical conductivity and protects the electrodes from 
mechanical damage of explosions. Gold electrodes demonstrate slightly higher current in the 
continuous regime, but are quickly destroyed during explosive operation. 
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Abstract. In this paper we report on the results of investigation of efficiency of a microwave 

reflectometry for readout of a terahertz multipixel Schottky diode direct detector. Decent 

capabilities of the microwave reflectometry readout were earlier justified by us for a hot 

electron bolometric direct detector. In case of a planar Schottky diode, we observed increase of 

an optical noise equivalent power by a factor of 2 compared to that measured within a 

conventional readout scheme. For implementation of a multipixel camera, a microwave 

reflectometer is to be used to readout each row of the camera, and the row switching is to be 

maintained by a CMOS analog multiplexer. The diodes within a row have to be equipped with 

filters to distribute the probing microwave signal properly. Simultaneous use of analog 

multiplexing and microwave reflectometry enables reduction of the camera response time by a 

factor of its number of columns. 

1. Introduction 

Nowadays, gallium arsenide is in vast demand in the monolithic microwave integrated circuit receiver 

technology including development of power amplifiers, frequency multipliers, coherent and direct 

detectors for both scientific and civilian purposes [1, 2]. Planar Schottky diodes based on gallium 

arsenide wafers can successfully act as key elements for the development of sources and detectors of 

electromagnetic radiation. In this paper we report on the results of investigation of efficiency of a 

microwave reflectometry for readout of a terahertz multipixel Schottky diode direct detector. Decent 

capabilities of the microwave reflectometry readout were earlier justified by us for a hot electron 

bolometric direct detector [3]. In case of a planar Schottky diode, we observed increase of an optical 

noise equivalent power by a factor of 2 compared to that measured within a conventional readout 

scheme. For implementation of a multipixel camera, a microwave reflectometer is to be used to 

readout each row of the camera, and the row switching is to be maintained by a CMOS analog 

multiplexer. The diodes within a row have to be equipped with filters to distribute the probing 

microwave signal properly. The frequency of a probing signal incident to the diode on the upper side 

is only limited by the output line HF losses. Thus, the requirement for a Q-factor of the filters is 

relaxed for a 32×32 pixels camera interesting from a practical point of view. Simultaneous use of 

analog multiplexing and microwave reflectometry enables reduction of the camera response time by a 

factor of 32 which is beneficial for implementation of a real-time imaging system. 

2. Experimental setup and results 

Referring to Figure 1, a microwave reflectometer is employed to readout response of a terahertz planar 

Schottky diode to incident AM radiation produced by a 150 GHz CW source. The source modulation 
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frequency is equal to 4 MHz. A weak probing signal is injected into the diode through a directional 

coupler at 4 GHz, and the probing signal power is chosen to cause an increase of the diode bias current 

of 5 %. For the experiments, we used off-the-shelf diodes produced within a fabrication route similar 

to that previously employed by us in [4]. The diodes possessed ideality factor of 1.4, series resistance 

of 20 Ohm, and total parasitic capacitance of ~4 fF. The diodes were operated at bias voltage of 

~0.6 V corresponding to bias current of 210 µA. We measured an optical noise equivalent power of 

320 and 160 pW/Hz0.5 at 150 GHz with the aid of a microwave reflectometer and within a 

conventional readout scheme, respectively. During the measurements, the 150 GHz CW source power 

was set to ~1 µW to insure linear response of the diodes within both readout schemes. Given that the 

lately enhanced MSPU fabrication technology enables fabrication of the diodes with better crucial 

parameters and yield of ~97 %, our findings encourage further implementation of a terahertz Schottky 

diode camera comprising readout scheme making use of both the microwave reflectometry and CMOS 

analog multiplexing [5]. 

 

Figure 1. Experimental setup. 
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Abstract. Microelectromechanical systems (MEMS) switches have a wide range of possible 

applications due to their promising working characteristics, but commercial success of these 

devices is limited by low reliability. In contrast with macroscopic electromechanical relays, 

MEMS switches typically develop a small contact force, which results in unstable and high 

contact resistance. In this paper we propose the design that ensures several times higher contact 

force in comparison with previously used structures. Enhancement of the force is achieved 

without increasing the footprint and operating voltage of the switch. 

1. Introduction 

MEMS switches with resistive contact combine advantages of electromechanical and solid state 

relays. They provide superior radio frequency characteristics, small size, low power consumption and 

high integration capability [1]. An important parameter of the switch is the contact resistance that 

strongly depends on the contact force. In contrast with macroscopic counterparts, MEMS switches 

develop rather weak forces ~10 μN. This results in a high and unstable contact resistance due to a 

small contact spot and inability to break thin contamination films [2]. For reliable operation, the 

contact force has to be increased. Here we describe the optimized design, which provides several times 

higher force in comparison with previously demonstrated switch. The force is increased without 

enlargement the size and actuation voltage of the device. Analytical calculations and finite element 

simulation of the modified switch are performed. 

2. Design of the switch 

The basic seesaw-type switch is shown in Fig. 1a. The movable electrode is an aluminium beam 

attached to the anchors by torsion hinges. Platinum gate and drain electrodes are placed under the each 

arm of the beam. Platinum contact bumps are located on the bottom side of the beam. The switch 

demonstrates an average contact resistance Rc = 380 Ω with a scatter from 30 to 2000 Ω. Such a high 

and unstable value are due to low contact force Fc of about 10 μN at the driving voltage Vg = 30 V [2]. 

A straightforward way to increase Fc is to increase the electrostatic force between the beam and the 

driving electrode. It can be done by increasing the lateral size of the switch and the actuation voltage, 

or reducing the gap between the beam and the electrode. However, these approaches make a switch 

bulky and deteriorate its performance. Another way is to optimize the design in order to enlarge the 

overlap area of the beam and the driving electrodes without increasing an overall footprint of the 

switch. The optimized design is shown in Fig. 1b. Firstly, the area of the signal electrode is reduced in 

comparison with the basic design. It allows lengthening the driving electrode. Secondly, the width of 

the beam and the driving electrodes is increased. Thirdly, the part of the driving electrode located 

close to the hinges is removed since it negligibly contributes to the contact force. 
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Figure 1(a, b) A seesaw-type MEMS switch: (a) SEM image of the basic device; (b) A model of 

the modified switch. The insets schematically show configuration of driving and signal electrodes. 

3. Results and discussion 

The analytical calculation gives Fc = 13 μN at Vg = 60 V for the basic design. The modified switch 

develops Fc = 46 μN, which is 3.5 times higher than the force of the basic structure. Since the contact 

resistance is proportional to Fc
-0.5

, the increment in the force should reduce Rc by 1.5 times. The 

contact force is also simulated by the finite element method. The simulation provides higher Fc than 

the analytical approach. The difference is less than 5% for the actuation voltage below 60 V. However, 

it increases up to 30%, when Vg reaches 100 V. The reason of such a high difference is the bending of 

the beam towards the driving electrode, which is not taken into account in the analytical calculation. 

Nevertheless, the analytical approach is applicable below 60 V. It is worth noting that at Vg = 100 V 

the modified switch provides the contact force as high as 120 μN, which is an order of magnitude 

higher than the force developed by the basic device. It is expected that the optimized switch will have 

significantly lower and more stable contact resistance. 
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Abstract. Ag/Ge/Si stacks with threading dislocations in Ge layer demonstrating the I-V 

curves typical for the bipolar resistive switching are investigated. Cross-sectional transmission 

electron microscopy and electron beam induced current measurement results confirmed the 

resistive switching mechanism to be the formation of conductive filaments across the entire Ge 

layer via the electric-field driven transport of Ag
+
 ions along the threading dislocations.  

In recent years, the physical and chemical processes underlying the resistive switching effect 

(RS) in thin dielectric films have been studied intensively. The RS is a reversible change in the 

resistance of a thin dielectric layer enclosed between two conducting electrodes under the voltage 

applied to the electrodes. The electronic devices based on the RS effect are called memristors. The RS 

in such devices is realized via a filamentary mechanism [1]. In so-called conducting bridge (CB) 

memristors, the filaments consist of metal atoms injected into the dielectric layer from the electrodes. 

At present, main disadvantage of the memristiors is a large scatter of their parameters due to 

uncontrolled filament dynamics [3]. Recently, a new type of CB memristor based on a relaxed 

Si0.9Ge0.1/Si(001) epitaxial layer was proposed [4]. The authors intended to limit the lateral spreading 

of the Ag filament by its spatial confinement in the threading dislocations in the SiGe layer. As a 

result, a high stability of the RS parameters, a small variation of memristor parameters from device to 

device, and a sufficiently long information storing time were achieved. However, despite the 

promising preliminary results [4], the details of RS mechanisms in memristors based on dislocations in 

SiGe remain unexplored [5]. 

The present work was devoted to studying memristors based on Ge/Si(001) heterostructures 

grown by hotwire chemical vapor deposition (HW CVD) at low temperature (325 C). The HW CVD 

method admits controlling the threading dislocation density in the epitaxial structure by varying the 

growth conditions. The active single crystal Ge layers were ~190-nm-thick, the dislocation density 

was ~3·10
7
cm

-2
. Prior to magnetron deposition of the upper 40-nm thick Ag electrodes, the Ge layers 

were chemically etched to form the pits decorating the dislocations. These pits stimulated the 

electrodiffusion of Ag
+
 ions via dislocations into the Ge layer due to the concentration of electric field. 

The structure of the Ag/Ge/Si stacks was examined with Jeol JEM 2100/F transmission electron 

microscope (TEM) with energy-dispersion spectrometer (EDS). The electrical properties were 
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investigated by electron beam induced current (EBIC). The I–V curves were measured with Keithley 

2450 meter. 

 

 

Figure 1(a, b). Typical bipolar I–V curves (a) and EBIC image (accelerating voltage 18 kV) (b) of 

Ag/Ge/Si stack. 

The bipolar RS was observed in the range of voltage sweep from –2.5 to 2.5 V (Fig.1a). TEM and 

EDS data measured on studied stacks after several cyclic RS shows the presence of Ag with 

concentration ~3 % at. in the threading dislocations (Fig.2). In contrast, no Ag was observed in the Ge 

layer prior to forming. The white spots observed in the EBIC image (Fig.1b) can be attributed to 

individual dislocations in the Ge layer filled with Ag.  

  

Figure 2(a, b). TEM image (a) and EDS profiles (b) of Ag/Ge/Si stack after several RS cycles. 

White bar in Ge layer show the places of EDS profiling. Accuracy of EDS profiling ~1% at. 

Thus, the obtained results confirm the mechanism of bipolar RS in the studied stacks to be the 

electrophoretical metallization of Ge along dislocations. 
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Abstract: The article describes the operation of the X-band radar under the influence of active 

and passive interference. The rationale for using the interference compensation module in a radar 

station with a small-sized active phased array antenna is presented. A fiber-optic system has been 

developed for transmitting a signal from a compensation module. The results of experimental 

studies of the transmission system are presented. The advantages of using a fiber-optic system 

in a radar station in comparison with a coaxial cable are shown. 

1. Introduction 

Currently, there is a constant increase in the number of different stations and active objects, as a result 

of which the number of emitted and reflected signals increases. This leads to an increase in the 

congestion of the frequency ranges in which radar stations operate, and various kinds of interference are 

also created. The greatest influence is exerted by the active interference transmitted at the radar operating 

frequency. Such interference creates a noise background in which it is impossible to track the useful 

signal [1, 2]. Therefore, the challenge of combating such interference is paramount. 

To eliminate the influence of active interference on the operation of a radar with an active phased 

antenna array (APAA) operating in the X band (8-12 GHz), we developed a jamming compensation 

module. But the operation of the module is interfered with interference to which the connecting elements 

of coaxial cables and other parts of transmission systems are exposed. A malfunction in the operation 

of the interference compensator is caused by the transmission of the information signal from the 

antennas through areas with increased electromagnetic load. In our work, one of the solutions to this 

problem is presented – the use of a fiber-optic transmission system (FOTS) [2, 3]. 

 

2. Features of the transmission of microwave signals and a laboratory model of a fiber-optic 

transmission system 

The most difficult task is the thermal stabilization of the laser transmitting module under various difficult 

conditions. The use of feedback loops for this has been experimentally proven. Also, when using four 

horn antennas in the compensation module, it is rational to use one laser source and an optical divider. 

Given these features, we have developed new designs of transmitting and receiving modules for FOTS 

(figure 1). 
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Figure 1. Block diagram of (a) - transmitting module, where 1 is a laser; 2 - optical divider; 3 - 

electro-optical Mach-Zehnder modulator; 4 - photodiode providing feedback; 5 is a power supply 

voltage control circuit; 6 - multifunctional power supply; 7 - optical connector; 8 - microwave 

connector; 9 - shielded case; (b) a receiving module, where 1 is a p-i-n diode based on InGaAs / InP; 2 

- power amplifiers and bandpass filters; 3 - input optical connector; 4 - power connector; 5 - output 

microwave connector; 6 - bias voltage stabilization board. 

 

The results showed that the frequency response unevenness (4-5 dBm) and tangential sensitivity (78 

dBm) when using FOTS allow transmitting the microwave signal from the horn antenna to processing 

devices located in a shielded case with protection systems. And the dynamic range of stable operation 

(112 dBm) was no worse than that of a coaxial cable. The advantages of fiber in flexibility and 

compactness are obvious. 

 

3. Conclusion 

The experimental data indicate that the use of the FOTS developed by us as part of the interference 

compensation module allows increasing the radar protection efficiency. The main restriction on the use 

of the types of compensation antennas that we developed in the airborne APAA with FOTS is the 

availability of the necessary installation space. 
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Abstract. The dV/dt values for 4H-SiC Schottky type diodes with different type packages have 
been determined experimentally. It is determined that obtained dV/dt values for 4H-SiC 
Schottky type diodes in small-sized metal-polymeric packages (SOT, QFN) are varying in 
interval of 670÷990 V/ns. 

Introduction  
At present the SiC-based high-voltage Schottky type diodes are based on absolutely new generation of 
power semiconductors, posses the maximal values of breakdown voltage and minimal leakage currents 
[1]. Earlier, in our previous studies were investigated 4H-SiC Schottky type diodes in respect of their 
stability to rate of reverse voltage rise dV/dt [2]. In particular, it was established that in 4H-SiC 
Schottky diodes packaged in standard large-sized package of TO (Transistor Outline) type 
demonstrate the value of dV/dt ≈ 150÷200 V/ns [2]. It is known that the diode package is one of the 
main elements that determines the characteristics of the diode [3]. Moreover, at present power 
electronic industry comes down to use of small-sized type of metal-polymeric package such as SOT 
(Small Outline Transistor), QFN (Quad Flat No-leads) and others [1,3]. However, effect of packaging 
type on dV/dt characteristics of 4H-SiC Schottky diodes to present are almost not studied, therefore the 
goal of this work is to study dV/dt characteristics for Schottky diodes in different types of packages. 
 
2. Materials and methods 
 
The used experimental measuring test makes it possible to test on dV/dt characteristics of a SiC 
Schottky type diodes which was described in detail earlier [2]. The main parameters of tester of dV/dt 
value in interval from 100 V/ns up to 1000 V/ns at amplitude of pulse of reverse voltage applied 
through a testing diode VA= 0.05÷0.9 kV. Analyses of oscillograms has been carried out with used 
Tektronix MDO3102 oscillograph (bandwidth 1 GHz, refresh rate 5×109 s-1). 
 
3. Results and discussion 
 
To prevent experimental errors, the equipment was initially calibrated with a control signal from the 
equipment by applied amplitude of pulse of reverse voltage (maximal amplitude of 0.7 kV) without 
diode which is shown in Fig. 1 (curve 1). Then, were tested the following 4H-SiC type Schottky 
diodes: diode C3D06060F (CREE/Wolfspeed, US) in large-sized TO package type (TO-220-F2); 
diode 5DS402A (AO «GRUPPA KREMNY EL», Bryansk, Russia) in small-sized SOT package type 
(SOT-89); diode C3D1P7060Q (CREE/Wolfspeed, US) in small-sized QFN package type 
(PowerQFN). All obtained dV/dt test results for diodes are shown in Table 1. 
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Figure 1. The reverse voltage waveform for diodes (pulse amplitude of 0.7 kV): 1 − without diode, 2 –
 C3D06060F (Cree), 3 – 5DS402A9 («GRUPPA KREMNY EL»),  4 – C3D1P7060Q (Cree). 

 
The obtained dV/dt value for diode C3D06060F (curve 2 in Fig. 1) in large-sized TO package is equal 
of 880 V/ns. The testing results for diode 5DS402A (curve 3 in Fig. 1) in small-sized SOT package 
type is equal of 670 V/ns and for C3D1P7060Q (curve 4) in small-sized QFN package is 990 V/ns.  
 

Table 1. dV/dt results for testing of 4H-SiC Schottky diodes with different packages type. 
No. Package type Diode's type Package dimensions (mm) dV/dt (V/ns) 

1 TO-220-F2 C3D06060F 10.3×16.07 880 
2 SOT-89 5DS402A 4.6×2.6 670 
3 QFN 3.3 C3D1P7060Q 3.3×3.3 990 

 
4. Conclusions. 
 
The obtained results indicated that the package's size miniaturization not lead to dV/dt characteristics 
degradation and dV/dt values for small-sized metal-polymeric packages type (SOT, QFN) not only are 
comparable with large-sized TO package type, but in case of QFN package type the dV/dt results are 
greater than in case of the large-sized TO package.  
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Abstract. The analysis of the developed crystals of MIC LNA of Russian production is carried 

out. The possibility of their application as an active element base in the development of 

microwave radiometry equipment was confirmed. 

1. Introduction 

The method of microwave radiothermometry (RTM-method) allows you to obtain information about 

the internal temperature of the patient's tissues based on measuring the intensity of the physical body's 

own electromagnetic radiation in the microwave range (the power of the noise signal at the antenna 

output). This method can be used for early diagnosis of cancer in various fields of medicine 

(mammology, urology, gynecology, neuropathology, etc.) [1-3]. 

Microwave radiometers can be based on different principles of structural schemes. Most of the 

radiometers is based on the scheme presented on Fig. 1, or its modifications. The noise signal power is 

measured in microwave receivers-radio thermometers, which must have a high sensitivity necessary for 

receiving and processing extremely weak noise signals and high accuracy of measuring the object's 

temperature. At the same time, the design of the radiothermometer must be miniature and allow several 

temperature measurements to be performed simultaneously. To date, medical radiometers operate in the 

frequency range of 1-3 GHz with a depth of penetration into soft tissues of 16-30 mm. One of the 

possible ways to ensure compliance with these requirements is the use of a modern semiconductor 

microwave component base for various purposes in a monolithic integrated design [1, 3-5]. 

 

 

 

Figure 1. Circuit design of a medical radiothermometer. [5] 
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The key element of the medical radiothermometer design that provides high-quality reception of the 

microwave signal is a low-noise amplifier (LNA). The main criterion for selecting the MIC LNA from 

a sufficiently large product range is to coordinate with the MIC switch and ensure high gain and low 

noise levels [1]. 

 

2. Main part 

 In the manufacture of monolithic LNA, it is advisable to use transistor heterostructures based on GaAs, 

which have the lowest noise coefficient. Today among Russian enterprises, JSC "Svetlana-

electronpribor" has experience in developing and manufacturing MIC LNA in the frequency range of 1-

3 GHz based on GaAs. LNA crystals were manufactured using two types of transistor heterostructures-

MESFET and pHEMT based on GaAs by  the "explosive" lithography technology. To ensure optimal 

performance in the frequency range of 1-3 GHz, transistors in LNA crystals were manufactured using a 

technology with a design norm for the gate length of 0.5 microns. Such topological dimensions were 

provided by the use of electronic lithography in the manufacturing process of the installation. Ohmic 

contacts were formed using AuGe-Ni-Au metallization, and inter-element isolation was performed by 

ion implantation. Ti/Au metallization was used as the Schottky barrier. The protection of active 

(transistors) and passive (capacitance, resistance, inductance) elements of the LNA crystal topology was 

carried out using plasma-chemical deposition of dielectric films based on silicon nitride. From the point 

of view of signal amplification, it is more preferable to use pHEMT heterostructures for creating LNA 

– high values of the concentration of the main charge carriers in the channel and mobility allow to 

significantly increase the gain, which is an important condition for receiving weak signals. However, 

with common approaches to manufacturing transistors in LNA  (MESFET and pHEMT 

heterostructures), a critical operation for transistors based on pHEMT heterostructures is liquid selective 

etching. JSC "Svetlana-electronpribor" has carried out a number of works, the result of which is the 

developed technology of liquid etching of epitaxial heterostructures using various selective etchants 

based on hydrogen peroxide, an aqueous solution of ammonia, sulfuric acid and various citrate 

compounds. The developed technology allows to provide a high percentage of the output of suitable 

saturation currents. Experimental samples of MIC LNA crystals had gain values in the range of 18-20 

dB, which is a fairly good result in terms of amplifying weak signals. In Fig.2 a fragment of a MIC LNA 

crystal made on GaAs pHEMT is presented. The developed MIC LNA crystals are planned to be used 

in the future as an active element base in the development of the multi-channel radiometer. 

 

 
 

Figure 2. A fragment of the topology of a MIC LNA crystal developed on the basis of pHEMT GaAs 

heterostructures for operation in the frequency range of 1-3 GHz. 

 

3. Conclusion 

 

The analysis of the developed MIC LNA crystals of Russian production showed the possibility of their 

application as an active element base in the development of a multi-channel medical radiothermometer. 
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The use of MIC LNA based on semiconductor heterostructures of A3B5 group materials allows to 

provide the required performance characteristics of the radiometer in terms of receiving, amplifying and 

processing the microwave signal, significantly increase the functionality and implement a design with a 

significant reduction in the mass and size characteristics of the developed medical device. 

The research is carried out to the research project No. 19-19-00349 on the theme: “A method and a 

multichannel multifrequency microwave radiothermography on the basis of monolithic integrated 

circuits for finding the 3D distribution and dynamics of brightness temperature in the depths of the 

human body” (Russian Science fondation). 
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Abstract. This article is devoted to optimization and calculation of the main electromagnetic 

parameters of the developed design of an integrated radio-frequency microelectromechanical 

switch with a capacitive switching principle in a configuration with a coplanar waveguide using 

numerical modeling methods in the ANSYS software package, as well as developed 

parametrizable geometric and finite element models. The proposed radio-frequency 

microelectromechanical switch is capable of operating in the frequency range from 18 to 26 

GHz, usually called the K-band, which is used mainly for radar, as well as for satellite radio 

communications. 

1. Introduction 

Radio-frequency (RF) microelectromechanical systems (MEMS) are a rapidly developing and growing 

segment of modern communication technologies, both ground – based and space-based. RF MEMS 

segment was formed from the huge MEMS market today, which includes such miniaturized devices and 

devices as accelerometers, gyroscopes, microphones, mobile micromirrors, microfluidic devices, 

temperature and pressure sensors, etc., which are used, for example, in cars (for opening airbags) or in 

mobile communication devices (gyroscopes for rotating the display). This class of switches represents 

the potential for designing low-power, high-performance microwave circuits with high linearity, 

operating at frequencies up to 100 GHz with a reflection loss in the on-state of about -0.5 dB and 

isolation in the on-state of more than -20 dB, for example, for phase rotators of phased array antennas 

[1] or reconfigurable resistance control circuits [2].  

RF MEMS switches can be classified as resistive and capacitive. Resistive switches are preferred for 

low-frequency applications, while capacitive switches are preferred for high-frequency applications. In 

capacitive switches, the insulation loss mainly depends on the dielectric material used between the 

electrodes, usually using silicon nitride, silicon dioxide and aluminum nitride. The structure of the RF 

MEMS switch can have a suspension type in the form of a membrane or cantilever. The use of a 

membrane structure with elastic suspension elements made in the form of a meander is a compromise 

solution that allows you to get a low actuation voltage and high switching speed.  

This article presents the design of a capacitive RF MEMS switch characterized by a small value of the 

actuation voltage and high switching speed, as well as low reflection losses and high isolation in the K 

frequency range. In addition, this RF MEMS switch design allows to switch high-power RF signals, 

which is important for a number of different applications, such as transmitters in terrestrial or satellite 

radio stations. 

2. Design and simulation 

In this work the researched design of the capacitive RF MEMS switch is shown in Figure 1. The 

developed capacitive RF MEMS switch contains a gallium arsenide substrate, the coplanar waveguide, 
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the membrane suspended from the anchor areas using elastic suspension elements, the pull-down 

electrode and dielectric layers. Dielectric layers 1 are designed for electrical isolation of the constant 

actuation voltage offset from the RF signal on the CPW transmission line.

 

 
Figure 1. (a) 3D model of a capacitive RF MEMS switch; (b) Design topology of a capacitive RF 

MEMS switch; (c) Cross section of the design of the capacitive RF MEMS switch. 

 

The results of modeling electromagnetic parameters are shown in Figure 2 and Figure 3. From the data 

provided, it follows that the value of reflection losses in the initial position of the suspended membrane 

is -8 dB at a frequency of 18 GHz and -7.18 dB at a frequency of 26 GHz, which indicates a good 

agreement of the RF transmission line on the input and output. In this case, the value of the reflection 

loss in the down position is within -0.2 dB for this frequency range. The level of insertion loss in the 

initial position of the suspended membrane is -0.9 dB this frequency range, and the value of isolation in 

this frequency range is in the range from -36 dB to -48 dB. 
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Figure 2. Modeling of electromagnetic (S) parameters of RF MEMS switch. 

 
Figure 3. Modeling of electromagnetic (S) parameters of RF MEMS switch. 

3. Conclusion 

As a result of modeling and optimization of electromagnetic parameters using numerical methods, a 

design of a capacitive RF MEMS switch was obtained that is suitable for use in the K-band of 

frequencies with a small value of the actuation voltage, high switching speed, and provides a high power 

of the switched RF signal. For this frequency range, the isolation value in the closed switch position is 

in the range from -36 dB to -48 dB; the reflection loss is in the range of -0.2 dB. This approach in the 

design of RF MEMS switches allows to improve the integration of these types of switches in RF devices. 
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Abstract. With the help of conformal mapping it is proposed a device, which brings illusion 

effect. Emission from current sheet source placed centered on X-axis would be almost fully 

rotated at an angle of 90 degrees. As a result, observer would detect that current sheet source is 

placed on Y-axis. 

For centuries materials have led the progress of humanity: from stone to copper and glass. In the 21st 

century, it can be created materials with artificial predefined properties. With the help of these materials 

can be achieved “magical” effects. For instance, different kinds of illusions including invisibility.  

One convenient mathematical tool to calculate the refractive index of material with interesting properties 

is transformation optics and conformal mapping. For example, in paper [1] was proposed a simple 

method of illusion optics based on conformal mappings. Authors made an object look like another with 

a significantly different shape. Another illusion was achieved in the article [2]. The resulting emission 

of two point sources placed symmetry to the center of the axis will be the same as from a single point 

source placed in the center. Another kind of illusion was achieved in paper [3]. By our colleagues using 

the cylindrical polar angle-dependent coordinate transformation was achieved a creation the mirage of 

a point source radiation at any predetermined angular direction. In the paper [4] authors also shown an 

illusion with sources: proposed lenses can make one active source appear omnidirectionally as two in-

phase sources. In this paper, we have shown an illusion of a rotated source using similar conformal 

mapping as in [4] but with a more feasible range of the refractive index. 

 

In the theory of conformal mappings, there are two complex planes (or spaces): physical z = x + iy (P1) 

and virtual w = u + iv (P2). To calculate a profile corresponding to any conformal mapping w(z), it 

should be taken a derivative [5] 

     𝑛 = |
ⅆ𝑤

ⅆ𝑧
| 𝑛′          (1) 

where n' is the refractive index in virtual space which is taken as 1 if the virtual space is empty. 

In this paper we use a conformal mapping  

    𝑤(𝑧) = 𝑘((𝑧2 − 1)1∕2 + 𝐴𝑟𝑐ℎ 𝑧)          (2) 

where k = h/π – is arbitrary constant. Hence a refractive index profile is taken as: 

𝑛 = |
𝑧

(𝑧2−1)1/2
+

1

(𝑧2−1)1/2
|     (3) 

where we used k =1 and 𝑛′= 1. 

As it can be seen in fig. 1(a) refractive index profile is equal to 1 in the origin. Material with such 

refractive index is easier to fabricate than the one in [4].  
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To simulate a proposed effect current sheet source (from z = - 1 to 1) was placed in the medium with 

the calculated refractive index. It can be noticed that the emission from the source is rotated and 

propagate at an angle of 90 degrees. Thus, the observer would see a rotated at this angle source. It should 

be also noticed from the radiation pattern diagram that the beam is more collimated than from the same 

source placed in the air. 

 

 

Figure 1(a,b,c). (a) Refractive index profile; (b) Full wave simulation; (c) Radiation pattern diagram 

In conclusion, we have proposed a device to rotate emission from the specifically placed source. The 

refractive index of this device is calculated according to (3). As a result, the source would be perceived 

as rotated one by a detector or the observer. This effect was described previously [4] but with another 

conformal mapping. The advantage of our device is in the refractive index profile which does not 

become less than 1. This feature makes our device more feasible. Also, it should be noted that this effect 

can be realized not only for electromagnetic emission but also for any kind of waves (sound, plasmons) 

[6].  
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Abstract. Micromechanical linear acceleration sensors are widely used in modern inertial 

orientation and navigation systems of technical equipment used in industry. The paper presents 

the developed design of a MEMS linear acceleration sensor with three sensitivity axes, modal 

and static analysis is performed, design parameters are found that ensure equality of natural 

frequencies along the sensitivity axes, and experimental samples are created and studied. 

1. Introduction 
The development of modern electronics is associated with the development of devices with low 

weight, dimensions, low cost, energy consumption and high enough reliability. Micromechanical 

accelerometers are widely used in modern technical means for various purposes: from specialized 
products of aerospace technology to household appliances, such as cell phones and gaming platforms 

of a new generation.Therefore, an urgent task today is to improve the mass and size characteristics of 

Microsystems, providing the possibility of registering linear acceleration of a mobile object along 
three axes of sensitivity [1-2]. 

2. Design and simulation 

The developed design of a linear acceleration sensor with three sensitivity axes is shown in figure 1. 
This linear acceleration sensor is able to register acceleration along three axes of sensitivity using a 

single sensor element (CHE). 

 

 
Figure 1. Design of the developed linear acceleration sensor 

 

The principle of operation of the device is based on measuring the displacement of the inertial mass 
relative to the position at rest and converting this data into an electrical signal. 
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For behavioral research of dynamic characteristics based on the presented mathematical model (1), a 

VHDL-AMS description of the developed sensor was developed. 

3. Experimental samples 

Based on the studies of the developed single-mass design, projects of linear acceleration sensors were 

created, which are a developed design with different parameters of elements. When creating projects, 
the same natural frequencies were obtained for the three axes of sensitivity of the linear acceleration 

sensor, which ensures the same response of the sensor to external influences on the sensitivity axes 

and the same limit conditions for each axis, under which the sensor operation mode is violated.  
During the research, static and modal analysis of the developed projects was carried out. 

As part of this work, an experimental sample of a micromechanical sensor was created. As a result of 

calculating the design of an experimental sample of a micromechanical sensor, the values of the 
thickness of the structural layer, the parameters of the structural elements, and the capacitive 

displacement transducers were determined. Figure 2 shows a SEM image of the topology of an 

experimental sample of a multi-axis micromechanical accelerometer. 
 

 
 

Figure 2. SEM image of the topology of an experimental sample of a micromechanical accelerometer 

 

4. Conclusion 

As a result the parameters of the micromechanical accelerometer are confirmed. The parametres were 

planed at the design stage: quantity of axes of sensitivity – 3; the range of the measured accelerations – 
±10 g; level of suppression of cross interference – at least 50 dB; sensitivity of the capacity 

micromechanical transformer – at least 0,5 fF/g, sensitivity of the signal processing devices over 

800 kHz/fF. Novelty of the received results consists in a solution of the problem of increase of the 
functional capabilities of micromechanical accelerometers by using of the principle of the functional 

integration. This approach provides increase of the functional capabilities of sensors and allows to 

register the linear accelerations on three axis of sensitivity.  
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Abstract. The report investigates the action of a spiral phase plate in the near-field diffraction 

zone, taking into account the three-dimensional structure of the optical element. Simulation of 

the diffraction of a Gaussian beam with linear polarization is performed on the basis of the 

finite difference in the time domain method. Numerical comparison of the action of linear and 

nonlinear phase plates showed a difference in their action at distancing from the optical 

element. 

1. Introduction 

A spiral phase plate [1] is an optical element with a complex transmission function exp( )im , where 

  is the polar angle, and m is the topological charge of the formed vortex beam. There are two main 

options for implementing traditional SPP: 1) a "refractive" plate with a monotonous increase in phase 

from 0 to 2m, 2) a "diffractive" or sector plate divided into m sectors with a change in phase from 0 

to 2 in each of the sectors. The first variant is called "refractive", since the height of the optical 

element increases with the growth of the topological charge m. 

The use of "diffractive" sector SPP does not require the formation of a high relief, but their production 

requires a greater transverse resolution [2]. It is known that the beams formed by diffractive SPP 

strongly transform when the wavelength of the illuminating radiation changes, "falling apart" into m 

beams with a single topological charge [3, 4]. Previously, an unconventional SPP with a phase 

distribution with a nonlinear dependence, described as exp( )nim , was presented . The vortex beams 

formed in this case have a spiral shape with an intensity and phase gradient. The unique structure of 

such vortex beams causes the energy flow directed in spirals, which can be used in the field of laser 

surface structuring [5]. In this case, it is important to know the distribution of the field that is formed 

in the near diffraction zone. 

The report investigates the effect of a "refractive" spiral phase plate in the near diffraction zone, taking 

into account the three-dimensional structure of the optical element. Simulation of the diffraction of a 

Gaussian beam with linear polarization is performed on the basis of the finite difference in the time 

domain method. 

2. Results and discussion 

The finite difference in the time domain (FDTD) method was used to model the action of an optical 

element taking into account the three-dimensional structure. 

451



Consider a nonlinear SPP of the following type: ( , ) exp[ ( , )]  x y i x y , 1( , ) (tan ( / ))qx y y x  , 

where  is a real number, and q is a positive integer. 

We calculate the action of a three-dimensional optical element (Fig.1) with a phase defined by the 

function ( , )x y . 

(a) (b) (c) 

Figure 1. Model of SPP with parameters: =1, n=1.5, h=3 μm, R= μm, q=1 (a) q=2 (b) q=3 (c) 

To simulate the action of a spiral phase plate, it is necessary to direct a light beam at the optical 

element and calculate the intensity distribution formed in a certain area (Table 1). 

Table 1. Modeling of SPP action. Parameters of Gaussian beam: λ=1.5 μm, σ=3 μm. Parameters of 

SPP: =1, n=1.5, h=3 μm, R = 5 μm. Parameters of environment: x,y [-5, 5] μm, z [0,20] μm, nc=1 
q 1 2 3 

z 
Longitudinal 

section YZ 

Transverse 

section XY 

Longitudinal 

section YZ 

Transverse 

section XY 

Longitudinal 

section YZ 

Transverse 

section XY 

20 

 

 

 

 

 

 

10 

   

3 

   

It can be seen that at a very small distance, the intensity distribution is similar to a ring with a gap. 

When moving away from the element, a qualitative difference appears: with a linear plate, the cross-

section shape approaches the ring, and with a non-linear one, it remains an arc. 

Conclusion 

This report shows the action of a spiral phase plate in the near-field diffraction zone, taking into 

account the three-dimensional structure of the optical element. Based on the results obtained, the 

action of linear and nonlinear phase plates is compared. 
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carbon nanotube under the strain gradient
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Abstract. The results of theoretical and experimental studies of the current generation process
in  an  aligned  carbon  nanotube  during  its  deformation  are  presented.  It  is  theoretically
established that there is a strain gradient equal to 8 in the vertically aligned nanotube under the
influence of the external  field strength of 109 V/m. The  strain  gradient results in a current
generation of up to 12 nA. It is shown that the simulation results correlate with experimental
data.  The  obtained  results  can  be  used  to  develop  the  nanopiezotronics  devices based  on
vertically aligned carbon nanotubes.

1. Introduction
The new physical effects are observed in the materials on going from bulk  to nanoscale. So, in the
carbon nanostructures a polarization occurs in the action of the deforming strain [1].  As results a
electric current generates due to the  manifestation  of the piezo - and flexoelectric properties [1, 2].
This fact can be used for the creation the fundamentally new devices of nanopiezotronics [3, 4]. This
research direction is just beginning to actively develop and needs research on physical effects that can
be the basis for creating the new devices.

The aim is theoretical  and experimental  studies of the current generation process due to strain
gradient in a vertically aligned carbon nanotube (VA CNT).

2. Theoretical studies
The theoretical calculation of the current generated under the action of the VA CNT strain gradient

was based on the process  of  polarization of  materials  under  the  action of  piezo-and flexoelectric
effects:

j=
ε ∥
ε∥−1 (b

∂ ∆L (L ,t )

∂ t
1
L
+b f l

∂2∆L ( x ,t )

∂ x∂ t
1
L )

(1)
when  j  – generates  current,  ε ∥ –   longitudinal  dielectric  constant  of  VA CNT,  b –  piezoelectric
coefficient of VA CNT, b f l – flexoelectric coefficient of VA CNT, L – length of VA CNT.

Simulation of the VA CNT deformation process under the action of an external electric field was
carried out taking into account the previously obtained results [5]. The strain gradient of VA CNT (a
diameter of 90 nm, a length of 2 µm and a Young’s modulus of 1 TPa) arising from the application of
a voltage pulse from 0 to 10 V and a tunnel gap of 1 nm is shown in Figure 1(a). The solution of the
equation (1) is shown in Figure 1(b) for the strain gradient at ε|| = 8, b = 0.107C·m-1,bfl = 10-10 C·m-2.
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Figure 1 (a, b). (a)  Theoretical time dependence of the VA CNT strain gradient on the external
electric field. The insert presents the applied voltage pulse; (b) Theoretical time dependence of the
current on the VA CNT strain gradient.

Thus, it is theoretically established that the current exponentially increases from 0 to 12 nA with an
increase in the deformation gradient of the carbon nanotube from 0 to 8.

3. Experimental studies
Experimental studies of current generation in the VA CNT with a diameter of 92 nm, a length of

2.2 µm and a Young’s modulus of 1.4 TPa were carried out by atomic force microscopy (AFM) on the
basis of the previously developed technique [2]. It was found that the current flows in the system
"lower electrode/VA CNT/ AFM probe" up to 20 nA when a force is applied to the AFM probe up to
415 nN. The obtained values correlated well with the theoretical studies.

4. Conclusion
Thus, the current generation in a vertically aligned carbon nanotube during its deformation was

studied. It is theoretically established that a current arises up to 12 nA at the VA CNT stain equal to 8.
The  results  are  confirmed by  experimental  studies,  which  confirm the  adequacy of  the  proposed
model. The obtained results can be used to develop the nanopiezotronics devices based on vertically
aligned  carbon  nanotubes.  The  results  were  obtained  using  the  equipment  of  the  Research  and
Education Center and Center of Common Using “Nanotechnologies” of Southern Federal University.
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nanopipette and the free surface of the electrolyte using SPM 

M V Zhukov, S Yu Lukashenko, I D Sapozhnikov, A O Golubok
 

Laboratory of scanning probe microscopy and spectroscopy, Institute for Analytical 
Instrumentation RAS, St. Petersburg 198095, Russia 
 
E-mail: cloudjyk@yandex.ru 

Abstract. The ion conductivity of liquid meniscus-like nanocontact between electrolyte inside   

glass nanopipette and free electrolyte surface has been studied. For stabilization of the liquid 

meniscus arising in the gap between the nanopipette and the free electrolyte surface the 
feedback loop of scanning probe microscope has been used. Current to voltage characteristics 

of local contacts in dependence of the concentration of ions in electrolyte and the immersion 

depth of the pipette into the liquid surface have been measured. Both linear and nonlinear I(V) 

dependencies of liquid nanocontacts were observed. In addition, periodic current oscillations 

were observed, depending on the parameters of the feedback loop. 

 

1.  Introduction 

     Much attention is currently being paid to research of the fluid dynamics in nanocapillaries and the 
ionic conductivity of nanochannels. Thus, in [1], a direct and inverse effect of the diode characteristic 
of the ion current was shown depending on the charge of the walls of a solid-state nanocapillary. The 
idea of a nanoscale liquid diode was proposed by Daiguji and his colleagues as accumulation of 
charges in a narrow channel [2]. In [3] describes the fabrication of an artificial solid-state asymmetric 

pore ~40 nm in the form of an hourglass, which allows describing behavior in many asymmetric 
biological ion channels. However, for a more detailed study of ion transport in nanochannels, it is 
necessary to control the geometric parameters and interaction properties of capillaries and meniscus 
over time. 

Thus, the purpose of this study is to create an adaptive nanochannel in the form of a liquid 
nanobridge between macro reservoirs with liquid electrolyte, using a scanning probe microscope with 
a probe in the form of a pointed borsilicate glass capillary. 

2.  Experimental setup 

To achieve a stable fine adjustable liquid contact between an electrolyte (NaCl solution) flooded in 
pointed capillary nanopipette (NP) and the free surface of an electrolyte the scanning probe 
microscope (SPM) has been used. Borosilicate glass capillary was used for NP fabrication on a PMP-
107 puller (MDI, USA) by thermal melting and bursting. A nanopipette filled with electrolyte with 

Ag/Cl electrode acted as an SPM tip and an electrolyte in Petry dish with Ag/Cl electrode acted as a 
sample. To achieve a meniscus-like stable liquid contact between a nanopipette filled with an 
electrolyte and free liquid surface of an electrolyte in Petry dish a common SPM algorithm of 
approaching tip to the sample was used. 

In figure 1 Petri dish (1) filled with a NaCl solution and an Ag/Cl electrode (2) placed on a 
piezoscanner (3) with Z displacement about ~ 20 microns. The bias voltage Ub is applied to the Ag/Cl 
electrode (6). The stepper motor (4) provides coarse movement along the Z coordinate of the holder 
with NP filled with a NaCl solution (5) with an Ag/Cl electrode (6). Active anti vibration table was 

used to reduce mechanical oscillation (7). The ion current on the AgCl electrodes (2, 6) is converted to 
an electrical current. The feedback loop keeps the constant value of the ion current moving the Petri 
dish (1) filled with a NaCl solution with an Ag/Cl electrode along Z direction, stabilizing the liquid 
nanobridge between the two liquid reservoirs.   
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Figure 1. Scheme of the experimental setup (a): 1 – Petri dish with NaCl electrolyte, 2 – Ag/Cl 
electrode in the NP, 3 –piezoscanner, 4 – stepper motor, 5 - pointed capillary NP, 6 - Ag/Cl electrode, 
7 – active vibration protection system, Ub – bios voltage applied to the nanocontact , U0 – set point 
voltage signal. The diode current-voltage characteristic (CVC) (b) at first contact between the NP and 
the liquid, where 1 - the reverse (locking) diode line, 2 - the straight diode line. On the insert is the 

SEM image of the NP. 

3.  Results and Discussions 

We studied the features of the diode characteristics of nanopipettes at different interaction parameters 
and buffer concentration (0,1%, 0,9%, 10% of NaCl) at the first moment of meniscus formation (fine 
contact - FC). The Debye radius, the buffer drying time, the effective length of the NP, the period of 

meniscus constriction and the diode rectification coefficient at different values of buffer 
concentrations were evaluated. Inverse CVC and current oscillations at FC mode were detected. 

In the FC mode the tracking system captures some average current, while there are oscillations in 
the current. It is assumed that the current oscillations characterize mechanical vibrations of the thin 
meniscus, which can be described by the Rayleigh-Plateau instability. When changing the FB gain, a 
shift in oscillation frequency was detected. This can be associated with intermittent contact of the 
meniscus with the NP or fluctuations of the meniscus in FC mode. Reducing the current (meniscus 
stretching) led to a decrease in the oscillation frequency, whereas an increase of voltage led to an 

increase of the amplitude of oscillations. 
In addition, the influence of surfactants at diode characteristics of NP was studied. Thus, anionic 

surfactant retains the diode characteristic at FC mode, while the sugar nonionic surfactant and glycerol 
in concentrations up to 50% of the buffer volume gives a linear CVC characteristic. The rectification 
coefficient of the diode CVC increases when the concentration of anionic surfactant increases. 

Work carried out with the support of the state assignment №075-00780-19-02 (theme № 0074-
2019-0007) of the Ministry of education and science of the Russian Federation. 
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Abstract. In the paper the new processing algorithm for low mass-dimensional microwave 

frequency standards is developed. The newly constructed design for the driver system is presented. 

The comparisons of experimental Allan deviation data for the previously designed prototype are 

performed 

1. Introduction 
The frequency standards are presently an integral element: for any high precision systems for object 
location determination, global time scales, signal transmission and processing, metrological systems [2]. 

These devices are widely applied for solving various tasks (for instance, ecological monitoring) on Earth 

and in outer space [4,5]. Frequency standard application in mobile flying vehicles faces a set of issues. 
They are mostly connected with mass-dimensional restrictions and power consumption for the device. 

Besides, frequency standards especially the ones for location determining on land or in the outer space, 

must possess high precision characteristics. [3]. The best solution for such cases is quantum frequency 
standards (QFS). These devices allow to generate or maintain a highly stable frequency. 

The modernization process of standards’ construction while lowering their mass-dimensional 

properties mostly leads to searching for new technical ideas leading to sufficient decreasing of mass and 

size for one of the main functional blocks as well as for developing new algorithms for automatic control 
and desired signal registration systems, signal that is used for determining the resonant frequency [1]. As 

it’s often occurring, there is not enough time and resources for holding a global fundemential research and 

developing brand new low mass-dimensional QFS models, that is why the majority of researches 
regarding QFS improvement are in fact a logical continuation of previously successfully implemented 

developments and methods in currently functioning devices.  

 

2. Developing a new algorithm 
In the current paper we present an algorithm for handling optical signal that is based on the handled 

research and calculations. The pattern for photon count and PEM (Photomultiplier tube) voltage output 

was taken into account while processing the received signal in microcontroller MCS-51. After final 
processing and calculations in the controller the operation signal is formed, the one used for driving 

power circuits which supply electrodes of the magnetic trap (core element in the device) through a coil 

system.    
The photon counter determines time interval τ that could be varied in a certain range depending on 

deployment conditions: from 1 to 10 seconds, the number of registered photons by PEM: from 104 to 

5·105. The driving system produces processing commands judging by the number of photons emitted with 

the help of the newly developed algorithm in order to drive the frequency of the main quartz generator 
and also the power circuits. Voltage output from these circuits passes transformer coils and corrects the 
magnetic field in the trap in order to ensure stable and precise maintenance of the device. 

The construction block scheme is presented on the fig. 1. 
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Figure 1. Block scheme of the developed control system 

The whole correction cycle is represented as a feedback loop where the magnetic trap provides the 

controller with information regarding its resonance shift. The programmable part consists of CPU, 

counter and quartz generator driver (QGD), quartz generator itself receives the error signal information 
and shifts the produced frequency to resonance. The whole work is performed inside the counter and 

CPU-related parts, thus taking the most crucial tasks, digital and analog circuitry are also separated 
making it easier for developers to maintain the device as well as further reducing its size. 

3. The results of the experimental research 

The held research has shown that spectrums of the driving voltages in the new magnetic trap construction 
have no sufficient perturbations which may affect the stability of operation. The experiments show the 

slight short-term stability improvement by Allan deviation. On the fig. 2 the measurement results are 

presented. 

 
Figure 1. Allan deviation compared to the prototype 
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The gained data has shown a stable work of the core physical block and low level of perturbations 

(negative 70 dB and less). 

 

4. Conclusion 

The experimental data provides the results that it was possible to ensure the magnetic trap stable 

maintenance while improving short term stability characteristics by 5% and long-term stability by 3% in 
comparison with previously designed Hg+ 199 prototype for navigational devices and communication 

systems in mobile flying vehicles. 
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Abstract. The need of using quantum frequency standard in satellite navigation systems is 

considered. The experimental results of improving the metrological characteristics of the 

standard using median filtering are presented. 

1. Introduction 

Requirements for navigational systems which are installed on non-stationary objects are increasing and 

related to the need to determine the coordinates of an object with an accuracy of less than 1.5 m for 

solving various problems [1-4]. The use of quantum frequency standards (QFS) as reference generators 

in these objects is the only possible solution that allows these requirements to be met, because they are 

sources of highly stable, high-precision, spectrally pure signals [1, 4]. 

The use of rubidium – 87 frequency standards is the most appropriate solution, because they have small 

dimensions in comparison with caesium – 133 QFSs, although they don’t have such high metrological 

characteristics as caesium QFSs do. An improvement in their accuracy characteristics is required to 

ensure the solution of these problems. Experience with these QFSs has shown that the most optimal 

solution is the modernization of devices in operation [3, 4].  

2. Principle of operation of the rubidium frequency standard 

The operation of the rubidium – 87 QFS is based on the principle of tuning the less stable frequency of 

the voltage-controlled crystal oscillator (VCXO) to the highly stable frequency of the quantum transition 

of rubidium – 87 atoms. A microwave excitation signal is generated in the frequency multiplier block. 

The interaction of the microwave field with rubidium – 87 atoms causes their transitions to the 

corresponding unpopulated level. It is possible to determine the frequency of the microwave field at 

which the transition probability is maximal by measuring the population of this level after interacting 

with the microwave field. The signal-to-noise ratio (S / N) of the recorded resonant signal from the 

emitted photons at the photodetector in this case will be maximum. The received signal is used to 

generate a highly stable frequency which equal to 6834.7 MHz [1 - 4]. 

This frequency is corrected for effects that lead to frequency shifts of the central resonance. The main 

contribution to the frequency shift of the central resonance is made by the parameters of the microwave 

excitation signal. Therefore, the process of generating a microwave signal, which is fed into the 

interaction zone of rubidium-87 atoms with the field along the waveguide path, needs to be given 

increased attention when upgrading the design of the QFS. 
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3. Experimental studies 

Studies have shown that the accuracy of tuning to the resonant frequency f0 in the QFS will depend on 

the step of the microwave excitation signal frequency tuning ΔfMW. With this in mind, we proposed a 

new method for generating frequency adjustment codes for a microwave excitation signal in a frequency 

converter, which can significantly reduce the ΔfMW value compared to previously used QFS designs. 

The principle of operation of the new technique is based on the use of median filtering of the QFS’s 

error signal (ES). Median filtering sorts and filters the digitized error signal values sent to the QFS 

control unit. After calculating the ES difference, the control unit generates codes for adjusting the 

frequency of the VCXO. This makes it possible to fine-tune the frequency of the microwave excitation 

signal to the central resonance frequency f0 (maximum S / N ratio in the photodetector). These changes 

are clearly visible on the phase noise spectral power density Sφ of the error signal shown in Fig. 1.  

 
Fig. 1(a,b). The phase noise spectral power density of error signal: a - the previous version of the 

software; b - the new version 

4. Conclusion 

The studies showed the universality of the proposed method for using the improvement of metrological 

characteristics, in particular, it can be used for QFS on caesium atoms - 133, because the principle of 

operation of the standard on caesium atoms is also based on the principle of tuning the frequency of the 

crystal oscillator according to the frequency of the caesium atomic transition - 133. It was also found 

that the use of a new method for adjusting the frequency codes of the microwave excitation signal 

improved the Allan dispersion of the output signal of the QFS by more than 5% compared with 

previously used designs. This allows to solve the problem of determining the coordinates of the object 

with an accuracy of less than 1.5 m. 
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Abstract.  

The effect of anomalous grain-boundary diffusion on the measurements of drift mobility in 

polycrystalline semiconductors is studied within the fractional differential model of dispersive 

transport. Inhomogeneous distributions of the electric field and the density of localized states 

are also considered. Analytical solutions are obtained by the method of separation of variables 

applied to the fractional Fokker-Planck equation and validated by the Monte Carlo simulation 

of hopping transport on inhomogeneous distributions of localized states. Obtained results can 

be useful in the interpretation of the time-of-flight measurements of charge carrier transport in 

perovskite solar cells. 

 

An important method for studying electron transfer in low-conductivity 

semiconductors is the time-of-flight (ToF) experiment, which has recently been used to study 

the features of charge transport in perovskite solar cells [1] and organic bulk heterojunction 

cells [2]. In the ToF method, the photocurrent response is studied after the injection of 

nonequilibrium charge carriers by a short laser pulse from the side of the transparent 

electrode. Typically, a strong electric field (> 105 V / cm) close to the dielectric breakdown 

conditions is applied to the sample in order to eliminate the effects of space charge and reduce 

the contribution of carrier diffusion to the observed response. The correct interpretation of the 

ToF measurements in inhomogeneous structures remains relevant, since not only the density 

of states determines the kinetics of the photocurrent, but also the morphology of the 

percolation regions, the presence of defective layers, inhomogeneity of the electric field, 

recombination, etc. For charge carriers in disordered semiconductors, dispersive transport is 

usually observed, which is characterized by subdiffusive behavior, power law decay of 

transient current and nonlinear dependence of the time of flight on the sample width [3]. 

Using the ToF method, the author of Ref. [1] measured the drift mobilities of 

electrons and holes in the perovskite methylammonium lead iodide. It was determined that the 

dispersive transport mode is typical for both photoinjected charge carriers. It is indicated, that 

the optimal thickness of the perovskite layer can be determined by calculation and dispersive 

transport must be taken into account in these calculations. 

In the present work, we study the effect of diffusion along grain boundaries, the 

inhomogeneity of the distribution of the electric field and the density of localized states along 

the width of the sample in the framework of the fractional differential model of dispersive 

transport [3,4]. The model of anomalous grain-boundary diffusion leads to the generalized 

Fokker-Planck equation with a truncated fractional derivative [5]. The transient current curves 

demonstrate a transition from the dispersive transport mode to the normal drift-diffusion with 

the sample thickness increase. The presence of traps at grain boundaries leads to a distributed 

dispersion parameter and, as a consequence, competition between subdiffusion modes. 
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 In the case of an inhomogeneous distribution of the electric field over the sample 

thickness, the assumption of homogeneity leads to underestimated values of drift mobility [1]. 

The transition current curves show maxima near the time of flight. A similar effect occurs in 

the case of an increased concentration of localized states at the surface of the sample (near the 

electrodes). 

 Analytical solutions are found by solving the initial-boundary value problem for the 

fractional Fokker-Planck equation by the method of separation of variables, using the 

representation of a subordinated random process. The solutions are in agreement with the 

results of Monte Carlo simulation of hopping transport on inhomogeneous distributions of 

localized states. 

 

The study is supported by the Russian Science Foundation (project 19-71-10063). 
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Abstract.  

The concept of van der Waals (vdW) heterostructures provides a wide range of possibilities of 

combining two-dimensional (2D) layered materials for heterogeneous integration at atomic 

level without the constraint of lattice matching. The resulting structures exhibit unique 

physical properties and are promising for nanoelectronic and photonic applications. Recently, 

the concept of vdW heterostructures has been extended to 1D materials, and coaxial 

heteronanotubes have been synthesized.  In the present work, we simulate a one-dimensional 

vdW heterojunction based on a carbon nanotube (semiconducting or metallic) embedded into 

a uniaxial MoS2 nanotube. Using first-principles methods, electron difference density and 

transmission spectra are calculated for two vdW junctions at room temperature. This junction 

can serve as a nanodiode with controlled width of a space charge region. 

 

Vertical heterostructures based on 2D materials can be combined from one atom thick layers. 

Due to strong covalent bonds inside layers and weak vdW interation between them, there is 

no the atomic interdiffusion. As a consequence, vdW heterostructures have atomically 

regulated interfaces, and the constraint of lattice matching is removed. The recent paper [1] 

reported on the extension of the vdW heterostructures concept to 1D materials. Coaxial 

single-crystal layers of hexagonal boron nitride (BN) and molybdenum disulfide (MoS2) 

crystals were grown on single-walled carbon nanotubes (SWCNTs). 

In this report, we present the simulation results of a 1D vdW heterojunction formed 

by SWCNT embedded into a uniaxial molybdenite (MoS2) nanotube. Metal dichalcogenide 

(MX2) nanotubes are one-dimensional quantum systems with a wide bandgap. Unlike 

nanoribbons, they do not have rough edges with dangling bonds and are characterized by 

higher thermodynamic stability. MX2 nanotubes in combination with carbon nanotubes are 

promising for applications in nanoelectronics and photonics [2]. In contrast to [2], where 

Schottky diodes MX2 – CNTs with a contact at the edges of nanotubes are studied, we 

consider a 1D vdW heterojunction formed by the SWCNT inserted inside MoS2 nanotube. 

The simulation in [3] indicates an inhomogeneous distribution of the space charge region 

(SCR) in the Schottky junction with a tendency to charge transfer from metal and chalcogen 

atoms to carbon atoms. Figure 1 shows a simulated nanodiode based on a 1D vdW 

heterostructure MoS2-CNT. Using the density functional theory (DFT) based method 

implemented in the QuantumATK package, electron difference density, electrostatic difference 

potential and projected local density of states are calculated. From electron difference density, 

one can see that SCR is located near the SWCNT surface over the length of vdW junction. 

This confirms the tendency mentioned above.  
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The transmission spectra and IV curves were calculated using the method of nonequilibrium 

Green functions (NEGF) implemented in the QuantumATK package. The current is calculated via 

                                                                                  (1) 

where  and  are Fermi-Dirac distributions of electrons in the left and right electrodes at 

corresponding temperatures, Т(Е) – transmission spectrum calculated by DFT and NEGF. In Figure 2, 
the transmission spectra for MoS2 contacts with semiconducting SWCNT (17,0) and metallic SWCNT 

(9,9). The MoS2-SWCNT(17,0) junction demonstrates a higher rectification index than the considered 

Schottky diode, for which the projected local density of states is shown in Figure 2 (right panel). In 
SCR, there is enhanced concentration of states with energies in the bandgap of the MoS2 nanotube. 

The size of SCR and, therefore, its capacity can be easily varied by selecting the diameter and chirality 

of nanotubes, as well as changing the length of the heterojunction attachment.  
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Figure 1. 1D vdW heterojunction MoS2 - CNT(9,9) and calculated electron difference density. 
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Figure 2. Transmission spectrum of 1D vdW heterojunctions MoS2 with CNT(9,9) (blue dashed line) and 

CNT(17,0) (black solid line) and projected local density of states for junction MoS2-CNT(9,9) .  
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Abstract. Numerical model of GaN nanowire /Si Schottky diode was performed. Volt-ampere, 

capacitance-voltage and relaxation characteristics of the structure were calculated. It is shown 

that such diodes based on GaN NWs demonstrate high operation rate. 

1. Introduction 
A large number of modern technical solutions are implemented with the use of high-speed electronics. 

First of all it concerns mobile, wireless, satellite communications, local data transmission systems 

(Wi-Fi, Bluetooth, WiGig, WirelessHD), telecommunications, radar systems, medical diagnostic and 

therapeutic equipment, aircraft onboard weapon guidance and navigation systems, security inspection 
systems. Current trends are dictating necessity to reduce the size of electronic components, to increase 

their output power, speed, operating temperatures, resistance to radiation (spacecrafts). To achieve this, 

it is necessary to develop semiconductor devices based on materials capable to work in adverse 
conditions, integration of new materials with the silicon platform is more economically favorable than 

using expensive growth substrates (for example, Ge, GaAs , SiC, sapphire). 

 During last years there is an increase in investigations concerned with devices based on NWs, 
for example [1-3]. 

This work is dedicated to the numerical calculation of the high-speed Schottky diode based on 

gallium nitride (GaN) nanowire (NW) on silicon substrate. 
 

2. Modeling 

In this work Comsol Multiphysics package was used to simulate the operating mode of the Schottky 

diode based on GaN NWs. This model includes tunnel effects at metal/semiconductor interface as well 
as surface states density. Different metals forming Schottky barrier were considered. NW and substrate 

doping levels, NW diameter and length were varied during simulation to obtain optimum parameters 

of structure operation. Current-voltage (I-V), capacitance-voltage (C-V) were obtained. RC-constants 

of modeled structure were calculated to estimate the cut-off frequency of the device. 
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3. Summary 

In the course of this work, numerical simulation of the operating mode of the Schottky diode based on 

GaN NW was carried out, its configuration was numerically optimized and the original design of the 

structure was formed for further experimental studies. 
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Abstract. Nonradiative recombination channel of spin-forbidden dark excitons in colloidal      

4 ML thick CdSe nanoplatelets synthesized in argon and ambient atmosphere is revealed by 

theoretical analysis of time-resolved photoluminescence. The nonradiative recombination 

lifetime τnr = 12 ns is found to be independent on nanoplatelets synthesis atmosphere. It is 

shown that presence of nonradiative recombination channel affects spin polarization of dark 

excitons and results in temporal dependence of circular polarization degree of 

photoluminescence in external magnetic field.   

1. Introduction 

 Recombination dynamics of excitons in ensembles of colloidal semiconductor quantum dots 

usually demonstrates multiexponential behavior. The reason is dispersion of exciton lifetimes within 

an ensemble as well as trapping and de-trapping processes of photoexcited electrons and holes. These 

factors make it difficult to directly evaluate such an important parameter as the intrinsic lifetime of 

excitons [1]. The present work demonstrates that in the case of ensembles of colloidal quasi two-

dimensional bare-core 4 ML thick CdSe nanoplatelets synthesized in argon or ambient atmosphere 

low-temperature recombination dynamics of excitons in zero magnetic field is fully described by three 

characteristic lifetimes τ1=100 ps, τ2=11 ns, τ3=114 ns [2] having a specific physical meaning. 

 Analysis of magnetic field and temperature dependences of these lifetimes shows that lifetime τ1 

is independent both from temperature and magnetic field, allowing to ascribe it to radiative 

recombination lifetime of bright (spin-allowed) excitons. The lifetimes τ2 and τ3 demonstrate 

temperature dependence of activation type, typical for thermal population of bright excitons from the 

dark (spin-forbidden) excitons bath (Fig.1a,b, upper panels). Magnetic field dependences of lifetimes 

τ2 and τ3 is proportional to B-2 indicating mixing of bright and dark exciton states in transverse 

magnetic field (Fig.1a,b bottom panels). It worth noting that for both temperature and magnetic field 

dependences of lifetimes τ2 and τ3 the relation 1/τ2(B,T) = 1/τ3(B,T) + 1/τnr holds, where τnr = 12 ns. 

Additionally, in applied magnetic field increase of time-integrated photoluminescence (PL) intensity 

from decay component with lifetime τ2 proportional to B2 was observed. It results in two-fold increase 

of total time-integrated PL intensity in magnetic field 15 Tesla. As increase of total PL intensity is a 

direct evidence of enhanced PL quantum yield, one can ascribe lifetime τ2 to dark excitons in 

nanoplatelets with nonradiative recombination channel. In turn, lifetime τ3 corresponds to dark exciton 

lifetime in nanoplatelets without nonradiative recombination channel, i.e. intrinsic radiative 

recombination lifetime of dark excitons. The origin of nonradiative recombination channel according 

to [3] can be associated with surface trap states.  

 Additionally, analysis of magnetic field-induced degree of circular polarization (DCP) of time-

resolved PL was performed. It was found that presence of nonradiative recombination channel besides 
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the dark exciton lifetime affects the DCP of the dark excitons. In the case of nanoplatelets synthesized 

in the argon atmosphere DCP of dark excitons with lifetimes τ2, τ3 is negative while differ in absolute 

value. In the case of nanoplatelets synthesized in the ambient atmosphere DCP of dark excitons with 

lifetimes τ2, τ3 is positive in low magnetic fields. However, in magnetic fields higher than 7 Tesla DCP 

of dark excitons with lifetime τ3 becomes negative. The latter fact results in change of the total DCP 

sign with time.  

 To conclude, regardless of synthesis atmosphere a fraction of bare-core CdSe nanoplatelets in 

ensemble contains a nonradiative recombination channel, which manifests itself both in recombination 

dynamics and degree of circular polarization of excitons.   

 

2. Figures 

a     B 

      

Figure 1(a, b). Temperature and magnetic field dependences of lifetimes τ2 and τ3 in (a) argon-

synthesized CdSe nanoplatelets; (b) ambient-synthesized CdSe nanoplatelets. Open circles show 

lifetimes τ2 and τ3 obtained from three-exponential fitting of PL decay. Curves show results of 

theoretical modeling.  
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Abstract. The spin-dependent electron transport in two coupled quantum rings with Rashba 
spin-orbit interaction and magnetic flux was studied by using quantum waveguide theory.We 
show the dependance of spin-polarization on system parameters such as the Rashba coupling 
constant, the radius of the rings, the angles between the leads and the attachment point of the 
rings. The spin-polarization can be controlled and changed from -1 to +1 by using a magnetic 
flux. Also it was shown that this model is a limiting case of double Rashba quantum ring when 
the length of the middle lead between rings vanishes. 

1. Introduction 
In recent years improvement in technology has led to a growing interest in spin-dependent transport 

in mesoscopic systems1. Manipulating spin degrees of freedom is an important fundamental subject. 
The most useful instrument to control the electron spin is the Rashba spin-orbit interaction 
(RSOI)2. The strength of RSOI can be easily controlled by an external electric field or a gate voltage. 
Low-dimensional quantum nanostructures such as quantum rings also have attracted an interest in 
nowadays and play an important role in microelectronic3. Some of the theoretical researchers posed 
quantum rings as a multipurpose and flexible spintronic device. Naeimi et al. explored spinfiltering 
properties of transmitted electrons through a quantum ring4, double quantum ring5 and triangular 
network6 in the presence of RSOI and magnetic flux.  

In this paper we have studied the spin-dependent electron transport, particularly spin-filtering and 
spin-polarization, in two coupled quantum nanorings connected to two external leads in the presence 
of RSOI and magnetic flux using quantum waveguide theory.  

2. Theoretical model 
We consider two one-dimensional coupled quantum rings. The leads are considered as the incoming 

and outgoing leads, respectively. The strength of Rashba SOI in the left (right) ring is denoted by
( )L Rα α . There are tunable magnetic fluxes through the center of each ring such that there is no 

magnetic field on them. The thickness of the ring is small enough, so we can consider only the lowest 
level of electron subband with a good approximation.   

The electron wave functions in the incoming and outgoing leads are as follows: 

( ) ,I Iikx L L ikx
I I

L L

f r r
x e e

f r r
ψ ↑ ↑↑ ↓↑ −

↓ ↑↓ ↓↓

+   
= +   +   

 ( ) ,IIL L ikx
II II

L L

t t
x e

t t
ψ ↑↑ ↓↑ −

↑↓ ↓↓

+ 
=  + 

 

for upper and lower arms of two similar rings: 
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where L  and R  denote the left and right rings respectively, ( , )fσ σ =↑ ↓  is the amplitude of 
injected electron with spin σ , ( )L Rt tσσ σσ′ ′  is the transmittion amplitude of electron with incoming 
spin σ and outgoing spin σ ′  , and similarly ( )L Rr rσσ σσ′ ′  is the reflection amplitude of electron. 

Next using Griffith's boundary conditions and employing the Gaussian elimination method, we can 
obtain all the unknown coefficients , , , ,Lj Lj Rj Rj R La b a b t rµ µ µ µ

σσ σσ′ ′  for the left and right rings. Finally, the 

transmission coefficient for the outgoing lead can be determined by 2T tσσ σσ′ ′= .  

3. Numerical results 
In this section we perform a numerical study of the spin-dependent electron transport in two 

coupled quantum rings with Rashba spin-orbit interaction. The effects of different system parameters 
such as the Rashba coupling constant, the radius of the rings, the angles between the leads and the 
attachment point of the rings, on spin-polarization were also obtained. We have found an appropriate 
value of Rashba SOI constant when the system of two coupled quantum rings can work as a perfect 
electron spin-inverter. This property can be used in spintronic as a magnetic spin-switching. Perfect 
spin-inversion can be obtained when the angles between rings and corresponding leads areπ , radiuses 
of the rings are 1 and Rashba constants in left and right rings are equal 1. Also the system of two 
coupled rings can be used as a controllable spin-polarization device, by using magnetic flux. Also it 
was shown that a model of two coupled rings is a limiting case of double Rashba quantum ring when 
the length of the middle lead between rings vanishes. 
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Deposition of a titanium coating on a steel base by contact 

welding and study of the resulting layered system structure 
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Abstract. The paper describes a method for the deposition of a titanium coating on a base of steel 

grade Cr12MoW for further modification of the layered system. The resistance welding parameters 

required for the formation of the "steel – titanium" structure with an increased hardness of 300–

800 HV were established. 

 
1. Introduction 

To increase the service life of metal parts operating under the conditions of increased wear (in friction 

pairs) or in harsh environment, the working parts are coated with protective films or coatings by various 
methods [1-3]. In almost all cases, after the coating deposited on the surface of the product, there is a 

problem in achieving a strong connection of dissimilar metals. This occurs when applying a titanium 

layer (coating) on a steel base in the form of a foil or a thin sheet. Therefore, the use of resistance welding 

for the formation of an integral connection between steel grade Cr12MoW and commercially pure 
titanium is studied in this work. 

 

2. Methodology 
The experimental samples were made in the form of disks of Cr12MoW steel with a diameter of 14 mm 

and a thickness of 3.5 mm. The coating was obtained from a 0.2 mm thick sheet of a titanium alloy of the 

TA2 grade (VT1-00 analogue). After preparing the surfaces to be welded (machining and cleaning), 
resistance welding was performed with a variable value of the consumed voltage U and pulse duration t. 

As a result, a layered "Cr12MoW steel + Ti coating" structure was obtained, the total height of which was 

3.65–3.75 mm. 

The microstructure and quality of the welded joint of the resulting system were analyzed using optical 
microscopy. The prepared microsection samples of the composite structure were studied in the active spot 

of resistance welding. To analyze the stress state, the microhardness was measured by the Vickers method 

(HV) at a load of 50–100 gf. 
 

3. Results 

At the voltage U = 160 V and pulse duration t = 250 ms, a high-quality and strong joint could not be 
formed. The microscopy results showed that titanium 1 had no permanent deformation. No significant 

thermal effect on the steel base was observed as well 2 (Fig. 1а).  Analysis of the microstructure of the 

sample obtained at U = 160 V and the welding pulse duration t = 1000 ms proved that there occurred the 

formation of intermetallic compounds 3 (Fig. 1c). Their presence usually causes a decrease in bond 
strength and increased fragility. 

An increase in voltage to 175 V at t = 250 ms led to a significant deformation of the titanium layer 5 and a 

decrease in thickness by half (Fig. 1d). With the given treatment parameters, pores 4 were also formed in 
the fusion region. 
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Figure 1. Cross section of a welded joint and its layered structure consisting of a base and a coating: 

а – U = 160 V, t = 250 ms; b – U = 160 V, t = 500 ms; c – U = 160 V, t = 1000 ms; d – U = 175 V, 
t = 250 ms; e – U = 175 V, t = 500 ms. 

 

An increase in the pulse duration t = 500 ms at a voltage of 175 V led to excessive heat exposure and the 

formation of voids 6 in the central part of the steel base (Fig. 1e). The use of the reduced voltage U = 160 
V at t = 500 ms led to the formation of a uniform joint. A low degree of deformation in titanium under the 

compression of the electrodes was practically not observed with a moderate thermal effect of the current 

pulse (Fig. 1b). The indicated pulse duration was sufficient for the formation of a strong and uniform joint 
(without defects in the form of pores) and the formation of intermetallic compounds in the joint region. 

 

4. Conclusion 
Thus, when welding dissimilar materials, in particular steel and titanium, energy-efficient contact welding 

modes were determined in order to form a strong joint of the layered "Cr12MoW steel + Ti-coating" 

system. The resulting structure can be further thermally modified to increase the wear resistance of the 

working surface, e.g. of a metalworking tool [4]. 
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Study of the relationship of induction heating parameters and 
mechanical properties of commercial purity titanium 
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Abstract. In this work, the relationship between the parameters of voltage, inductor current, 
duration, temperature of induction heat treatment and the hardness of commercial purity 
titanium was studied. As a result, the temperature ranges were established at a fixed voltage 
and current of the inductor. At certain technological conditions, with various durations of heat 
treatment, the hardness of the titanium surface was determined. 

1. Introduction 
Titanium and its alloys have become widespread in the aerospace and engineering industries due to a 
combination of mechanical and chemical properties. Low specific weight, high corrosion resistance 
and biocompatibility ensured their widespread use in medicine [1]. However, titanium can not 
satisfactorily withstand friction under high loads. Wear resistance mostly depends on the crystal 
structure, surface treatment quality, friction coefficient and hardness [2]. To increase the wear 
resistance, titanium and its alloys, as well as zirconium and tantalum, undergo structural and chemical 
surface modification [3-6]. 
There are several methods used to obtain a surface layer with the required mechanical properties, one 
of which is chemical-thermal treatment. When titanium is heated in the air, the oxide film growth and 
the saturation of the surface layer with oxygen are observed. This effect contributes to the 
improvement of mechanical properties, e.g. hardness and wear resistance [4]. 
The purpose of this work is to study the influence of induction heating parameters (voltage, inductor 
current) and the duration of exposure in the air atmosphere on the treatment temperature and the 
obtained hardness values. 
 
2. Methodology 
For the experiment, titanium (commercially pure titanium VT1-00) samples of a disk shape with a 
diameter of 13.9–14.1 mm and a thickness of 1.95–2.00 mm were prepared. The sample preparation 
included finishing turning, grinding (Ra 0.32) and cleaning in ethanol. This was followed by a high-
temperature induction treatment of the surface, which provided for the exposure time t at a given 
temperature ≈1, 60, 120 and 300 s, respectively. The process of induction heat treatment (IHT) 
comprised several stages, in particular intensive heating, exposure and cooling (without forced 
blowing). ITT was performed in a laboratory setup, the main parameters of which were voltage U = 
70–90 V, inductor current I = 2.5–3.5 kA and exposure temperature T = 900–1250 °C. The operating 
current was measured using "UNI-T UT205" current clamps. Temperature measurements were 
conducted by the methods of thermal imaging analysis and colorimetry. The main dimensions were 
checked using a caliper combined with a visual inspection of the resulting workpiece in order to 
identify the macro-size defects. Mechanical tests were performed using a "PMT-3" microhardness 
tester according to the Vickers method with an indenter load of ≈0.98 N (100 gf). 
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3. Results 
The maximum temperature in the course of IHT reached 1250±50 °C. The control of geometric 
dimensions showed that all samples retained their shape after heating and can be further used for 
hardness testing. With increasing voltage, the samples were characterized by a significant change in 
thickness and subsequent delamination of the scale. 
At a voltage of 70 V, with an increase in the exposure duration, the consumed current fell from 2.4–
2.5 to 2.2–2.3 kA. For t = 1 s and t = 60 s, the temperature interval corresponded to T = 900–950 °C, 
and as t grew to 120–300 s, the temperature reached 1000–1050 °C. The hardness at the voltage of 70 
V and t = 1 s was 3.3 GPa, at the same time inclusions with high hardness of about 9.3 GPa were 
noted. In the remaining samples, with a duration t = 60–300 s, the hardness increased to 11.7–
15.1 GPa, respectively. 
At a voltage of 80 V, the inductor current stabilized at 2.9–3.1 kA. The temperature of the sample with 
an exposure duration t = 1 s reached 1000–1050 °C, whereas for the rest it was 1050–1100 °C. The 
hardness of the samples varied in the range 12.5–15.5 GPa. IHT of titanium at U = 90 V showed that 
the inductor current gradually decreased from 3.5 to 3.1 kA with increasing duration. The temperature 
range during the exposure was in the range of 1200–1250 °C, while the hardness decreased slightly 
and amounted to H = 10.8–14.5 GPa. 
 
4. Conclusions 
Thus, the influence of ITT parameters (voltage, inductor current and exposure duration) on the process 
temperature in the range of 900–1250 °C and the resulting hardness values on the titanium surface in 
the range of 10.8–15.5 GPa was shown. This value significantly expands the scope of application of 
commercially pure titanium, in particular in the form of a wear-resistant element (insert) for 
instrumental products or cutting elements of intraosseous designs of titanium implants [4] operating in 
difficultly loaded conditions and harsh environments. 
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Abstract. Tm3+, Er3+ and Nd3+-doped Gd2O3 nanoparticles were synthesized by combined 

Pechini-foaming. The structural and luminescence properties of nanocrystalline powders were 

studied using XRD, SEM, SLS and photoluminescence spectroscopy. The samples demonstrate 

weak agglomeration of nanoparticles and well-formed crystalline phase simultaneously. 

Changes of crystal unit cell parameters and sizes of coherent scattering regions for samples 

doped with one rare earth ion and co-doped with three ions are calculated. A comparative 

analysis of the luminescent properties of these samples has also been carried out. 

 

It is necessary to visualize the processes occurring both in the body and in an individual cell for 

fundamental research and diagnostics in the field of medicine, molecular and cellular biology. 

Luminescent labels are studied for application in the field of immunoassay, high-speed imaging and 

medical diagnostics [1]. The requirements for multiplex biological analysis without complex equipment 

and processing have led to the development of unique fluorescent nanolabels.  

Metal oxides are the most promising compounds for rare earth ions (REI) doping due to their chemical 

inertness and the stability of the physical and chemical properties over a wide temperature range [2, 3]. 

Nanoparticles of gadolinium oxide (Gd2O3) have been investigated as a novel contrast agent for 

Magnetic Resonance Imaging (MRI) [4, 5]. Gadolinium oxide doped with rare earth ions will have two 

functional properties: a luminescent label and the contrast agent for MRI. 

Previously, the authors developed the combined Pechini-foaming method [6] where foam-forming 

component is added to the precursors. Synthesis is based on the standard Pechini technique. During the 

synthesis the foam fills the gel’s structural network and prevents the agglomeration of the oxide 

particles. The method results in the formation of the uniformly doped weakly agglomerated oxide 

particles with well-organized crystalline structure. The structure ensures the high luminescence yield, 

while the small size of the particles affords to prepare stable colloid solutions and suspensions. We 

developed the temperature treatment parameters of the synthesis, which lead to the best structural and 

morphological properties of the powders. 

It is known that each rare earth ion embedded into specific crystalline matrix is characterized by the 

unique set of luminescent parameters, namely spectral line positions and emission intensity ratio. A 

system containing three rare earth ions will be characterized by a set of luminescence bands 

characteristic of each REI.  
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As part of this work, gadolinium oxide nanoparticles were synthesized by combined Pechini-foaming 

method. The structural properties and morphology have been studied. Diffraction analysis confirms the 

presence of a single phase. Changes of crystal unit cell parameters during the doping of different REI 

into the oxide matrix were shown. SEM and SLS results confirmed the presence of weakly agglomerated 

particles below 100 nm. The luminescence spectrum contained non-overlapping emission lines 

originated from each rare earth ion (for example, Nd - 1065 nm, Er - 554 nm and Tm - 476 nm).  
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Abstract. This paper presents new design torsion suspension of MEMS z-axis accelerometer. 

These prototypes Z-axis accelerometer are based on pantograph lever structure is out-of-plane 

devices.  The results of finite element analysis of the structure are presented. 

Introduction 

An increase in the thickness of the instrument layer of inertial sensors manufactured on SOI structures 

using the technology of deep reactive-ion etching (DRIE) allows you to create designs with an 

instrument thickness of more than 100μm and an aspect ratio of up to 1:50 [1]. Such designs can 

increase the inertial mass without increasing the area of the sensitive element, so that you can reduce 

noise, increase sensitivity and reduce the cost of the MEMS sensors. Torsion suspensions are widely 

used in MEMS out-of-plane devices as like micromirrors, accelerometers, energy harvesters, switches. 

Design of the MEMS acceleration sensor 

The MEMS z-axis accelerometer sensitive element is shown in Figure 1a. This sensor designed to 

measure the acceleration of the perpendicular plane of the substrate and contains the inertial mass (1), 

four suspensions of a sensitive element (2), capacity transducer (3), contact pads (4,5). The size of the 

inertial mass is 500x500х100 microns and sensor size is 900 x 900 microns. 

 

 
 

Figure 1. Figure 1(a, b). (a) Topology of MEMS accelerometer; (b) Suspension beam. 

The MEMS suspension of the accelerometer is shown in Figure 1b and consists of a lightweight rigid 

beam 1 and a pair of vertical torsion beams 2 and 3. Torsion beam 2 consists of two parallel connected 
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torsion elements, which allows isolation of torsion strain from bending strain due to the spacing of the 

primary torsion elements[2,3] 

Simulation of micromechanical accelerometer 

The result of the finite element modal analysis is shown in Figure 2. The first mode of vibrations with 

a natural frequency of 7582 Hz corresponds to a deformation perpendicular to the plane. The second 

and third modes of oscillation occur in the plane of the silicon wafer at frequencies of 10459 Hz and 

10465 Hz.  

The amplitude of displacements was obtained as a result of static finite element analysis and is 

proportional to the magnitude of the effective acceleration. At 1 g acceleration: 4.5 nm along the Z 

axis, and 2.2 nm along the X, Y axis. At 10 g acceleration: 46 nm along the Z axis, and 23 nm along 

the X, Y axis.  

 

 

Figure 2. General frequency mode 

Conclusion 

The design of an integrated micromechanical accelerometer is proposed. Optimization of structural 

suspensions can have equal frequencies along three axes and can serve as the basis for a three-axis 

MEMS accelerometer. 
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Abstract. An electrophysical model of the micro-arc oxidation process, which allows, on the 

basis of the equivalent electric circuit and fundamental laws of physics and chemistry, to 

describe the formation mechanism of protective coatings by the micro-arc oxidation method 

taking into account the large number of physical effects inherent in this process is proposed. 

The proposed model can be used to increase the controllability of micro-arc oxidation 

technology. 

1. Introduction 

At present, the micro-arc oxidation (MAO) technology is actively developing: oxide films that protect 

against wear and corrosion, antibacterial coatings for titanium implants and even radiation sensitive 

layers have been obtained [1, 2].The main interest of scientists at present is directed to the 

modification of MAO coatings with nanoparticles in order to further increase their functional 

properties and expand the scope [3] – [5]. However, the main problem of the MAO process - the 

complexity of the technological parameters selection, the solution of which is of great importance for 

industrial production is not taken into account [6]. 

For effective control the MAO process, knowledge of the physical phenomena occurring during the 

coating formation, which makes it possible to purposefully act on them in order to obtain oxide layers 

with desired properties, is necessary. There are a large number of works aimed at studying the 

mechanism of the MAO coatings formation, but there is still no comprehensive mathematical 

description that takes into account all the physical effects inherent in the MAO process, in particular, 

the microdischarges burning [7]. 

The electrophysical model proposed in this work allows us to mathematically describe the formation 

of MAO coatings to determine the oxide layer properties (thickness, porosity, corundum content) 

during the MAO processing, on the base of equivalent electrical circuit of the metal-oxide-electrolyte 

system and known physicochemical regularities. 

2. Development of an electrophysical model of the MAO process 

The metal-oxide-electrolyte system can be represented in the form of an equivalent electrical circuit 

(Fig. 1), the parameters of which depend on the stage of the MAO process. In this case, the 

experimentally measured voltage drop across the oxide layer depends on the thickness and capacity of 

the coating, as well as on porosity. Porosity is determined from geometric relationships according to 

the Keller model (at the anodizing stage). 

At the stages of microdischarges (spark, micro-arc, arc), dielectric breakdowns of the formed coating 

occur, and the thickness of the coating can be calculated according to known empirical formulas. The 
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minimum current of a single microdischarge is determined based on the calculated parameters of the 

equivalent circuit and the porosity of the coating. The length of the discharge gap at the beginning of 

the sparking stage is determined from the condition of electrolyte boiling in the pore during dielectric 

breakdown. The content of crystalline alumina modifications in the coating depends on the 

temperature of the walls and bottom of the pore during microdischarge and obeys the Kolmogorov-

Johnson-Mehl-Avrami equation. 

 

Figure 1. Equivalent circuit of the MAO process: U(t) – source of alternating voltage; I(t) – 

technological current, including electronic Ie and ionic Ii currents; Rel – electrolyte resistance; Rcoat, 

Rbl, Rpl – resistances of the coating, barrier and porous layers respectively; Ccoat – coating capacity; 

Rdis is the microdischarges resistance. 

3. Conclusion 

The proposed model has some limitations associated with insufficient knowledge of the MAO 

coatings formation mechanism at the spark and micro-arc stages. Nevertheless, this model can be used 

to develop more general mathematical models, as well as to create an intelligent automated system for 

the controlled synthesis of oxide coatings in order to increase the controllability of the MAO process 

[8]. 
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Abstract. The kinetics of intrasubband energy relaxation of electrons in quantum wells in a 

quantizing magnetic field is studied when electrons are excited to the Landau level lying below 

the optical phonon energy. Quite different relaxation scenarios of the interlevel kinetics were 

revealed and discussed. The type of observed scenario is determined by the interplay of 

electron-electron scattering and electron-phonon interaction as well as by the initial electron 

concentration in the system. 

Introduction 

The work is devoted to studying the kinetics of intrasubband energy relaxation of electrons in quantum 

wells (QWs) in a quantizing magnetic field. In this system the electron-electron (e-e) scattering 

becomes the main scattering mechanism, resulting in a specific two-stage scenario [1,2] of the energy 

relaxation  – the fast thermalization of the electron subsystem due to e-e scattering, resulting in a 

formation of a quasi-Boltzmann distribution of electrons over Landau levels (LLs) and subsequent the 

much slower relaxation of energy due to the emission of optical phonons by electrons from the upper 

LLs, while the electron distribution continues to remain Boltzmann-type with slowly decreasing 

temperature of electron subsystem.  

Here we report a quite different scenario of the energy relaxation in the LL system of QWs, observed 

in the situation with low initial population of the ground LL (Nn=0(t=0)). In this case a considerable 

part of the excitation energy is relaxed long before the Boltzmann-like distribution is established. It 

was shown that the intensity of the e-e scattering when one of the interacting electrons is situated at 

the ground (0-th) LL and other on the excited one is an important factor determining the type of the 

relaxation scenario. 

Method and results 

In the present work the energy relaxation kinetics in an n-type GaAs/Al0.3 Ga0.7As QW of 25 nm width 

in a quantizing magnetic field applied perpendicularly to the layers of the structure at the lattice 

temperature TL=4.2K was studied. A nonequilibrium electron population is created by selective 

electrons injection to one of the upper LLs in the lowest subband, say the LL n=3, i.e. at the initial 

instant, only the levels n=0 and n=3 are populated. The temporal evolution of the level populations is 
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calculated from rate equations expressing the balance between the number of electrons coming to and 

leaving the LL owing to the e-e scattering and optical phonon emission [1, 2].  

The e-e scattering probabilities are calculated according to [2] taking into account the band 

nonparabolicity [3]. 

The energy relaxation rate is characterized by the energy relaxation time (trelax) determined as that of  

e-1 energy decay. Thermalization time (ttherm); the time of the Boltzmann-like distribution formation;  is 

determined as a time moment when the deviation of the lower (n=0,1,2,3) LL populations from the 

Boltzmann ones does not exceed 1%.  

The dependencies of the both ttherm and trelax are shown in figure 1(a). As can be seen in this figure, ttherm 

and trelax depend significantly on the initial population of the ground LL (Nn=0(t=0)). For high 

Nn=0(t=0), the trelax is much longer than ttherm. This situation is similar to the two-stage relaxation 

mechanism described in our earlier work [2]. The ttherm increases with lowering Nn=0(t=0), and exceeds 

the trelax at sufficiently low values of Nn=0(t=0), i.e. Nn=0(t=0) << Nn=3(t=0). It means that the relaxation 

scenario in this case differs considerably from the two-stage one – a considerable energy loss due to 

the optical phonon emission is already occurring in the thermalization process, and the most part of the 

excitation energy is relaxed before the Boltzmann-like distribution formation.  

The relationship between energy relaxation and thermalization rates was revealed by their magnetic 

field dependences (figure 1(b)). The general rule is that an increase in the rate of energy relaxation is 

accompanied by a corresponding deceleration of thermalization and vice versa. 

  

Figure 1(a, b). Dependences of trelax and ttherm (a) on the initial population of the ground LL 

Nn=0(t=0) (B= 3.5 T); (b) on the magnetic field strength. 
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Abstract. We present an analytical theory of flexural modes in graphene. In this theory, the 
dynamical matrix of flexural modes is a square of the dynamical matrix of phonons, and the 
dispersion law of flexural modes is a quadratic one. Using a scalar model in which the atomic 
displacements are scalar values, we obtain analytical expressions for the dispersion law and the 
vibrational density of states of flexural modes in graphene. Using numerical methods, we then 
investigate the effect of disorder on the transfer of such modes at different frequencies. 

1. Introduction 
One of the most important topics in condensed matter nanophysics today is the study of such unusual   
material as crystalline graphene. Crystalline graphene is a 2-d material, a monoatomic hexagonal 
lattice of carbon where each atom is connected by sp2 valence forces with its three nearest neighbors. 
The graphene, due to its unique Brilluine zone construction, possesses exceptional mechanic, physical, 
and optical properties [1, 2] which are now used in many applications. In particular, it has a record-
high value of thermal conductivity, which is very important for heat dispersion in nanostructural 
devices. As it is well known, the heat transfer in dielectrics and semiconductors is due to the vibrations 
of the crystalline lattice. Usually they are phonons which propagate through the crystal with constant 
velocity – velocity of sound 𝑣, and they have a linear dispersion law 𝜔 = 𝑣𝑘. Phonons give a linear 
contribution to the vibrational density of states 𝑔(𝜔) ∝  𝜔. The phonon modes in graphene are 
polarized in the plane of the graphene sheet. But besides phonon modes, graphene has another type of 
vibrational modes – flexural modes, which have a quadratic dispersion law 𝜔 = 𝑏𝑘2. Their 
polarization is perpendicular to the graphene plane. At small 𝑘 it gives to the vibrational density of 
states 𝑔(𝜔) ∝  const. Due to the symmetry, the flexural modes are not mixed with phonon modes at 
all [3]. Their contribution to the heat transfer is necessary to take into account. They also interact with 
electrons and holes in graphene and their contribution is very important for electronic properties. 
 
2. Model 
In the present paper, we build up an analytical theory of flexural modes in graphene. We derive the 
dispersion law and the vibrational density of states of flexural modes. The result is shown in fig.1. The 
dispersion law is given by the formula 

𝜔2(𝒌) = 𝛺2� 3 ± �3 + 𝑓(𝒌) �
2

, 
 
where the 𝑓(𝒌) function is 

𝑓(𝒌) = 2 cos�2𝑎𝑦𝑘𝑦� + 4cos (𝑎𝑥𝑘𝑥)cos (𝑎𝑦𝑘𝑦). 
Here 𝑎𝑥 = 3𝑎/2, 𝑎𝑦 = √3𝑎/2, where 𝑎 is a nearest neighbor distance. 

484



 

Figure 1. Left: The density of states of flexural modes. The analytical expression through elliptical 
integrals is given in [4]. Right: The dispersion law of phonon modes in graphene from [5]. The blue 
and yellow solid lines are our predictions for the dispersion law of ZO and ZA phonons respectively, 
for the crystalline dynamic matrix 𝑀0

2. 
 
 
To derive these equations we have used a scalar model, which for graphene is an exact model. In this 
model, the atomic displacements are not vectors, but scalar values. As a result, each atom in graphene 
has a single degree of freedom, but the number of bonds for each atom is equal to 3/2. Therefore, 
according to the Maxwell criterion [6], such scalar model is a stable one. In order to investigate the 
effect of force constant disorder on flexural modes, numerical methods are used. We construct the 
dynamical matrix as 𝑀 = 𝜇𝑀0

2 + 𝐴𝐴𝑇, where M0 is the crystalline matrix, 𝜇𝜖[0; +∞) is a parameter 
specifying the level of order, and A is a random force constant matrix built on the graphene lattice. 
 
3. Summary 
Using this approach, we find the dynamical matrix of phonon modes 𝑀0 in the plane. We are utilizing 
the model of three springs in the first coordination sphere. In the macroscopic limit, the atomic motion 
is described by the wave equation. It means that from the mathematical point of view, the dynamical 
matrix is a discrete Laplacian on the graphene plane. The flexural modes have a different dispersion 
law and a different dynamical matrix. In the macroscopic limit, they are described by elasticity theory, 
where instead of the Laplacian we have the Laplacian squared [7]. Therefore, the dynamical matrix of 
flexural modes is the dynamical matrix of phonons 𝑀0 squared, and the dispersion law of flexural 
modes is a quadratic one. Afterwards, we show that when force constant disorder is introduced into the 
lattice, at low frequencies the flexural modes are destroyed and become phonons, and the dispersion 
law is linear instead. 
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Abstract. The results of a study of the electrical and gas-sensitive characteristics of H2 sensors based on thin 

nanocrystalline SnO2 films with dispersed Pt, Pd layers deposited on the surface and Sb, Pt additives in bulk are 

presented. It was shown that these samples are capable of detecting high hydrogen concentrations (up to 2.5 

vol.%) while the sensors do not reach saturation and the characteristics are weakly dependent on changes in the 

level of environmental humidity. Multiple annealing of the samples at T = 600 ° C was also carried out to 

increase the value of the response of the sample and subsequent stabilization of the parameters. 

Introduction 
The need to study the parameters of gas sensors based on thin SnO2 films is due to the need to develop 

devices for detecting pre-explosive hydrogen concentrations of 0.1-2.5 vol. % These sensors can be 

used in hydrogen energy, for monitoring the concentration of hydrogen in the premises of a nuclear 
power plant, for monitoring H2 leaks in the batteries of submarines and train cars, in the chemical 

industry, in rocket fuel, etc. In an earlier work [1], a study was carried out where it was shown that 

sensors based on thin SnO2 films with Pt/Pd catalysts deposited on the surface and an additive in the 
volume of Sb have a high sensitivity to hydrogen. However, the concentration dependence reaches 

saturation at high concentrations of hydrogen (more than 0.5 vol.%). The aim of this work was to 

create sensors of high concentrations of H2 based on thin films of tin dioxide. To detect high hydrogen 

concentrations, sensors based on thin SnO2 films with Pt/Pd catalysts deposited on the surface and Sb 
and Pt bulk additives were developed (Pt/Pd/SnO2:Sb, Pt). 

Experimental results 
The concentration dependences of the response (GH/G0) of four sensors were measured at a 

temperature of 400°C in the range of hydrogen concentrations from 0.1 vol. % up to 2.5 vol. % (Fig.1) 
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Figure 1. Concentration dependences of the response to H2 of four sensors measured at T = 400°C                  

It can be seen that with a slight difference in the characteristics of sensors from different series, their 

main feature is the absence of saturation of the concentration dependence: with increasing gas 

concentration, the response increases up to 2.5 vol. % hydrogen. This means that the introduction of Pt 
additive into the bulk of SnO2 thin films makes it possible to use these sensors to detect pre-explosive 

H2 concentrations. 
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The effect of additional annealing at T = 600°C for 15 min on the characteristics of the sensors, as well 

as on their stability, was investigated. The sensors were annealed in a measuring chamber with the 

specified temperature and duration set. The concentration dependences were measured several days 

after annealing. Then the experiment was repeated 5-7 times (Fig.2) 
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Figure 2. Concentration dependences of the response measured for a freshly prepared sensor (curve 

1), then the measurements were carried out after each annealing (curves 2 - 7). Curves 8-11 obtained 

during the test. 

From the data presented in Fig.2, it can be seen that after additional heat treatments, the resistance of 

all films decreased. This is due to the fact that after annealing of the samples, an increase in the size of 
crystallites and, possibly, the structure of supported catalysts occurs. Apparently, partial annealing of 

adsorption centers takes place. As a result, the SCR width decreases, which leads to a decrease in the 

effect of overlapping conduction channels. 

One of the main reasons for the instability of the parameters of gas sensors based on metal oxide 

semiconductors is the influence of the humidity level of the environment. It was previously shown that 

with increasing humidity levels, the resistance of the sensors decreases. 

Therefore, a study was carried out of the characteristics of the studied sensors of high hydrogen 

concentrations based on thin Pt /Pd/SnO2: Sb, Pt films that underwent additional thermal annealing, 
depending on the humidity level. The concentration dependence of the sensor response at various 

humidity levels from 9 to 72% is shown in Figure 3. For the sample, it can be seen that there is a slight 

variation in the response values for different humidity levels. Apparently, the studied sensors are 
characterized by low sensitivity to humidity. 
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Figure 3. Concentration dependence of the sensor response at various humidity levels RH, %: 1-9, 2-

15, 3-30, 4-50, 5-66 
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Abstract. The heterogeneous structural phase transition in the even n-alkane tetracosan C24H50 

was studied by IR spectroscopy and DSC. It was found that the initial nanonuclei of the 

hexagonal phase are formed in the lamellas cores and their volume was calculated. 

1. Introduction 

The purpose of this work was a fundamental study of temperature phase transitions (PTs) in normal 
alkanes with even chain lengths using tetracosane C24H50 as an example.  

The objects of research are long-chain molecular crystals (LCMCs) of n-alkanes, consisting of 

numerous nanolamels layered on each other (thick~3 nm for tetracosan). Lamellar cores are extended 
trans sequences of methylene CH2 groups, the stacking of which corresponds to the triclinic symmetry 

of the unit sub-cells for tetracosan. The van der Waals interaction of neighboring lamellas is carried 

out by the contact of terminal methyl CH3 groups. 

2. Experiments and results 

IR Fourier spectroscopic analysis reveals subtle shifts in the molecular vibration spectra that occur 

when the symmetry of sub-cells in the crystalline cores of elementary lamellas changes during a first-

order solid-state phase transition (PT-1) [1]. 
In our previous works [2, 3], the development kinetics of structural PT-1 in monodisperse tetracosan 

samples was studied by FTIR spectroscopy. The absorption spectra of monodisperse samples of 

tetracosane C24H50 were recorded on IFS-88 FTIR spectrometer (Bruker, Germany). The temperature 
dependences of the frequencies and intensities of rocking (v ~ 720 cm-1)  and bending (v ~ 1470 cm-1) 

vibrational modes of extended methylene CH2 trans sequences in the lamellas cores were investigated. 

It was shown that in the cores PT-1 develops to a heterogeneous mechanism in a temperature range 

ΔТ = 45.5 – 47.6°C in accordance with the diffuse phase transitions theory. It was found that the 
transition is due to a change in the crystallographic sub-cells symmetry with the transformation of the 

initial into hexagonal. 

To detect changes in the surface lamellas layers, the spectral region υ = 2800 – 3000 cm-1 was studied, 
including stretching vibrations of C–H bonds in terminal methyl CH3 groups (we use the notation: r+ - 

symmetric; ra
-, rb

- - antisymmetric, in-plane and out of-plane components, respectively). In addition, 

stretching vibrations in the CH2 groups are located in the studied spectral region. 
It was found that the C–H stretching vibrations undergo a frequency shift ~ 1 – 2 cm-1 in the PT-1 

region. The temperature study of the methylene CH2 stretching vibrations in the lamellas cores 

confirms the results obtained in previous works. While the rearrangement of the crystal structure 

manifests at higher temperatures (46.2°C) in changes of vibrations in the terminal groups. Temperature 
dependences of the positions of absorption band maximums were constructed for symmetric and 

antisymmetric stretching vibrations of C–H bonds in CH3 groups of tetracosane on Figure 1. 
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Figure 1. Temperature variations of the symmetric (left) and antisymmetric (right) stretching 
vibrational frequency of C–H bonds in CH3. 

It can be concluded that for even n-alkane C24H50 the initial nuclei of a new phase arise in the lamellas 

cores and then gradually spread to the entire volume. We explain this effect by the fact that it is 
energetically beneficial to verticalize of initially tilted molecules in triclinic sub-cells before a 

complete transition to the hexagonal phase. The terminal groups maintain the structure integrity up to 

47°C, when all the molecules become vertical. 
Also, the temperature dependence of heat capacity was obtained for tetracosan samples by differential 

scanning calorimetry (DSC). The scanning speed and the sample mass were varied (V = 0.1, 0.2, 0.5, 

1, 2, 5 K/min, m = 0.25, 2.7 mg) to obtain methodically undistorted phase transition temperatures by 

extrapolation to zero speed [1] and minimize the effect of thermal delay and thermal resistance.  
Figure 2 shows the experimental thermogram of the tetracosan sample, corresponding to the solid-

phase transition. It can be seen that the transition covers the interval ΔТ = 47.0 – 48.2°C, that is 

consistent with IR data on the complete transition to the hexagonal phase. 
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Figure 2. DSC PT-1 curve for tetracosan with m = 0,25 mg, V = 1 K/min. 

The first-order solid-phase transition has a -shaped peak on the DSC curve, for the analysis of 
which the self-consistent field theory is applied. The asymmetric heat capacity peak was divided into 

two symmetric -shape peaks, that the total enthalpy was equal to the enthalpy of the experimentally 
obtained peak (Figure 2). For each of the peaks, the new-phase nuclei volumes were calculated 

according to the diffuse phase transitions theory [4] 329 nm3,  1722 nm3. Such nanonuclei 

volumes capture  600 and 3000 molecules, respectively. Thus, it is seen that the transformation 
region covers a very large domain. 
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Abstract. We present results of XRD investigation of the product of self-propagating 

high-temperature synthesis (SHS) reaction in Ni/Al reactive multilayer foil (RMF) 

produced by vacuum magnetron sputtering. Evolution of XRD spectra for the reacted 

foils on the time scale of hours and days was detected. This effect, previously observed 

only for SHS reaction in powder mixtures, may be significant for RMF-based soldering 

technologies. 

1. Introduction 

One of the applications of the phenomenon of exothermic self-propagating high-temperature synthesis 

(SHS) is associated with bonding materials by soldering. Ni/Al reactive multilayer foils (RMFs) 

represent the controllable thermal power source most commonly used for this purpose [1-3]. Obviously, 

the quality of the produced soldered junction can be affected by the microstructure and the phase 

composition of the SHS reaction products. The reaction is known to be a complex multi-stage 

phenomenon involving solid-state diffusion, grain boundary diffusion, melting of some (or all) of the 

components, dissolution, precipitation, product’s grain coarsening, which hampers its comprehensive 

theoretic description [3]. It is also known that the reaction may be followed by slow recrystallization 

process driven by solid-state diffusion at room temperature accompanied by redistribution of mechanical 

stresses. These slow processes potentially capable of having either positive or negative effects on the 

joining strength were the object of the reported study. 

2. Experimental 

The studies were made with an RMF comprising numerous alternating Ni and Al layers, each ~30 nm 

thick. Full thickness of the foil amounted to 60 m. A sample of such foil was installed in XRD 

spectrometer and the corresponding spectrum was measured. Then, the foil was ignited by electric spark 

and the reaction product structure was analyzed at three more different time moments: immediately after 

the combustion, 24 hours and 168 hours after reaction, to reveal possible long-term evolution of the 

sample’s phase composition. 

The XRD spectra were recorded using SuperNova (Oxford Diffraction) single crystal diffractometer. 

Measurements where performed using Cu X-Ray source with the sample being 5 by 2 mm fragment of 

foil, rotated along the axis parallel to the foil. The powder diffractograms were produced by integrating 

the scattering signal over the sample rotation angle in the range ±30˚, and then - over the polar angle 

within the CCD image. 
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3. Results and discussion 

The XRD spectra of the sample before its combustion and at three moments of time after it are shown 

in Figure 1. 

 

Figure 1. XRD spectra of the Ni/Al RMF before reaction and at three different times after.  

As expected, the intensive Al and Ni peaks seen in the spectrum of as-fabricated foil vanish after the 

reaction, and characteristic NiAl product peaks around 31°, 65° and 82° appear. It can also be clearly 

seen that these peaks appear to be split immediately after the reaction and tend to merge as the time 

passes. We attribute such changes to the manifestation of the recrystallization process. During the 

dissolution–precipitation stage, precipitation is realized from either Al-rich or Ni-rich melt depending 

on the specific nucleus. The equiatomic Ni–Al 1:1 melt cannot exist in the considered conditions as the 

stoichiometric NiAl solid phase is known to be the most refractory of all binary Ni/Al compositions and 

does not melt at temperatures at which the precipitation starts. So, immediately after the reaction the 

product contains slightly non-stoichiometric NiAl crystallites, some of them having excessive Al and 

some having excessive Ni content – which results in the observed XRD peaks’ splitting. With time 

passing, slow room-temperature diffusion leads to gradual recrystallization of the reaction product, 

consumption of the inter-grain amorphous phase and eventual formation of the final stoichiometric 

NiAl. Previously, such processes were reported for SHS reactions in powder mixtures [5], but not for 

Ni/Al RMFs. 
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Abstract. The paper presents the results of theoretical and experimental studies of the 

influence of the geometric parameters of AFM cantilever balks on the resonant frequency of 

their vibrations. It is shown that the use of local ion-beam etching by a focused ion beam 

makes it possible to modify the geometric parameters of probe balks with high accuracy, which 

in turn makes it possible to change the resonant frequency of cantilever oscillations. The 

dependences of the resonant frequency of oscillations on the geometric parameters of the balks 

are analyzed. It has been established that a decrease in the balk length from 110 mkm to 80 

mkm leads to an approximately twofold increase in the resonant frequency of cantilever 

oscillations from 320 kHz to 620 kHz. The obtained graphs of the dependences of the resonant 

frequency on the length of the probe balk are presented. 

1. Introduction 

Micromechanical structures based on cantilever balks are widely used in the creation of dynamic 

sensors, such as displacement sensors or interaction sensors in atomic force microscopy [1]. In this 
case, one of the key parameters of microbalk structures is the value of the resonant frequency of their 

vibrations. In atomic force microscopy, force interaction sensors - cantilevers are made according to 

standard technological processes and have fixed balk sizes, which means certain values of resonant 
frequencies. However, for a number of tasks, it is necessary to adjust the resonant frequency of the 

cantilevers to achieve maximum sensitivity of the sensors. 

Therefore, to improve the quality of research of materials and structures, to increase the accuracy of 

detection of parameters, it is necessary to be able to adjust the resonant frequency of oscillations in a 
given range. The resonant frequency of oscillations of the cantilever balk is influenced by the 

geometric parameters and the material from which the balk is made. To fine-tune the resonant 

frequency of oscillations by changing the geometric shape of the AFM probe balk, we used the 
method of local ion-beam etching by focused ion beam (FIB). 

The FIB method allows in high vacuum conditions to perform technological operations of local ion 

beam etching and ionically stimulated deposition of materials from the gas phase without the need for 

resistors, masks and chemical etchants. A wide range of materials deposited by this method allows the 
use of FIB in the formation of nanoscale structures, in particular, probes for nanodiagnostics. The aim 

of this work is to establish the dependence of the resonant frequency of oscillations of the AFM probe 

balk on its geometric parameters.  

2. Experimental 

At the initial stage of the work, mathematical modeling of the vibration parameters of the silicon probe 

balk was carried out depending on its geometric parameters using the finite element method. In the 
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course of theoretical studies, it was found that with a decrease in the length of the balk, the resonant 

frequency increases almost linearly, and when the values of the length of the balks of 60 mkm are 

reached, the dependence becomes exponential. 
In the course of experimental studies, ion-beam modification of three NSG11 probe sensors with 2 

balks was carried out, with lengths of 123 mkm and 93 mkm, respectively. Our studies have shown 

that the balks have a different thickness from 2.5-3 mkm. The balk length was reduced using the Nova 
NanoLab 600 scanning electron microscope (FEI Company) equipped with a FIB system [2]. In the 

course of the study by ion-beam etching, a part of the balk, on which the tip of the sensor was located, 

was cut off and the resonance frequency was studied using a Solver P47 PRO probe microscope 

(Figure 1). 

   

Figure 1(a, b, c). (a) Cantilever prepared for research (without probe); Resonance frequency for (b) 

123 mkm and (c) 93 mkm cantilevers. 

Further, the balks were shortened sequentially with a step of 10 mkm; after each step, the values of the 

resonant frequency of oscillations were controlled. The dependences of the resonance frequency on 

length for the 93 mkm and 123 mkm balks of three probe sensors were investigated. The data was 

systematized and displayed on figure 1 (b, c). 
Thus, for various cantilever balks, dependencies are obtained that make it possible to predict the value 

of the resonant frequency for a given balk length. Due to the difference in thicknesses of 123 mkm and 

93 mkm balks, the dependences show slightly different values, however, the trends generally coincide 
for all 3 experimental samples. Differences in resonant frequencies for one balk length, for example, 

for a balk length of 100 mkm (graph b), are associated with availability a large number of resonant 

frequencies for longer cantilevers, the value of which are automatically determined by the program. 

3. Conclusions 

Thus, in the work we obtained graphs of experimental dependences of the resonant frequency of 

cantilever oscillations on the balk length, which correspond to the results of mathematical modeling. 

The results can be used in predicting the dynamic parameters of micromechanical systems, in 
particular, when creating gas and biological sensors based on micromechanical structures. The method 

of focused ion beams makes it possible to fine-tune the resonant frequency of oscillation of cantilever 

balks by changing their geometric parameters.  
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Abstract. This paper presents the modeling results of silicon membranes for acoustic sensors 

with resonant frequency from 2 kHz to 60 kHz and pressures from 0.1 to 14 Pa. An analysis of 

the constructive and mechanical parameters of monocrystalline silicon membranes is performed. 

The range of membrane edge length (6–20 mm) at a fixed thickness of 50 μm determined. The 

etching process of a silicon wafer by anisotropic wet etching was studied. A process flow for 

manufacturing silicon membranes is proposed. The results of experimental studies of amplitude-

frequency characteristic of membranes are obtained. 

Introduction 

Micromechanical acoustic sensors have emerged as an alternative to standard ones due to such ad-

vantages as increased bandwidth, flexible geometry, matching of impedances between the transducer 

and the environment [1]. The scope of the acoustic sensor is defined by such parameters as the ampli-

tude-frequency response and the minimum detectable acoustic pressure. In [2], a fiber-optic hydrophone 

was proposed, which sensitive element is a fiber sensor. In the frequency range from 2 kHz to 60 kHz, 

the sensitivity of the adaptive acoustic hydrophone was in the range of 0.1 to 14 Pa. The choice of 

material, shape and size of the membrane allows to adapt the sensors to different applications [3,4]. 

Thus, an issue is to optimize the geometric and mechanical parameters of the membranes in such a way 

that the resulting design satisfies the above ranges pressure and resonant frequency values. The purpose 

of the work is to study the structural and mechanical parameters of silicon membranes for sonar sensors. 

 

Experimental details and results  

In this paper, we study the use of a primary membrane-type acoustic pressure receiver. Based on tech-

nological capabilities, a silicon membrane with a square shape and a thickness of 50 μm was selected. 

When modeling by the finite element method, the length of the edge (a) varied within 6–20 mm. The 

values of the geometric parameters of the membrane are selected taking into account the values of pres-

sure (0.1-14 Pa), resonant frequency (2-60 kHz) and the dynamic range of the interferometer, which 

allows measuring the deflection of the membrane from 2-130 nm. Based on the implemented model in 
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Comsol Multiphysics, the values of the first 6 resonant frequencies (fn) were obtained depending on the 

length of the membrane edge (Fig. 1), which are shown in Table 1. 

 

 
 

Figure 1. Three-dimensional model of the membrane under load 

 

Table 1. The values of the first 6 resonant frequencies of the silicon membrane. 
a, mm  f1, Hz f2, Hz f3, Hz f4, Hz f5, Hz f6, Hz 

6 20478 41573 41755 61546 74826 75185 

10 7376.7 15048 15049 22195 26990 27118 

15 3280 6692.6 6692.7 9875 12005 12063 

20 1845.8 3768.6 3768.9 5562.8 6761.5 6795.1 

 

Based on the obtained results, mock-ups of silicon membranes of square shape with a thickness of 50 μm 

with edge lengths from 6 to 20 mm were made. The etching parameters of a Si wafer were studied by 

anisotropic wet etching. The amplitude-frequency characteristic of membranes were experimentally ob-

tained. The results can be used to optimize the designs and fabrication processes of acoustic sensors 

based on silicon membranes. 
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Abstract. The paper describes Gd2O3:Nd

3+
 nanophosphors synthesis by the liquid polymer-salt 

method. The properties of powder samples fabricated in different temperature conditions were 

studied by luminescence spectroscopy and X-ray diffraction (XRD). It was found that prepared 

nanophosphors demonstrate high photoluminescence in the near IR spectral range. 

1. Introduction 

Gadolinium oxide (Gd2O3) is a well-known inorganic compound which is widely used for nano-sized 

phosphors fabrication [1]. Gd2O3 doped with rare earth ions is considered as a promising material for 

optical thermometry applications [2]. The effectiveness of Nd
3+

-containing oxide nanoparticles for 

photoluminescence nanothermometry was demonstrated [3]. These nanoparticles exhibit luminescence 

bands in the near IR spectral range and have an ability to operate in the optical windows of biological 

tissues. The combination of high magnetic properties of Gd2O3 and luminescent properties of Nd
3+

 

ions can enable obtaining a photoluminescence nanothermometer controlled by the magnetic field. 

This paper discusses synthesis of Gd2O3:Nd
3+

 nanophosphors by the technologically flexible liquid 

polymer-salt method [4] as well as structural and luminescent properties of the powder samples 

fabricated in different temperature conditions. 

2. Materials and Methods 

Aqueous solutions of Gd(NO3)3 and NdCl3 were used as the precursors for Gd2O3:Nd
3+

 nanophosphors 

synthesis. These solutions along with a solution of high-molecular polyvinylpyrrolidone were mixed at 

the room temperature while being vigorously stirred. After drying the powders for 24 hours, they were 

thermally treated in the electrical furnace at the temperatures of 550, 900 and 1000 °C for 2 hours. The 

content of Nd
3+

 ions in the fabricated powder samples varied from 0.1 to 2.0 at.%. 

Structural properties of the synthesized materials were determined by a high-resolution diffractometer 

Rigaku Ultima IV. Luminescent properties were measured by the technique described earlier [5]. 

3. Results and Discussions 

The XRD patterns of the powder samples, presented in Figure 1, show that the main part of Gd2O3 

nanocrystals has a cubic structure. However, crystals calcined at the temperatures of 550 and 900 °C 

are characterized by a few small peaks at θ = 27÷33° assigned to a monoclinic structure. At the same 

time, the powder thermally treated at the temperature of 1000 °C exhibits peaks characteristic only to 

cubic Gd2O3 crystals. Calculations based on the peaks positions in the XRD patterns point the absence 

of crystal lattice strains. 
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a) b) c) 

Figure 1. XRD patterns of the powder samples thermally treated at the temperatures of 550 °C (a), 

900 °C (b) and 1000 °C (c) for 2 hours. 

The presence of monoclinic crystals in the powder samples calcined at the temperatures of 550 and 

900 °C can be related to high heat generation during the combustion of initial mixtures and strong 

local heating at the first stages of Gd2O3 nanocrystals formation. 

 
Figure 2. Photoluminescence spectra of the powder samples thermally treated at the temperatures of 

550 °C (curve 1) and 1000 °C (curve 2) for 2 hours (neodymium content is 0.4 at.%). 

As can be seen from Figure 2, there are three photoluminescence bands with peaks at the wavelengths 

of 900, 1064 and 1340 nm which correspond to electron transitions 
4
F3/2-

4
I9/2, 

4
F3/2-

4
I11/2 and 

4
F3/2-

4
I13/2 

respectively. The main emission peak is located at the wavelength of 1064 nm. 

4. Conclusions 

The aspects of Gd2O3:Nd
3+

 nanophosphors synthesis by the liquid polymer-salt method have been 

studied. It has been found that polyvinylpyrrolidone, on the one hand, stabilizes the process of 

nanocrystals formation prohibiting their growth and aggregation and, on the other hand, plays the role 

of a fuel during its combustion increasing the temperature of reaction mixture and affecting the crystal 

structure and luminescent properties of Gd2O3:Nd
3+

 nanophosphors. 
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Abstract. Carbon nanostructures in the form of tubes are formed in a heterophase mode of 
combustion of a metal with fluoroplastic. These tubes are filled with condensed particles of 
combustion products and change the optical properties of the flame. 

The flame of the pyrotechnic composition, which contains metallic fuel, is characterized by high 
temperature. A high temperature zone is located at the base of the flame. As rule, the metal in this 
zone burns in vapor mode. However, the metal burns in flame in heterophase mode too. The metal 
reaction rate in the heterophase mode is much lower than in the vapor-phase mode and depends on the 
surface contact of the fuel and the oxidizing agent. 
The flame of a model pyrotechnic composition based on aluminum-magnesium alloy and fluoroplastic 
F-3 was studied. The photopyrometric measurement methods developed by the author make it possible 
to measure the flame temperature. The maximum temperature is at the base of the flame. It is 2440 K. 
The flame temperature decreases to 1715 K at a height of 300 mm above the combustion surface. At 
this temperature, possible condensed combustion products (fluorides, chlorides and carbides of 
magnesium and aluminum) are either in a liquid state or a sublimation process is under way. Fluorides 
and aluminum chlorides (AlF3 and AlCl3) are sublimated. Magnesium and aluminum fluorides (MgF2 
and AlF) and magnesium chloride (MgCl2) can be in the molten state. Carbon in a flame can be 
represented in a various state: a) particles of fine soot, b) soot in the composition of complex dispersed 
particles. 

а) 

 

b) 

 

Figure 1 (a, b). Micrograph of the sample area. Magnification (a) 1500x, (b) 6000x 
 
The dispersed particles of the combustion products were sampled onto glass plates by passing the 
sampler through the flame. Samples were studied by microscopy. Two types of particles can be 
distinguished among the condensed combustion products. One of the types of particles is coral-shaped 
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formations, consisting of a set of particles with a size of 0.2 ÷ 0.4 microns. They accumulate directly 
at the reacting particle (Fig. 1a, b). Metal fluorides and chlorides are part of the chemical composition 
of a particle. Another type of particle is a filamentous structure that originates from the surface of the 
reacting particle. A detailed study of these particles on a scanning electron microscope showed that the 
filaments are a complex structure (Fig. 2a, b). The outer part of the particle consists of a carbon net in 
the form of a tube. The dimensions of the tube are several tens of microns across and coincide with the 
external dimensions of the reacting particle. The presented electronic images differ in magnification 
factor. 
The tube is a net of carbon nanotubes. The transportation of metal products of combustion with 
fluoroplastic takes place inside a hollow tube in the form of a two-phase flow. The gas component of 
the flow freely passes through the carbon net of the tube. Dispersed particles of submicron size cannot 
penetrate through the net and linger on the inner surface of the tube. The size distribution function of 
the deposited particles is such that most particles have a diameter of ~ 0.15 μm. 

а) 

 

b) 

 
Figure 2 (a, b). Micrograph of the sample area. Magnification (a) 150x, (b) 2500x 

 
The X-ray spectral method, implemented on a scanning electron microscope, allows element-by-
element identification of the composition of these particles. Indeed, the elemental composition of the 
particles and the maps of the arrangement of elements within the tube make it possible to isolate 
magnesium, aluminum, fluorine, and carbon in them (Fig. 3). 

    
Figure 3. Distribution map of chemical elements. The length of the frame 100 microns. 

 
The formation of nanocarbon particles in a high-temperature flame of a different component 
composition was studied in [1, 2]. 
Carbon formations in the form of a tube measuring several tens of microns across and up to several 
millimeters in length were first discovered in combustion products. The length of the carbon tube is 
determined by the hydrodynamic resistance during the movement of a two-phase flow. Larger 
particles of combustion products deform the carbon net of the tube. In this case, the transverse 
dimensions of the tube increase. The formation of parallel tubes or their branching is possible with 
increasing hydrodynamic resistance. It is confirmed by the above images. 
The reactive combustion products are energy carriers, and the outer surface of tubes with embedded 
dispersed particles is a radiator of electromagnetic energy in the near infrared range of the spectrum. 
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Abstract. The influence of thermal poling and ion exchange on the rate of reactive ion etching 

of a soda-lime silicate glass in CF4-Ar plasma was studied. It is shown that the replacement of 

Na+ by Ag+ ions increases the durability of the glass etching while thermal poling of the glass 

increases the etching rate. The fastest etching was registered for the glasses poled using 

deposited metal film anodic electrode and using corona discharge in N2 atmosphere. Corona 

poling of the glass in atmospheric air instead of nitrogen essentially decreased the rate. 

1. Introduction 

Reactive ion etching (RIE) of glasses is a technique allowing precise fabrication of profiled structures 

for microfluidics, diffractive optical and integrated optical structures. The formation of the latter is 

often based on using ion exchange processing of the glasses in the melts of salts containing ions with 

higher polarizability than ones presenting in the composition of these glasses. Silver-to-sodium ion 

exchange is conventionally used. It has recently been demonstrated that the modification of silicate 

glasses with thermal poling allows using of poled glass regions to mask RIE [1]. The conditions of the 

thermal poling, e.g. poling in open or closed anode configuration, essentially influence that 

modification [2]. In this paper, we compare results of the RIE of virgin, silver ion-exchanged and 

differently poled soda-lime glass. 

2. Experiments and results 

In the experiments, we used soda-lime glass slides which composition is presented in Table 1. 

 

Table 1. Composition of Menzel glass in molar % of oxides. 

SiO2 Al2O3 Na2O K2O MgO CaO others 

72.2 1.2 14.3 1.2 4.3 6.4 0.33 

 

The samples were ion-exchanged in the melt of Ag0.05Na0.95NO3 for 20 minutes at the temperature of 

325 oC (sample #2). In thermal poling experiments, we poled the virgin glass slides using 60 nm thick 

gold film deposited on the slide with 5 nm chromium sublayer (closed anode configuration), poling 

voltage V and temperature T being 500 V and 300 oC, respectively - sample #3; pressed carbon 

electrode (V=300, T=300 oC) - sample #4; pressed silicon  electrode (V=500, T=300 oC) - sample #5; 

corona poling in air (V= 4kV, T=20 oC, duration of 50 minutes) - sample #6; corona poling in dry 
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nitrogen (V= 4 kV, T=300 oC, duration of 2 h) - sample #7. These ion-exchanged and poled glass 

samples were subjected to RIE with the use of 10Ar - 20CF4 gas composition. The RIE rate of pure 

soda-lime glass was also measured – sample #1. The RIE of the samples was performed in PLASSYS 

MU400 station, RIE pressure was 6.0 mTorr. The plasma was generated with a radio frequency 

powered magnetic field combined by two methods: using inductively coupled plasma (ICP 400W) and 

capacitively coupled plasma (CCP 150W). 

To define the rate of the RIE for differently prepared samples parts of the samples were covered with 

masks presenting thin glass slips with the same composition as the glass samples used. The etching 

process was interrupted several times to measure the step between the etched and protected parts of the 

samples with a tip profilometer. The results of the measurements are shown in Figure 1. 
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Figure 1(a)(b). Time dependences of the etching depth of the ion exchanged and differently poled glasses 

 

Obtained data allowed us calculating the rates of RIE of the samples, which are presented in Table 2. 

    Table 2. RIE rates of differently processed samples. 

Sample # 1 2 3 4 5 6 7 

RIE rate, nm/min  50 40 120 55 60 70 130 

3. Discussion 

These rates show that the replacement of smaller Na+ with bigger Ag+ ions slows the RIE. That 

influence of the ion size looks similar to the effect of mechanical stresses, induced by replacing ions 

on chemical etching of glasses [3]. In air corona poling, we, contrary, introduce smaller H+ ions into 

the glass instead of Na+. Opposite sign of arising stresses in this case fastens the RIE of this sample. 

Also, on can notice the effect of corona poling atmosphere - replacement of air by nitrogen fastens the 

etching, and also the similarity in the effect of the both types of the pressed anodic electrodes. 
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Abstract. Development of methods for groups of components joining, including heat-sensitive 

devices, using local heat sources is one of the promising universal approaches to solving the 

problem of the reliable joint of various surfaces formation. The results of studying the features 

of the formation and properties of Al-CuOx multilayer energetic materials formed by magnetron 

sputtering are presented in this work. The results obtained allowed \to determine the optimal 

composition and geometric parameters of multilayer structures from the point of view of the 

maximum thermal effect, wave combustion front propagation velocity and the size effect.  

1. Introduction 

Currently, progress in micro- and nanoelectronics is associated not only with a decrease in the 

topological dimensions of logic elements, but also with an increase in the level of integration. The 

development of technologies and methods for 3D-assemblies, systems on a chip (system-on-crystal), 

micro- and nanoelectromechanical systems formation will allow the transition to advanced technologies 

and systems. Development of joining methods for groups of heat-sensitive components using local heat 

sources is one of the promising universal approaches for this problem solving and formation of a reliable 

joint of various surfaces. Due to the growing role of low-temperature bonding processes for three-

dimensional integration and packaging of microelectronic and microelectromechanical components, 

traditional bonding processes, such as direct thermocompression, anodic and eutectic bonding  or 

splicing using an intermediate layer of glass become ineffective. And that is why a new approach using 

multilayer energetic materials acting as a local heat source is the most promising [1-4]. In this paper, we 

consider the features of the formation process, present the results of a study of the thermal properties 

and size effect in Al-CuOx multilayer energetic materials formed by magnetron sputtering. 

2. Experimental details 

Al-CuOx multilayer energetic materials were formed by the method of alternating magnetron sputtering 

of aluminum and copper oxide targets. The thermal properties of the formed materials were studied by 

differential scanning calorimetry and thermogravimetric analysis using TA Instruments SDR Q600. The 

thicknesses of individual layers and the total thickness of the multilayer structure, as well as the 

composition, were determined using a JEOL JSM-6010 scanning electron microscope with an 

attachment of energy dispersive X-ray spectroscopy. The propagation characteristic and velocity of the 

wave combustion front were determined using high-speed video recording. 
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3. Results 

This paper presents the results of the features of a CuOx target magnetron sputtering study. The material 

was sputtered in a mixture of argon and oxygen gases with different partial pressures of the components. 

The dependences of the ratio of Cu to oxygen in the formed films of copper oxide and their deposition 

rate on the partial pressure of oxygen in the process were obtained. It was found that with an increase in 

the oxygen content in the gas mixture, its content in the deposited films also increased, but a linear 

decrease in the sputtering rate of the material was observed. The results obtained made it possible to 

determine the optimal technological conditions for the formation of CuOx layers. 

To study the thermal and size effects, a set of experimental samples of Al-CuOx multilayer structures 

with different ratios of component layer thicknesses (to determine the effect of the composition of the 

material on its thermal characteristics) with different values of the total thickness and thickness of the 

bilayer (the total thickness of one layer of aluminum and copper oxide) was formed. The study results 

of the formed materials by DSC and TGA methods allowed to determine the optimal composition of the 

energetic material from the point of view of the overall thermal effect. Using high-speed video 

recording, the size effect on the propagation velocity of the wave combustion front in the formed 

multilayer energetic materials was characterized. Figure 1 shows the storyboard of the combustion 

process of an experimental sample of a multilayer Al-CuOx structure formed on the surface of a silicon 

substrate. 

 

Figure 1. Storyboard of wave front propagation after initiation in multilayer energetic material Al-

CuOx. 
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Abstract. In the present work we fabricated colloidal Ag nanoparticles (NPs). NPs were 
synthesized by the chemical reduction method of Ag2SO4 using NaBH4 in presence different 
surfactants. Morphological properties of synthesized colloidal Ag-NPs were studied by 
ultraviolet-visible (UV-vis) spectroscopy and dynamic light scattering (DLS). Average NP size 
varied in the range from 3 to 16 nm. Redispersibility of dried NPs with various stabilizers was 
also investigated.  

1. Introduction 
Metal nanoparticles (NPs) demonstrate unique physicochemical properties arising from nanoscale 
dimension and high surface to volume ratio [1]. This opens path for a wide range of promising NPs 
applications in the diverse fields of photonics, nanoelectronics, sensing, imaging, information storage 
and medicine [1, 2]. In particular, contact conductive layers formation in microelectronic devices by 
using sintered NPs is of great interest due to high conductivity and thermal stability [3]. Low NP 
melting temperature Tm is crucial in this case. It was shown that due to increased surface-to-volume 
ratio, the lower the NP size, the lower is Tm [4, 5].  
The exciting application potential of NPs has resulted in a plenty of experimental recipes for their 
synthesis either in water or in nonpolar organic solvents. The common methods are laser ablation, 
electron irradiation, biological synthetic and chemical reduction by NaBH4, polyol, tannic acid etc. 
Among them, chemical methods are the most expedient and cost-effective [6]. In most cases, Ag NPs 
were stabilized by surfactants, polymeric stabilizers, or amphiphilic block copolymers [7]. Despite 
such a huge variety of synthesis techniques, most of them are experienced problems with stability and 
aggregation of NPs, control of morphology, size and size distribution.  
In this work, we study the influence of surfactants on the morphological properties of the Ag NPs and 
the impact of polymeric stabilizers on NP redispersibility. 
 
2. Experimental Details 
As a silver precursor we used Ag2SO4. NaBH4 was used as a reducing agent for the reduction of silver 
ions to Ag atoms. As surfactants of Ag NPs were used sodium dodecyl sulfate (SDS) and sodium 
bis(2-ethylhexyl)-sulfosuccinate (AOT), and as stabilizers were used cycloxecane, glycerol and fish 
oil. In each case Ag NPs were synthesized by slow addition solution of NaBH4 to Ag2SO4 solution in 
presence of different surfactants. All reactions were carried out at room temperature and maintained 
for 24 hours.  
The optical absorption spectra of the NPs colloid in the UV and visible ranges were recorded using a 
UNICO SpectroQuest UV-2800 spectrophotometer (quartz cuvette; optical path length – 10 mm). The 
particle size distribution of Ag NPs was obtained at a Zetasizer Nano ZS (Malvern Instruments, UK) 
by DLS technique. 
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3. Results and discussion 
Colloids diluted with distilled water until concentration 5 mg per liter were characterized via UV-vis 
spectroscopy and DLS (see figure 1). NPs average size in the colloid with AOT surfactant (1 in Fig.1) 
turned out to be 15 nm, particle aggregation also was obtained. In the next colloid surfactant SDS was 
added to the solution of NaBH4. In this case (2 in Fig.1) average size of Ag NPs was found to be 5 nm. 
In another colloid SDS was added to the solution of Ag2SO4, which led to reduction average particle 
size (3 in Fig.1) to 3 nm.  
After that four colloids were synthesized by the third recipe with various stabilizers. Ag NPs were 
dried and their redispersibility was studied. 

Figure 1(a, b). (a) The UV-vis absorption spectra of the Ag NPs colloids synthesized in presence of 
the different surfactants. Dot line: AOT was added to the solution of Ag2SO4; dash line: SDS was 
added to the solution of NaBH4; solid line: SDS was added to the solution of Ag2SO4. (b) Size 
distribution of nanoparticles obtained using DLS; the numbers correspond to specified earlier 
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Abstract. The use of hydrogen structures as a universal energy carrier led to its application in 

various fields of industry. Currently used production methodologies make it possible to produce 

systems with high reliability and a long service life. However, at the moment, the creation of such 

structures is limited by the lack of natural origin materials necessary for the production of such 

structures, which leads to the search for alternative and most universal manufacturing methods 

against the background of increasing needs. 
 

 

1. Introduction 

 

Particular interest in the  hydrogen energy development is based on the wide possibilities of energy 

storage, highly efficient production of chemical compounds based on pure hydrogen, the ecological 

situation improvement , as well as limited reserves of organic resources [1]. Under such conditions, 

multifunctional electrolytic cells of a hydrogen generator are capable of fulfilling the assigned tasks in 

electric energy storage systems, microelectronics and recovery [2]. In this paper, we consider a phased 

technology for the manufacture of such assemblies using completely different from the traditional 

methods of structure growth, as well as an analysis of the created structures that are not inferior in their 

characteristics to existing analogues. 

 

2. Modeling 

 

One of the most important aspects of platinum deposition technology on an ion-exchange polymer 

membrane using the thermal vacuum method is surface preparation, which cleans the membrane surface 

from various organic and inorganic contaminants, as well as surface modification to increase the adhesive 

and adsorption activity of the surface relative to the coating [3], [4]. 

To minimize the thermal effects of the evaporation process, a special volume holder of ion-exchange 

membranes was developed and manufactured with the aim of more heat removal from the substrates. 

Additionally, to avoid overheating, the deposition was carried out on a rotating tooling in order to remove 

the membrane from the zone of constant deposition. As a heating element, a tungsten evaporator, 

consisting of several wires stacked in a row with copper tips was used. 

As a weighed sample, approximately 500 mg of 99.9% pure platinum, which was placed on an evaporator 

preliminarily annealed by a spraying method without a sample, was used. The equipment rotation began 

when the pressure in the chamber reached the values (3-5) 10
-6

 mm Hg and a gradual increase in current 

to values of 430-450 A. The shutter was opened after the sample was melted. To prevent platinum 

spraying, the evaporator current was reduced by 10-15 A. The deposition duration was about 5-7 minutes. 

Because of the remnants of platinum material on the evaporator, leading to current shunting, the second 

side was sprayed in the same way, except for a peak current value of 500 A. The duration of spraying on 

the second side was 8-10 minutes. 
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After spraying, ion-exchange membranes were given for visual inspection, control of surface resistance 

and electrical insulation. The surface resistance of the active catalyst layer (ACL) on the membrane 

ranged from 20 to 50 MOmh. Insulation resistance showed more than 100 GOmh. 

Figure 1 shows the Images of the two sides of the ion-exchange membranes with ACL performed on an 

optical microscope at fifty times increase. In the obtained structures, the “cellular” structure of the ion-

exchange membrane with platinum islands without the presence of thermal damage is clearly traced. 

              

Figure 1(a, b). (a) image of the front side of the membrane; (b) image of the back side of the membrane. 

 

An increase in the ion-exchange membrane with a nanostructured ACL layer obtained by thermal 

evaporation in vacuum, using SEM indicates a clearly traceable porous ("island") structure of the catalytic 

coating, which is the activation centers for subsequent electrochemical deposition at the three-phase 

boundary. 

The total accumulated spectrum using X-ray energy dispersive SEM analysis is shown in Figure 2. 

 

Figure 2. X-ray energy dispersive analysis of the ion-exchange membrane with ACL obtained by thermal 

evaporation in vacuum. 

 

3. Conclusion         

                                                                                                                                                                                    

According to the obtained total spectrum of X-ray energy dispersive analysis, shown in Figure 2, 

pronounced peaks of platinum of the active catalyst layer, as well as fluorine ion exchange membrane 

with a minimum amount of impurities are visible. Therefore, we can conclude that the catalytic 

nanostructured coating did not completely cover the membrane structure and fully preserved the 

characteristics and functions performed by it. In this case, the simulation results confirm the technical 

feasibility of manufacturing prototypes of such structures. 
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Abstract. Today, the industrial production of hydrogen by traditional methods (high-temperature 

conversion of hydrocarbons, steam-water conversion of natural gas) against the background of a 

reduction in natural resources does not allow achieving the necessary purity of the produced gas 

and imposes serious economic and environmental restrictions. As a result, the solution of the task 

of developing technologies providing the improvement, high specific and operational 

characteristics of new methods for producing hydrogen is extremely urgent. 

 
 

1. Introduction 

 

Progress in various fields of energy, chemical, electronic, medical, pharmaceutical and other areas of 

industry has led to the widespread use of hydrogen in systems where it serves as an energy carrier [1]. 

Particular interest in the development of hydrogen energy is based on the wide possibilities of energy 

storage, highly efficient production of chemical compounds based on pure hydrogen, the ecological 

situation improvement , as well as limited reserves of organic resources [2]. This paper presents an 

analysis of existing technologies for obtaining such structures and identifies their operational 

shortcomings, as well as provides a cost-effective and technologically optimal method for their 

production. 

 

2. Modeling 

 

The main functional characteristics of the membranes according to the stated requirements require 

comprehensive modernization not only in their production process, but also during testing directly in flow 

reactors. However, despite all the numerous requirements for membranes, the intensity of degradation 

processes in them is often determined by the quality of the active catalyst layers (ACL) coating [3]. 

1. One of the first methods for the ACL formation was the use of a phosphoric acid electrolyte with an 

impregnation procedure that expanded the region of the three-phase boundary of already sintered active 

electrode layers, which did not fully ensure the structure uniformity and did not allow efficient use of the 

platinum introduced into the active layers. 

2. The use of Nafion film as a binder of thin-film technology, as well as an upgraded method using a 

colloidal design, increased the platinum use efficiency. However, the “clogging" of the membrane pores 

due to the large thickness of the deposited layer, the heterogeneity of the coating, which does not allow 

activation of the entire membrane area, the complexity of the process preparation and the purity of the 

reagents involved in the process, did not allow the full use of this technology. 

3. The ACL production is possible by vacuum deposition, as well as the deposition of organometallic 

precursors from solutions in supercritical media, followed by the precursor conversion to metal 

(MOCVD) and the direct current magnetron sputtering method of ultrapure platinum targets in an inert 

argon working gas. Such application methods provide a high degree of homogeneity, as a result, platinum 

loading is significantly reduces without loss of productivity, improving the adhesion of the active catalyst 

layer to the polymer electrolyte and the purity of the process [1, 4]. 
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4. One of the most promising methods for ACL producing is electrochemical (galvanic) metal deposition. 

In subsequent work of OIE the catalyst efficiency also remains high, which reduces the loading of 

platinum; however, the structures fabricated by this method had an unsatisfactory  adhesion degree to the 

surface, which is a critical factor when applied to movable flexible substrates [5]. 

The palladium-based ACL structures did not meet the required characteristics, the “cell” structure of the 

ion-exchange membrane was absent and completely “overgrown” and when they were built into the 

electrolytic hydrogen cell were inoperative. The accumulated spectrum shown in Fig. 1, obtained by  

X-ray energy dispersive SEM analysis, also did not show the presence of ion-exchange membrane 

materials, in which only palladium and technological materials are observed. 

 

Figure 1. X-ray energy dispersive analysis of an ion-exchange membrane with ACL based on palladium. 

 

5. Works on obtaining a high-quality structure using a nanostructured coating only due to thermal vacuum 

evaporation also did not lead to positive results. To the changed properties on the membrane due to 

thermal damage, clogging of the pores by the catalyst material was detected, which led to an ionic 

conductivity violation through the membrane. Sprayed by this technology with pronounced thermal 

damage, the ion-exchange polymer membrane is shown in Figure 2. 

 

Figure 2. Image of an ion-exchange polymer membrane with ACL. 

 

3. Conclusion    

      

As a result of the analysis, the most technologically advanced and economically feasible method for 

producing an active catalytic coating of an ion-exchange polymer membrane embedded in a hydrogen 

electrolytic cell in hydrogenation flow reactors, consisting in a combined method of thermal evaporation 

in vacuum, creating a nanostructured activation surface with high adhesion for subsequent 

electrochemical deposition is presented. 
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Abstract. Being in the regime of a strong electron-phonon coupling at cryogenic temperatures, 
thin NbN films are good candidates for study phonon contribution to thermal transport at low 
temperatures. In the regime of strong electron-phonon coupling and a negligible leakage of 
phonons to substrate, one can assume that the phononic and electronic baths are in local 
equilibrium. In such case, the phononic contribution to the heat conduction can be non-
negligible or even dominate. Here, we report on the fabrication of NbN/Si3N4/SiO2 membranes 
for investigation of the phonon contribution to thermal transport at low temperatures. 

1. Introduction 
Thermal transport in nanoscale structures plays a key role in various electronic devices operating at 
cryogenic temperatures [1]. In case of superconducting quantum sensors, based on ultrathin metals 
films, the thermal properties are related with the film parameters, which govern the processes of 
energy conversion and the nonequilibrium kinetics of charge carriers. These parameters determine the 
efficiency and response speed in the detectors [2-6].   
The interesting and important objects for studying thermal transport at low temperatures are ultrathin 
superconducting films characterized by the strong electron-phonon coupling, such as NbN films [7]. In 
this limit, considering also a negligible leakage of phonons to substrate, one can actually assume that 
the phononic and electronic baths are in local equilibrium. In such case, the phononic contribution to 
the heat conduction can be non-negligible or even dominate. Here, we report on the fabrication of 
NbN/Si3N4/SiO2 membrane structures to study the role of the phononic heat conductance in thermal 
transport.  
 
2. Fabrication methods  
To fabricate suspended samples, a 5-nm thick NbN film was deposited onto a GaAs substrate with 
thermally grown layers of silicon dioxide (SiO2 with a thickness of 500 nm) and silicon nitride (Si3N4 
with a thickness of 200 nm). The total thickness of the membrane is 700 nm.  
The fabrication procedure includes the following steps: (1) the deposition of NbN film, (2) the 
formation of the golden pads, (3) the fabrication of the etching mask, and (4) the suspension of NbN/ 
Si3N4/SiO2 membrane. Below, we describe these steps in more details. 
The NbN film was deposited by DC magnetron sputtering on a multilayer substrate (Si3N4/SiO2/GaAs) 
at temperature 250 C in the mixture of Ar and N2 gases. The preliminary pressure background in the 
chamber was 1.2·10-7 Torr, the deposition rate is about 0.7 A/s. The thickness of the deposited NbN 
film was about 5.6 nm, and the square resistance (Rs) was in the range of 576-580 Ohm/sq. The Ti-Au 
metal pads were fabricated with the lift-off process using laser lithography and thermal evaporation. 
The thicknesses of Ti and Au metal layers were 5 nm and 200 nm, correspondingly. The next step, the 
fabrication of the etching mask, was also performed with the laser lithography using two layers of 
Az1512 as the mask. The last step was the formation of suspended bridges with etching of NbN and 
partially Si3N4 in plasma chemistry, then the etching of Si3N4 and SiO2 layers in a solution of 
hydrofluoric acid and the final etching of GaAs in the solution of hydrogen peroxide, ammonia, and 
water. The patterned samples are presented in Figure 1.  
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As the next step in this study, we are going to investigate the thermal transport in these structures 
using the noise thermometry [8]. To verify our assumption of an efficient of phonon heat conductance 
to the contacts, we are planning to examine samples of different lengths. 

3. Figures 

 

Figure 1. A false-color image of suspended NbN bridges on SiO2/Si3N4 membrane obtained with a 
scanning electron microscope. The 5-nm thick NbN bridge is shown with green color, the golden 
pads are shown with yellow. Left and right figures demonstrate the samples of different length.  
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Abstract. The paper considers the issues of hardening the surface of phosphate glasses for 

optoelectronic devices. The effect of electron-beam processing on the physical-mechanical 

properties of the glass surface is investigated. It was found that the processing of phosphate 

glass “SZS23” increases the surface microhardness by 24% owing to removing the damaged 

layer and changing the elemental composition of the glass surface. 

1. Introduction 

In this paper, colored optical glass “SZS23” is considered, one of its promising application is the 

optical system for spectral filtering of orientation objects radiation in static devices [1]. It is known 

that the optical sensitivity of the device is directly related to the state of the surface of zinc-phosphate 

glass, since the glass material is considered soft [1,2]. Electron beam modification of the surface of 

optical glass can increase the hardness of the glass surface, so in general, the device acquires 

resistance to aggressive atmosphere. 

2. Experimental details 

Mechanically ground and polished glass of the metaphosphate group – “SZS23” type were cut into 

samples of 11×6×3 mm. Before processing, the samples were degreased in a soap solution and 

distilled water for 15-20 minutes, than were dried by centrifugation. 

Electron beam processing was carried out in the high vacuum system described in [3]. Electron gun 

was used to form a low-energy electron beam with a current density of 50-100 mA/cm2. Processed 

samples were slowly cooled (less than 1°C/min) and kept in vacuum (10-3 Pa) until room temperature. 

Physical-mechanical properties (hardness, elasticity, recovery coefficient and ultimate load) of 

initial and processed glass surfaces were studied by nanoindentation using a nanosclerometric probe 

module with a trihedral Berkovich diamond indenter. 

3. Results 

The surface hardness of the processed glass samples are presented in table 1. 

 

Table 1. Hardness (H) and elasticity (E) values of the electron beam processed surface of 

zinc-phosphate (“SZS-23”) glass samples. 

# 1 2 3 4 5 6 7 8 9 10 

H, GPa 7.4 7.4 7.2 7.3 7.4 7.0 7.1 7.1 7.6 7.1 

E, GPa 80.5 96 98 92.3 96.8 83.1 82.9 88.0 99.9 111.3 
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It is known from the authors' works [4,5] that double aluminophosphate glass, which is close in 

composition to aluminum metaphosphate, has the highest values of elastic modulus and hardness of 

5.7 GPa, and zinc-aluminophosphate glass has the maximum value of structural strength. This 

assumption is explained by the fact that, in zinc-aluminophosphate glass, along with chain structures, 

three-dimensional sewn structures can also exist due to the incorporation of zinc ions into the anion 

network in tetrahedral coordination. 

It was experimentally found that owing to electron beam processing, the microhardness of the glass 

surface increases by 24%. Based on the obtained results, it can be assumed that aluminum 

metaphosphate or three-dimensional sewn structures appear on the surface, e.g. zinc-potassium 

polyphosphate KZn4(PO4)3, which will contribute to the strengthening of the surface layer [1,5]. 

4. Conclusion 

Electron beam processing is accompanied by a modification of the surface of the optical details in the 

form of removing the damaged layer and changing the phase composition of the surface layer. 

Structural transformations in the surface layer contributed to a change in its mechanical properties. In 

addition to changing the surface morphology in the modified layer, an increase in its tribomechanical 

characteristics was observed. 
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Abstract. The results of experimental studies of the piezoelectric response of aligned carbon 
nanotubes (CNT) with different geometric parameters are presented. It is shown that the 
magnitude of the piezoelectric response increases with decreasing diameter and length of the 
CNT. It is established that CNT memristive properties improve with an increase of piezoelectric 
response. The results can be used in the development and creation of energy-efficient storage 
devices and nanogenerators. 

1. Introduction 
The anomaly manifestation of the piezoelectric properties of multi-wall carbon nanotubes (CNT) opens 
up wide prospects for creating energy-efficient memory devices and nanogenerators based on them [1-
5]. However, the laws of manifestation of the piezoelectric properties of CNT have not yet been 
established, which requires further research in this direction. The aim of this work is to study the 
influence of the piezoelectric response of carbon nanotubes on their memristive properties. 

2. Experimental studies 
The experimental samples were arrays of aligned carbon nanotubes grown by plasma-chemical vapor 
deposition using NANOFAB NTC-9 (NT-MDT, Russia). The parameters of the nanotubes were 
determined using a Nova Nanolab 600 scanning electron microscope (SEM). The average heights of 
CNTs ranged from 8.6 to 24.1 μm. The average diameters of CNT ranged from 44 to 63 nm. The SEM 
images are shown in Figure 1. 

   
Figure 1. SEM images of experimental samples of CNT arrays. 
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The experimental studies of the piezoelectric and memristive properties were carried out by atomic force 
microscopy (AFM) using Ntegra probe nanolaboratory (NT-MDT, Russia). The magnitude of the 
piezoelectric response of CNT was determined based on a previously developed technique using the 
AFM force spectroscopy method [2]. The memristive properties of CNT were evaluated by the ratio of 
the resistance of CNT in high- and low-resistance states (RHR/RLR) obtained from current-voltage 
characteristics (CVC). A HA_NC/Pt cantilever with a force constant of 12 N/m was used as an AFM 
probe. The obtained dependences of the resistance ratio RHR/RLR on the value of the piezoelectric 
response of carbon nanotubes are presented in Figure 2. 

 
Figure 2. Dependence of the high- and low-resistance states ratio of CNT on the piezoelectric response 
value. 

4. Results 
Analysis of the results showed that all experimental samples showed a piezoelectric response of 16 to 
22 nA with an applied external force of 3.6 μN. In this case, the piezoelectric response of CNT decreased 
with increasing height and diameter of nanotubes. Studies of the memristive properties of experimental 
samples showed that the resistance ratio RHR/RLR increased from 3 to 18 with an increase in the 
piezoelectric response of CNT from 16 to 22 nA, respectively. This dependence is associated with an 
increase the CNT internal field determined by the magnitude of the piezoelectric properties. As a result, 
an increase the resistance of CNT in a high-resistance state is observed. This leads to an increase in the 
area of the hysteresis loop of the CVC of the CNT and an increase in the RHR / RLR value. 

Thus, it is shown that CNT memristive properties improve with increasing piezoelectric response 
value. This dependence is fully consistent with the previously proposed memristive switching 
mechanism of a strained CNT [4]. The obtained results can be used to develop the nanopiezotronics 
devices based on vertically aligned carbon nanotubes. The results were obtained using the equipment of 
the Research and Education Center and Center of Common Using “Nanotechnologies" of Southern 
Federal University. 
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Abstract. The results of the study of the charge-discharge characteristics and impedance of a 
solid-state lithium-ion battery of the electrochemical system LiV2O5-LiPON-(Si-O-Al) are 
presented. It is shown that the features of the charge-discharge curevs are associated with a 
change in the Fermi level of electrode materials due to a change in the lithium concentration. 
The results of impedance spectroscopy in the ranges of high, medium and low frequencies are 
presented and equivalent circuits are proposed. 

The prototypes of an all-solid-state lithium-ion batteries (SSLIB), composed of the following 
functional layers: anode (Si-O-Al) - 1 μm; solid electrolyte (LiPON) - 1 µm; cathode (LiV2O5) 0.6 
µm; current collector (Cu) 0.8 µm, were manufactured by vacuum magnetron deposition [1-3]. To 
encapsulate the entire structure, S1813SP15 photoresist was used. SSLIB prototypes were tested in 
galvanostatic regime using an Elins P 20x8 multi-channel potentiostat. The tests consisted of several 
series of charge-discharge cycles. In each series of cycles, the value of the potential window remained 
constant, and increased from series to series with a step of 0.5 V. Thus, in the range from 3 to 5 V, five 
series of tests were performed, 25 cycles each. An example of charge-discharge curves is shown in 
Fig. 1. 

 
Figure 1 – The SSLIBs’ charge-discharge curves - cycles number 115 – 118. The steps on the charge 
curves are associated with a change in the Fermi level and the formation of a Schottky barrier at the 

interface Si-O-Al/current collector during lithiation of the anode 
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Basing on the above data, it was concluded that the maximum discharge capacity of the prototypes 
corresponds to a voltage window of 0-5 V and a discharge-charge current of 100 μA. The specific 
capacity, calculated from the discharge curves, amounts to 5.56 mA∙h/cm2 and 6.54 µA∙h/mm3. Here, 
when calculating the volumic specific capacity, the thickness of the titanium foil was assumed to be 5 
μm (half of the actual thickness), because in industrial version of battery layers are deposited on both 
sides of the foil. 
Figure 2 shows the Nyquist diagrams for the region of high (1 - 500 kHz) and low (10 mHz - 1 Hz) 
frequencies. In red is shown a direct (i.e. increasing in frequency) branch of an impedance hodograph, 
while the reverse one (a decrease in frequency) is shown in blue. High frequencies are characterized 
by a low-resistance arc (R - up to 200 Ohms, C - tens of microfarads, degree of ideality > 0.9), which 
describes the RC section of the circuit, with an indent from the origin by 3-5 Ohms, which is usually 
attributed to the resistance of current collectors. 
 

  
Figure 2 – Nyquist diagrams of SSLIB's impedance in the range of low (left graph) and high (right 

graph) frequencies 
 

At low frequencies, the impedance hodograph is almost a straight line well approximated by the 
constant phase element CPEẐ A( j )   at 0.7  , what corresponds to the intermediate state of the 
impedance between the capacity and the Warburg element.  
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Abstract. A kinetic model that describes the evolution of residual stress in thin polycrystalline 

films during bombardment by ions with energies below the sputtering threshold is presented. 
The mechanisms responsible for the change in stress are the generation of point defects on the 

surface and their redistribution over the film thickness along grain boundaries. The presented 

model was used to explain the previously obtained experimental data on the change in stress of 

thin Cr films after ion-plasma treatment with ion energy below the sputtering threshold (εi = 

15-30 eV). 

The ability to influence on mechanical stress in thin metal films is an actual task that has many 

applications in MEMS and other areas related to coatings. In our previous works [1, 2] it was shown 
that ion-plasma treatment (IPT) with ion energy below the sputtering threshold can have a significant 

effect on residual stress in Cr films. Depending on the ion energy IPT can both reduce average stress 

σ0 and stress gradient σ1 and increase them (Fig.1) that allows to use IPT as a non-destructive tool for 
stress regulation. However, this requires an understanding of the mechanisms that occur during IPT 

and ability to predict their behavior depending on treatment conditions and initial stress state of the 

films. 

  

Figure 1(a, b). Dependences σ0(t) (a) and σ1(t) (b) obtained by x-ray diffractometry and by 

measuring the bending of the cantilevers respectively at εi = 15 eV and 30 eV. The straight dotted 
line is the original film. Curved lines are theoretical. 
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Figure 2. The scheme of the junction of the grains surfaces and the grain boundary. 

 

Ion bombardment during IPT leads to the formation of a pair of point defects (surface atoms and 
vacancies) on the surface of grains (Fig. 2). Then due to surface diffusion they move to the junction of 

two grains (point O) and penetrate into the grain boundary (GB) where due to grain-boundary 

diffusion and drift due to the stress gradient they are distributed over the film thickness. The flows of 

defects along the surface and GB, respectively: 
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where σ0
in – initial average stress in the film, σ1

in – initial stress gradient. To obtain σ(x,t) we must 

solve the kinetic equations for atoms and vacancies on the surface and in GB: 
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where K – generation coefficient, λ – recombination length, ks – sink strength, an apostrophe above the 

letter indicates the opposite defect. Thus we have obtained a system of four differential and one 

algebraic equations. The solution of this system was carried out by the finite difference method. As a 
result the system of partial differential equations was replaced by a system of nonlinear algebraic 

equations, which was solved numerically by the Newton method. Da,v and ks were adjustable 

parameters. The calculation results of σ0(t) and σ1(t) are shown in Fig. 1 in the form of curves. 
Reported study was carried out under State Programs №0066-2019-0002  of the Ministry of Science 

and Higher Education of Russia. 
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Abstract. The present paper describes a modelling of normal domain evolution in 

superconducting strip of micron width using solving differential equations describing the 

temperature and current changes. The solving results are compared with experimental data. This 

comparison demonstrates the high accuracy of the model. In future, it is possible to employ this 

model for improvement of single photon detector based on micron-scale superconducting strips. 

1. Introduction 

At present Superconducting Single Photon Detectors (SSPDs) [1, 2] are used in quantum cryptography 
[3], optical communication systems in far space [4] and many other fields. The principle of their work 

is based on a local violation of superconductivity due to photon absorption [5-6].  

The issue of SSPDs improvement is currently an active area of research. One of the possible 
improvements of single-photon detectors is the transition from the use of nanometer superconducting 

strips to micrometer ones [7-8]. This allows to increase the area of the detector and reduce the deadtime 

(the time, required to return to the superconducting state). However, the use of superconducting strips 

of micron width is possible only when using a shunt resistance parallel to the resistance of the coaxial 
line. This limitation is caused by a decrease in the detector resistance in the normal state and kinetic 

inductivity due to its large width. 

The problem described, limits the application area of detectors. It is needed to know the value of the 
shunt resistance, which provides the maximum efficiency of the SSPD. The purpose of this work is 

modelling of normal domain evolution, temperature and current changes in superconducting strip of 

micron width, which will allow to determine the shunt resistance.  

2. Mathematical model  
The solution of the described task is based on solution of basic differential equations, which describe 

the processes occurring in a superconducting strip after absorption of a single photon [9]: 

𝜕с𝑇

𝜕𝑡
= 𝐽2𝜌 + 𝑘

𝜕2𝑇

𝜕𝑥2 −
𝛼

𝑑
(𝑇 − 𝑇𝑠𝑢𝑏),      (1) 

      𝐿
𝑑𝐼

𝑑𝑡
= 𝐼𝑅𝑛 − (𝐼𝑏 − 𝐼)𝑍,      (2) 

here equation 1 describes the temperature change (here c is the specific heat, J is the current density, ρ 
is the resistivity, k is the thermal conductivity of the superconductor, α is the thermal conductivity 

between the superconductor and the substrate, d is the thickness of the superconductor layer, 𝑇𝑠𝑢𝑏  is the 

temperature of the substrate). Equation 2 describes the change in the current flowing through the 

521



superconducting strip (here L is the kinetic inductance, 𝑅𝑛  is the resistance of the normal section of the 

superconductor, 𝐼𝑏 is the source current, Z is the impedance of the shunt and the coaxial line, which is 

connected in parallel). The initial conditions are: the current in the superconductor is close to critical, 
one normal domain with a size of 15 nm is heated to a critical temperature by a falling photon, the 

remaining domains have a temperature equal to the temperature of the substrate. 

These differential equations were numerically solved with the help of explicit difference scheme. The 
numerical solution is implemented by a python program. 

3. Comparison of experimental and modelled data 

Using the solutions obtained, it is possible to determine the magnitude of the shunt resistance necessary 

for the correct operation of a single-photon detector. Processes were simulated in 5 samples, after which 
they were compared with experimental data (Table 1). 

 

Table 1. Comparison of experimental and modelled data 

Size, µm 𝐼𝑐(2𝐾), μA 𝑅𝑠ℎ𝑢𝑛𝑡 , Ω Result 𝑅𝑐𝑟𝑖𝑡 , Ω 

2,9x30 517.6 7.4 Big 5.03 

1.96x20 326.8 7.1 Small 7.16 

1.14x10 134 8.5 Small 15.07 

2.22x20 268 7.4 Small 8.29 

3.14x30 315 7.2 Small 8.56 
 

The value of the shunt resistance, selected during the experiment are in the column “𝑅𝑠ℎ𝑢𝑛𝑡”. The 
column “Result” describes the evaluation of the experimental shunt: “Big” means that shunt in the 

experiment was higher than optimal and lower resistance is required, “Small” - the experimental shunt 

is too small, and a shunt of higher resistance is required. The column “𝑅𝑐𝑟𝑖𝑡” contains the ideal values 
of the shunt resistance obtained from the simulation with an accuracy of ε = 0.001. 

The simulation gives a result, which have fairly good quantitative agreement with the experimental data. 

4. Conclusion 

The evolution of the normal domain in a superconducting single-photon detector with a strip of micron 
width was modelled. The results obtained were compared with experimental data. The baseline result of 

the present research demonstrate high degree of compliance between modelling and experimental data. 

This study let to deepen understanding of superconductivity and instigate new research work on SSPDs 
based on micron scale superconducting strips 
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Abstract. In this work, substrate-dependent degradation of thin layers of TMDC is 

demonstrated. The energy barrier heights of the MoSe2/Au and MoSe2/Ni heterojunctions were 

studied using Kelvin probe microscopy. The effect of the barrier height on the 

photodegradation process is shown. The results show that the Ni-covered substrate promotes 

the photodegradation process. While the Au-covered substrate depresses it. 

1. Introduction 

Currently, more and more van der Waals (vdW) layered materials and their properties are being 

discovered. Such great interest is caused by the presence of fascinating properties. Atomically thin 

transition metal dichalcogenide (TMDC) films demonstrate exciting properties such as anomalous 

high light absorption[1], strong photoluminescence[2], photocatalytic water splitting[1], and many 

others. Additionally, it is possible to create electronic and optoelectronic devices based on van-der-

Waals heterostructures made of thin TMDC layers. To create such devices, thin TMDC layers are 

obtained by exfoliation and transferred onto a substrate[3]. The significant problem for TMDC-based 

devices is that TMDC materials may degrade under ambient conditions. In addition, the substrate can 

promote or limit the photodegradation process[4]. Our work was aimed to investigate the dependence 

of degradation thin TMDC layers on a substrate which they were transferred on. We transferred thin 

layers of MoSe2 obtained by exfoliation on Si substrates coated with gold and nickel. To examine the 

process of degradation, we used scanning probe microscopy (SPM).  

2. Samples and methods 

The first sample consists of thin MoSe2 layers obtained by exfoliation and transferred on a Si substrate 

coated with 50 nm of gold. The second sample consists of thin MoSe2 layers exfoliated from the same 

bulk crystal on a Si substrate coated with 50 nm of nickel.  

The experiment was carried out on a Ntegra Aura (NT-MDT) SPM using a Si NT-MDT probe with a 

tip diameter of 20 nm. The experiment was as follows. After exfoliating and transferring of TMDC 

layers, the topography of samples was investigated by SPM. Then the samples were left in a plastic 

box at room conditions (T ≈ 20-23 °C, RH ≈ 50%, daylight) for several months. After that, the 

topography of the samples was again investigated. 

It is well known that photocatalytic processes depend on the height of heterojunction[4]. So, work 

functions and heights of heterojunctions were determined using Kelvin Probe Force Microscopy 

(KPFM). A detailed description of this determination process is presented in our previous work[5]. 
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3. Results and discussions 

Figure 1 shows the results of the topography investigation.  
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Figure 1(a, b, c, d). (a, c) MoSe2 flakes on Au and Ni, respectively, immediately after transferring; 

(b) MoSe2 flakes on Au and Ni, respectively, after several months. 

As can be seen in Figure 1, the topography of the MoSe2 flake on the gold-covered substrate has not 

changed (Figure 1 a, b). Whereas the topography of the MoSe2 flake on the nickel-covered substrate 

has significantly changed as time passed (Figure 1 c, d). As can be seen from Figure 1d, the flake and 

the area around are coated with oxide. This can be explained as follows. The work function of a few-

layer MoSe2 flake is about 4.4 eV. While the working functions of the substrates coated with gold and 

nickel are about 4.37 and 4.12 eV, respectively. It means that the barrier ~0.3 eV high is formed at the 

MoSe2/Ni heterojunction. This results in the effective separation of photogenerated charge carriers and 

promotes the photooxidation. While at the MoSe2/Au heterojunction, there is no barrier, and the 

above-mentioned process is depressed. 

4. Conclusions 

In this work, we demonstrated substrate-dependent degradation of thin TMDC layers. The heights of 

MoSe2/Au and MoSe2/Ni heterojunctions were studied using Kelvin probe microscopy. It was shown 

that the presence of a high energy barrier at the heterointerface results in effective charge carrier 

separation and promotes the photodegradation process. The results of this work show the importance 

of choosing a substrate for the stability of devices based on thin MoSe2 layers. 
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Abstract. The combination of microfluidics and multichannel registration methods allows to 

construct neural networks with a defined topology and to investigate their functional 

properties. We present an in vitro model of two hierarchically connected neural networks and 

demonstrate that spontaneous activity is propagate between networks taking into account the 

hierarchical structure of connections. 

1. Introduction 

Spontaneous synchronization between separate neural networks is one of the distinguishing features 

of brain activity, which is important for many functions of a healthy brain (cognitive functions, 

memory, sleep) and pathology (epileptiform activity) [1]. Neural networks after cultivation for several 

days in vitro (DIV) spontaneously generate activity in the form of periodic and synchronized network 

discharges or bursts [2, 3]. To study the synchronization of the activity of connected neural networks 

in vitro, methods for structuring network geometry are used. The microfluidic method is most suitable 

for constructing directionally connected networks. It allows cultivating neurons in chambers 

connected by microchannels with asymmetric shape that provides polarization of the connections 

between neural networks [4]. Here we present the model of two directly connected neural networks in 

vitro and investigate synchronization of bursting activity between them. 

2. Materials and methods 

Microfluidic chips were fabricated from PDMS (Sylgard 184, Dow Corning) by “soft lithography” 

method and were manually mounted onto the surface of a planar microelectrode array (MEA). Chip 

structure consists of two chambers for neuronal cells cultivation and 16 microchannels for neuritis 

growth. Asymmetric design of microchannels facilitate axonal growth from “Source” chamber to 

“Target” chamber and reduce growth in opposite direction.  

Hippocampal neuronal cells were dissociated from embryonic mice (E18) and plated on microfluidic 

chips at a density of approximately 8,000 cells/mm2.  

Electrophysiology activity was recorded from 59 (1 reference) TiN electrodes of the MEA system 

(Multichannel Systems, Germany) at a sample rate of 20 kHz on 10, 15, 20, 25 days in vitro. We used 
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the threshold detection method for spike and burst detection as described in our previous studies [4].  

To determine the direction of spikes propagation in microchannels, the distribution of delay times 

between spike pairs of adjacent electrodes was constructed. Peaks of histograms with high precision 

in delay time is consistent with spikes propagated along axons. 

3. Results and Conclusions 

In this study we investigated the synchronization of spontaneous bursting activity of two neuronal 

networks connected by asymmetric microchannels. Axons grew through microchannels from 

“Source” chamber to “Target” chamber within 5 days after plating cells. Microchannels consists of 3 

segments, two segments has narrow triangular shape (200 μm length, 40 μm width) and one has large 

triangular shape (200 μm length, 150 μm width), the width of the bottlenecks between segments was 7 

μm.  

The spontaneous bursting activity appears in neural networks in 7-10 days in vitro. We obtained that 

some of bursts propagated from one network and evoked burst in second network with delay less than 

the initiating burst duration. We estimated probability of burst propagating from “Source” to “Target” 

chamber (forward direction) and from “Target” to “Source” chamber (backward direction) as the ratio 

of the number of propagated bursts to the total number of bursts in initiating network. We found that 

the probability of burst propagation in the forward direction was several times higher than the 

propagation in the opposite direction. Thus, the developed structure of microchannels provides a 

hierarchical architecture of connections between networks. Statistically significant changes in the 

probability of the propagation both in the forward and the opposite direction were observed between 

15 and 20 DIV and may be associated with the maturation of synaptic contacts between neural 

networks. Also, the direction of spikes propagation in the microchannels was predominantly from the 

“Source” to “Target” chamber and this tendency maintained with the development of neural networks. 

The results suggest that spontaneous bursting activity of directly connected neural networks is 

synchronized taking into account the hierarchical structure of connections. 
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Abstract. The work considers the application of the atomic-layer etching technique to remove 

layers with defects after surface treatment using focused ion beam methods and plasma 

chemical etching for the subsequent growth of quantum dots by molecular beam epitaxy. The 

work shows that this technique allows you to remove the surface layers in which the defects 

are contained. 

1. Introduction 
The task of controlled synthesis of semiconductor self-organizing nanostructures - quantum dots, 

filamentous nanocrystals, metallic nanodroplets - is extremely important, first of all, to create effective 

sources of single and entangled photons - the basis of quantum cryptography systems, as well as 
functional elements based on filamentary nanocrystals, single quantum dots and / or their complexes 

with a given topology, on the basis of which cellular automata, memory elements, integrated photonics 

and functional blocks quantum computing systems [1-3].  
At the same time, drip epitaxy, based on separate deposition of components of groups III and V, 

allows not only to significantly expand the range of structures formed (quantum dots, rings, disks and 

complex, hybrid structures based on them), but also to realize independent control of the density and 
size of quantum dots, as well as to use for their creation virtually any A3B5 system, which is 

inaccessible to techniques based on the Stranski – Krastanov mechanism. 

The use of structured GaAs and Si substrates and the features of droplet epitaxial techniques will 
effectively localize epitaxial growth at given points on the surface, thereby ensuring precise 

positioning and control of the parameters of synthesized nanostructures — metal nanoscale droplets 

(catalytic centers) and quantum dots based on them (in the case of GaAs). 
The structuring of the substrates was carried out by a combination of methods of focused ion beams 

and plasma-chemical etching. However, after obtaining substrates with nanoscale relief, a broken layer 

was formed on the surface in the depressions caused by plasma and penetration of Ga ions after 
exposure to focused beams. To remove damaged layers, the best method is layer-by-layer etching of 

the GaAs surface [4]. 

2.  Method  
In the course of the experimental work, standard GaAs plates were used. Structures for the subsequent 

growth of quantum dots by molecular beam epitaxial were formed on the surface of the wafers by the 

method of focused ion beams and plasma chemical etching in chlorine plasma. To remove defects 
introduced during previous treatments, the atomic layer etching technique was used. This technique 
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consists in removing one atomic layer from the surface of the formed structures. At the first stage, the 

active gas is launched into the reactor, at the second stage, inductively coupled plasma is switched on 
for the reaction of gas molecules deposited on the surface, then the surface reacted layer is removed 

and the cycle repeats. 

 

3. Results and Discussion 

To determine the penetration depth of gallium ions, a simulation was carried out and it was revealed 

that after treatment in chlorine plasma, 12 atomic disturbed layers remain, which were later removed 
using the atomic layer etching method. When using the “soft” etching mode, the angle of inclination of 

the nanoscale structures changed and the growth of quantum dots did not occur.  

At the end of the experimental studies, samples were obtained with nanoscale surface profiling, a 
combination of methods of focused ion beams, plasma chemical etching, atomic layer etching, in 

which GsAs quantum dots were obtained by dropping epitaxial.  
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Abstract. In this paper, the method of analysis of normalized differential tunneling current-

voltage characteristics was substantiated and used to study some important parameters of 

semiconductor quantum dots. This method allowed us to analyze the position of the first three 

energy levels of the electron in quantum dots with acceptable accuracy. In addition, this 

method made it possible to estimate the size of investigated objects. 

1. Introduction 

Quantum dots (QDs) are one of the most interesting objects for investigations in purpose of 

application in optoelectronics and nanoelectronics due to the presence of a number of characteristic 

features. Therefore, the choice of methods for studying them is also important. The main research 

methods, such as transmission electron microscopy (TEM), analysis of optical characteristics, etc., 

allow us to estimate the size, shape and composition of objects, however, they do not allow to evaluate 

the energy spectrum of QD, which can be a source of useful information about their optical and 

electronic properties. Therefore, the purpose of this paper was the substantiation and application of a 

method of analysis of normalized differential tunneling current-voltage characteristics, which allows 

to obtain this type of information about the objects, by using the semiconductor quantum dots of 

materials from groups A
2
B

6
 (CdSe) and A

3
B

5
 (InSb). 

2. Research methods 

In this paper we investigated monolayers of quantum dots that were formed on the surface of an 

aqueous subphase, using the Langmuir-Blodgett technology, and transferred onto solid substrates with 

a conducting layer of indium tin oxide (ITO). The obtained samples were investigated by scanning 

tunneling microscopy (STM) using a SOLVER Nano scanning probe microscope. 

3. Results and discussions 

Model representations of the process of electron tunneling through discrete levels of a quantum-

dimensional object into a microscope probe in the structure that characteristic for STM measurements 

were considered in [1]. The discrete energy spectrum of the conduction electrons of a quantum-

dimensional object determines the peaks in the normalized differential CVC (Fig. 1 on the left). These 

peaks are typical for electron tunneling from 1, 2, and 3 energy levels of quantum dots into a metal 

probe of a microscope, and this allows us to determine the position of these levels (with an error in 

measuring the position of the peaks less than 2kT, which at T = 300K approximately corresponds to 

0.05 eV). Further, as shown in Fig. 1, the voltage values that corresponds to peaks are put in 

accordance with the energy values on the dependences of the position of the QD first three energy 

levels, that was calculated with the “cubic” QD model (Fig. 1 on the right). Thus, the size range of 
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investigated QDs was determined. By further comparison of the obtained sizes values with the results 

of test measurements by TEM and analysis of optical characteristics we can confirm the accuracy of 

our method. In this paper, we estimated the sizes of InSb quantum dots, which, as shown in Fig. 1, 

were in the range of 11–13 nm, and also CdSe quantum dots: 4–5 nm. The results showed quantitative 

and qualitative agreement with the test ones with an error less than 10%, which allows us to talk about 

efficiency of this method. 

 

Figure 1. Typical differential tunneling CVC of InSb QDs in accordance with the calculated levels of 

the energy spectrum. 
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Abstract. In the present work, we experimentally study the diffusive dynamics in a swarm
of randomly moving robots. Each robot is a bristle-bot moving because it vibrates on top of a
rigid surface and is powered by its battery. We consider the dependence of the system dynamics
on the density of robots as well as the friction between individual robots. The results show that
changing the friction slightly affects the diffusive dynamics but leads to a significant change in
the jamming transition point corresponding to the formation of dense clusters.

1. Introduction
Active matter describes the dynamics of systems composed of particles that can extract
the energy from their sources and convert this energy into individual and collective motion.
Examples of such systems include biological ones such as bacterial colonies [1], flocks of birds or
fish [2] as well as engineered systems, including ensembles of self-propelled micro-particles [3] or
macroscopic robots [4, 5, 6]. The latter platform is especially attractive for experimental studies
due to its low cost and excellent design flexibility to engineer properties of individual particles.
However, the dependence of robotic ensemble dynamics on friction between robots have not yet
been explored.

2. Experimental setup
In the present work, we consider the ensemble of 35 self-propelled bristle-bots vibrating at
frequencies between 50 and 100 Hz, Figure 1(a). The vibration causes bristle-bots having soft
deformable legs to move due to the asymmetry of its shape and mass distribution. Each robot is
32 mm in diameter and consists of the body made of ABS plastic via FDM printing technology,
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(a) (b) (c)

Figure 1. (a) Experimental setup. (b) Extracted trajectories of robots moving inside a
boundary with the diameter 33.5 cm and at intermediate friction. Different colors correspond to
different robots. (c) Root mean square displacement of robots as a function of time for different
values of friction between robots: low (green), intermediate (blue), and high (red). Each curve
is averaged over three realizations of the system and five different robots in each realization.

QX-6A-1 motor, a 3V battery, and a control circuit. The circuit allows turning the robots on
and off by changing the ambient lighting and includes two KT315B1 transistors, Vishay BPW34
PIN photodiode and KLS7-SS03-12D02 slide switch. The robots are placed inside a plastic
boundary of a diameter that we control to be between 33.5 and 40 cm to tune the density of
robots. To change the friction between robots, individual bristle-bots are covered with different
materials ranging from sandpaper to paper tape to a plastic tape. The motion of the system is
captured with a camera and then analyzed with the aid of the DeepLabCut neural network.

3. Results
We studied the diffusion dynamics as a function of the robot density and friction coefficient
between individual robots. To do so, we extract individual trajectories of robots for different
diameters of the boundary and different materials covering robots, Figure 1(b). Then, we
consider a root mean square displacement of robots as a function of time, averaged over
different trajectories in the single realization as well as over different initial configurations of the
ensemble, Figure 1(c). The results show that the jamming transition threshold corresponding to
a formation of the stable cluster of bristle-bots depends on the friction between robots, whereas
power-low behavior in the diffusion regime conserves.
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Abstract. This study presents novel microscopic algorithm of e-beam induced poly- methyl 
methacrylate (PMMA) chain scissions. It considers PMMA chain scissions as a result of 
changes in PMMA bond structure. Scission mechanisms are determined by simulation of 
exposed PMMA molecular weight distribution and comparison of simulated radiation scission 
yield with experimental values. At room temperature, PMMA chain scissions are supposed to 
originate from e-beam interaction with valence electrons of PMMA C-C backbone atoms. The 
radiation scission yield increase at higher temperatures could be explained by increase of 
probability of PMMA chain scission by ester side group detachment.  

1. Introduction 
Basic approach for the simulation of positive resist chain scissions bases on radiation scission yield 
(Gs), which represents mean number of chain scission per 100 eV energy deposition. Gs values 
obtained for electron irradiation of poly- methyl methacrylate (PMMA) by viscosity measurements 
were provided by different researchers, and conventional value for room temperature is 1.9±0.3 [1]. 
Moreover, log(Gs) seem to vary linearly on 1/T over the range 0-180 °C with activation energy of 
approximately 1 kcal/mole [2]. Recent models of e-beam induced PMMA degradation take into 
account changes in PMMA bond structure, instead of energy deposition [3,4]. They consider PMMA 
chain scissions as a result of inelastic e-beam interaction events with C–C backbone atoms. The most 
detailed approach, proposed by Aktary et al. [4], provides interpolated probability of PMMA chain 
scission, which was estimated by number of electrons, involved in electron-electron interaction at high 
and low energies of incident electron. However, there seems to be no explanation of Gs temperature 
dependence. In this study PMMA weigh distribution in e-beam lithography exposures is simulated to 
model the experiment of Gs determination from the exposed PMMA viscosity, related to PMMA 
number average weight. The temperature effect on Gs is taken into account by variation of scission 
mechanism with temperature growth. 

2. Simulation of e-beam scattering in PMMA/Si structure 
Direct Monte-Carlo algorithm, with discrete energy loss model, based on Dapor [5] and Valentin [6] 
approaches was used to simulate e-beam scattering in PMMA/Si structure. PMMA chains are modeled 
using ideal chain model based on random walk simulation with 0.28 pitch and 109º between 
successive monomers [7]. The processes of e-beam interaction with PMMA valence electrons were 
divided into 9 groups, related different bond types in MMA monomer [8]. Gryzinski formula [9] was 
used to estimate the contribution of each bond to total inverse mean free path of e-beam interaction 
with PMMA valence electrons (Fig. 1). In this approach, bond dissociation energy (BDE) was treated 
as binding energy, which is required parameter of Gryzinski differential cross-section. BDE was also 
used to determine the secondary electron energy from energy loss of primary electron. 
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Figure 1. (a) Atomic structure of poly- methyl methacrylate monomer (MMA) with atom description 
(red text in brackets); (b) bond weight in total inverse inelastic mean free path for e-beam interaction 
with MMA valence electrons, calculated using Gryzinski formula. 
 

3. Simulation of PMMA chain scission rate at different temperatures 
Assuming that e-beam interaction with valence electrons of C–C backbone atoms results in PMMA 
chain scission, one could obtain Gs value of 1.84, which is in agreement with existing models of e-
beam induced PMMA degradation. For the simulation of temperature effect on PMMA chain scission 
rate other possible PMMA chain scission mechanisms were analyzed [10]. It was determined that Gs 
increase with temperature raise up to 180 °C could be explained by almost linear (with T) increase of 
probability of PMMA chain scission by ester group detachment, which gives required Gs increase up 
to 3.1. 
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Abstract. The main objective of researches in the field of photovoltaic is to increase the 

efficiency. This work aims a new concept which is the integration of nanoparticles in the anti-

reflection layerSi3N4 (silicon nitride), in order to improve the performance of solar cells. This 

concept is based on the up conversion, where the nanoparticles are characterized by the ability 

to function as a converter of infrared rays having high energies in the receptivity in the visible. 

The concept of conversion leads to a better exploitation of the solar spectrum, by widening the 

useful range of the spectrum. Firstly, we realized SiNx layers at different compositions and 

proved that variation by calculating the silicon excess and the gap energy. But the focus is on the 

analysis of photocurrent measurements for the vertical and lateral configuration to show the role 

of nanparticules. And we finalize with measurement of currents at the test bench I-V to find the 

ideal stoichiometry for nanoparticles. 

 

1. Introduction 

Solar energy is one of the inexhaustible sources of energy for the Earth, therefore, researcher focus 

particularly in the conversion of solar energy to electric by using photovoltaics. Silicon is currently the 

most used material in photovoltaic systems. The semiconductor technology has been developed rapidly 

with the growth of microelectronics in recent decades. 90 % silicon is the main material of 

microelectronics [1]. Photovoltaic’s third generation is the combination between the first generation 

(silicon cells), which were developed mainly from silicon, these cells have only one PN junction, and 

the second generation (thin films), which is based on a thin layer deposited on a substrate. 
     In recent years, the reduction in the size of Silicon to nanostructure has open new functionalities that 

have made it possible to envisage several applications based on silicon nanocrystals (nc-Si). Composite 

thin films of a dielectric matrix containing silicon nanoparticles can find various applications in 

optoelectronics: third-generation photocells, Bragg mirrors, semiconductor lasers, etc. [2]. At this point, 

wide changes in physical properties occur, mainly in energy characteristics; electronic levels, modes of 

atomic vibrations and their interactions with photons. This promises a lot of results and progress. One 

of the goals set is to use these nanosturturs as converters of high-energy photons into red photons that 

are better absorbed by the main cell. The main attention will be paid to the analysis of the properties of 

absorption and charge transfer of nanostructured layers in order to verify their photoelectric efficiency 

and assess the feasibility of manufacturing multi-junction elements based on these nanomaterials. 
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2. Methods of experimental characterizations

To measure the chemical composition of silicon nitride (anti reflection layer), analyzes were carried out 

by Mass spectrometry of secondary ions (SIMS). The SIMS technique allows obtaining the 

concentrations of each of the components in the atomic percentage of samples, which also allows to find 

out the total composition of these samples depending on the depth. The evolution of stoichiometry, 

which depend of the gas precursor ratio R = NH3 / SiH4, will be determined after the bombardment of 

the samples by an ion beam (primary ions) with energies from 0.1 KeV to 50 KeV. 

  Interest will be focused only on the SiNx anti-reflective layer of the samples. It consists of two essential 

elements, silicon Si and nitride N. According to these results, it is possible to develop alloys of silicon 

nitride which contains an excess of silicon compared to the standard stoichiometry Si3N4. It is an 

essential prerequisite for obtaining the precipitation and crystallization of silicon Nanocrystals in a 

matrix of silicon nitride. 

  According to the obtained graphs, the more samples are rich in silicon, the more we notice a shift in 

the reflection spectrum to the near infrared, diagrams in Figure 1, this suggests that the effective 

refractive index increases with the rate of Silicon within the SiNx layer [3], we also notice that the 

fringes are not regularly spaced. 

Figure 1. Reflection spectrum of silicon nitride composite layers at 7 different silicon concentrations. 

3. Conclusion

Research on silicon nanocrystals for photovoltaic applications is barely in its infancy. Numerous 

research and development efforts will be necessary to ensure sufficient engineering of nanostructures so 

that they become a technological and industrial reality. The results obtained by this work are promising. 

The principle consists in obtaining silicon nanoparticles (Si-np) in a Si3N4 matrix. The variation of the 

ratio of gases R = NH3 / SiH4 to allows in turn to vary the concentration of silicon therefore the size of 

the nanoparticles due to the photo-current technique we determined the absorption levels in nc-Si using 

two different configurations (vertical and lateral). Thus, we have proved that a lateral transport 

configuration has better sensitivity than a vertical configuration and that it provides more information 

on the different absorption thresholds due to a very considerable reduction in the contribution of the 

substrate. 
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Abstract. Electrophysical properties of GaP/Si multilayer structures grown on n-GaP wafers 

by PE-ALD with step of argon plasma activation are studied. Firstly, capacitance-voltage 

measurement confirmed possibility to profile the charge carrier density in silicon quantum 

wells in GaP/Si multilayer structures. Further, different defect levels were detected by deep-

level transient spectroscopy. In result, hole trap with Ea=0.18 eV are formed in depth of 20-30 

nm from the wafer surface after PE-ALD process due to argon treatment, but no responses 

observed deeper in GaP wafer. Then, three types of defects were detected in GaP/Si multilayer 

structures: (i) complex of SiGa+Pi, (ii) extended ones associated with levels in bandgap of GaP 

layers grown by PE-ALD, and (iii) responses at temperature higher 300 K related to defect 

with higher activation energy. 

1. Introduction

Nowadays, there is the challenge to grow III-V compounds on silicon wafers since it will allow to 

fabricate optoelectronic device, for example, multi-junction solar cells on cheap wafers. However, 

modern technological methods like molecular-beam and vapour phase epitaxy have not been obtained 

sufficient quality of such compounds and efficiency of fabricated solar cells. Also, an applied 

technology should be possible to be transferred in industry for fabrication of solar cells for terrestrial 

applications but each epitaxial method is not very suitable due to expensive and complicated 

equipment and strict requirements for source of atoms. Method of plasma deposition (like PECVD) is 

much more suitable for industry than modern epitaxial ones, and, recently, layers of GaP were 

deposited by adopted approach of atomic-layer deposition (PE-ALD) on Si wafer [1]. Furthermore, 

multilayer GaP/Si nanoheterostructures with Si quantum wells were obtained by PE-ALD for active 

layers in top subcells of MJ SC [2]. However, it was shown that an additional step of argon plasma 

treatment in PE-ALD process allows to improve homogeneity and decrease roughness of GaP layers. 

Therefore, here, the technology will be developed for growth of multilayer GaP/Si structures on GaP 

wafers by using of additional step of argon treatment in PE-ALD process. Capacitance-voltage 

characteristics and deep-level transient spectroscopy will be applied for characterization of structures. 

2. Experiments and methods

Four different samples were grown at 380 °C on n-GaP (n=5×1017 cm-3) wafers using an Oxford 

PlasmaLab System 100 PECVD (13.56 MHz) setup. Multilayer samples consist of 3-7 quantum wells 

of silicon grown by PECVD mode between barriers of GaP grown by PE-ALD mode. Thickness of 

GaP and Si layers were varied as 3-5 nm and 0.5-3 nm respectively. Schottky barriers to superlattices 
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GaP/Si were formed by vacuum evaporation of gold in BOC Edwards Auto500 setup, and ohmic 

contact was formed from the bottom side of GaP wafer. Capacitance-voltage measurements were 

performed using a precision E4980A Keysight (former Agilent) LCR-meter. Measurements of 

capacitance DLTS were performed using an automated installation based on a Boonton-7200B 

capacitance bridge in the temperature range of 80-360 K.    

3. Results

Firstly, capacitance-voltage measurement confirmed possibility to profile the charge carrier density in 

silicon quantum well in GaP/Si multilayer structure with 7 QWs of silicon with thickness of 3 nm. 

Further, different defect levels were detected by deep-level transient spectroscopy. In result, hole trap 

with Ea=0.18 eV are formed in depth of 20-30 nm from the wafer surface after PE-ALD process and 

associated with gallium vacancies rising due to argon treatment, but no responses observed deeper in 

GaP wafer. Then, three types of defects were detected in GaP/Si multilayer structures: (i) complex of 

SiGa+Pi, (ii) extended ones associated with levels in bandgap of GaP layers grown by PE-ALD, and 

(iii) responses at temperature higher 300 K related to defect with higher activation energy. More 

detailed information for different GaP/Si multilayer structures will be presented in conference. 
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Abstract. The possibility of N-based and III-V nanowires growth by molecular-beam epitaxy 

on a silicon substrate with nanoscale buffer layer of silicon carbide has been demonstrated. 

Morphological, structural and optical properties of the resulting systems have been studied and 

compared with properties of identical nanostructures on silicon substrate. 

1. Introduction 

The wide-gap nanoheterostructures based on GaN are of great interest for creating electronic and 

optoelectronic devices. Works in growing GaN on silicon have been very promising recently. 

However, the lattice misfit of such materials is 17%, which leads to the formation of defects of 

different nature. 

In this work, in order to reduce the number of misfit dislocations a nanometer (about 50 nm) 

buffer layer of SiC was used for MBE GaN nanowires (NWs) growth. Since the difference in the 

lattice parameters is only 3%, so growth on such surface can radically reduce the density of structural 

defects in GaN. 

Growth experiments are carried out using Riber Compact12 MBE setup. After the growth, 

the samples are studied by applying the scanning electron microscopy (SEM) and low-temperature 

photoluminescence (PL) techniques. Comparison of photoluminescence spectra of grown GaN on 

hybrid and the most successful GaN NWs structures on silicon shows that the intensity of radiation 

from grown on SiC buffer layer GaN NWs is more than two times higher than the intensity from the 

best GaN structures on silicon. This fact leads to the conclusion that grown structures have fewer 

defects compared with GaN NWs on silicon substrate. This is caused by a smaller lattice constant 

mismatch between GaN and SiC compared with GaN and Si. 

Besides we have discovered a novel mechanism that allows Si to be incorporated into GaN 

NWs beyond the solubility limit. It is based on the use of vicinal SiC/Si hybrid substrates. The NWs 
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grown on step bunches of vicinal become heavily Si doped. This is verified by the observation of high 

carrier concentrations in PL and high Si concentrations by SIMS. Moreover, Raman spectroscopy in 

concert with quantum chemical modelling indicates the formation of Ga(Si)N solid solution. The 

microscopic mechanism responsible for heavy doping and even alloying beyond the solubility is 

diffusion driven by the mechano-chemical effect, which allows extremely efficient injection of Si 

atoms at the step bunces of vicinal SiC/Si substrates. 

Moreover, a possibility of GaAs, AlGaAs and InAs nanowires growth on a silicon substrate 

with a nanoscale buffer layer of silicon carbide has been demonstrated for the first time. The diameter 

of these NWs is smaller than diameter of similar NWs which were grown on a silicon substrate, 

because of significant lattice mismatch. In particular, InAs NWs diameter was less than 10 nm. In 

addition, based on photoluminescence measurements, it was found that, in case of AlGaAs NWs 

growth on such substrates, complex structure forms. 

Finally, in this work we present the results of a set of experimental studies on the synthesis 

by molecular beam epitaxy and the study of the morphological and optical properties of InGaN 

nanostructures of branched morphology (resembling nanoflowers, NF) directly on the surface of the 

silicon substrate. 
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Abstract. A new approach to the preparation of silver clusters on biomolecule matrices was 

tested. Silver nanoparticles were synthesized and then etched by different proteins, cytosine 

rich DNA sequences and peptides. Dark and luminescent silver nanoclusters were detected and 

described.  

Introduction 

Noble metal nanoclusters have attracted more and more attention over the past decade. 

Luminescent metal nanoclusters can serve as sensors for various analytes, and can be used in 

biomaging applications [1]. Metal nanoclusters are simple to synthesize and possess high brightness 

and photostabilty in comparison with dyes and quantum dots. Biomolecules are very convenient 

templates for cluster growth. Luminescent nanoclusters based on biomolecules are well compatible 

with living systems. Biopolymer matrices also protect metal clusters from an aggressive environment 

[2]. The mechanism of the cluster growth on polymer templates have been unclear. The typical 

synthesis includes the reduction of silver ions bound to the matrix by sodium borohydride. We have 

tested another approach, namely etching of silver nanoparticles (NPs) in the presence of DNA and 

protein matrices [3]. 

Experiment 

Spherical silver NPs were synthesized on an ice bath by reducing silver ions with sodium 

borohydride [4]. Then, nanoparticle and biomolecule (cytosine rich oligonucleotides, glutathione 

(GSH), bovine serum albumin (BSA), lysozyme, insulin) solutions were mixed in equal volumes and 

stored at 37 °C. Next, measurements of the absorption and luminescence spectra were made. Changes 

in the absorption spectrum of nanoparticles were noticed in 24 hrs.  
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Results and discussions 

 GSH, BSA and lysozyme are able to completely dissolve silver NPs. Silver luminescent clusters 

with excitation / emission maxima at 390/460 nm were detected on BSA. The presence of insulin had 

a weak effect on the nanoparticles. Lysozyme dissolved NPs, however, no luminescent clusters were 

observed. In GSH solution, “dark” clusters are formed. They have two excitation bands at 280 nm and 

360 nm and the emission maximum at 620 nm. 

Figure 1. Abosrbance spectra of silver NPs with GSH (left)and BSA (right). 

 For all used DNA sequences, a decrease and a small blue shift of the plasmon absorption 

maximum were observed. Therefore, cytosine-rich oligonucleotides are capable of etching silver NPs, 

however, they are not able to completely dissolve the nanoparticles. Some DNA sequences showed the 

presence of a luminescent fraction of the clusters. After adding the reducing agent to the 

oligonucleotide solution, filtered to remove excess nanoparticles and silver ions, luminescent silver 

nanoclusters typical for these sequences were synthesized.  

Figure 2. Abosrbance spectra of silver NPs with cytosine rich DNA sequences. 
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