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Refraction modulation Z-scan for nonlinear refractive index 

measurement 
 

V. Kadan1, I. Pavlov1,2, A. Dmytruk1 

 
1 Institute of Physics of NAS of Ukraine, Kyiv 03028, Ukraine  

 2
 Department of Physics, Middle East Technical University, Ankara 06800, Turkey 

 

To determine refractive and absorptive nonlinearities, the Z-scan technique [1]—which 

involves translating the sample through the laser beam’s focal point and measuring the 

transmitted light power—is widely used today. Over time, several derivative methods have 

been developed to enhance the standard Z-scan technique. Among them, the loss modulation 

technique, first proposed in [2] and later refined by our group in [3], is considered one of the 

most sensitive methods for measuring two-photon absorption. This technique modulates the 

intensity of the probe laser beam and detects the transmitted signal using open-aperture lock-in 

detection at the second harmonic of the modulation frequency. 

 In this work, we introduce a new method, which we call refraction modulation Z-scan. 

This technique combines aspects of both the Z-scan and loss modulation methods to sensitively 

measure third-order refractive nonlinearity in closed-aperture mode. The refraction modulation 

effect, which reflects a nonlinear change in the medium’s refractive index, manifests as second-

harmonic (SH) components in the frequency spectrum of the transmitted laser beam intensity, 

originally modulated by a pure sinusoid. 

Our experimental setup includes a femtosecond laser, which produces a probe beam 

with a 1 kHz repetition rate f0, 150 fs pulse duration τ, and 800 nm wavelength λ. The beam’s 

output power after the first polarizing cube was adjusted manually by rotating the polarization 

plane using a half-wave plate. A second half-wave plate, mounted on a hollow-shaft motor, 

continuously rotated the polarization plane, resulting in intensity modulation at a frequency of 

300 Hz with ~100% modulation depth after passing through a second polarizing cube. The 

beam was then focused onto the test sample, which was scanned along the Z-axis through the 

focal plane. The second-harmonic signal at 600 Hz, corresponding to the refractive nonlinearity, 

was detected in closed-aperture mode using a silicon photodiode, amplified via a lock-in 

amplifier, and recorded as a function of the Z-position. 

To analyze the measurement results, we derived an equation that relates the nonlinear 

refractive index n2, the average beam power P1F, and the peak-to-valley difference of the second 

harmonic signal ΔV2Fpv as a function of z, based on the modeling described in [1] and assuming 

sinusoidal modulation of the probe beam power.  
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Here V1F is the first harmonic signal in defocused position, S is the aperture transmission, Z0 – 

Rayleigh length, L is the sample thickness. 

We applied this approach to perform refraction modulation Z-scan measurements in 1 

mm thick samples of fused silica and LiF. The resulting n2 values, calculated using the above 

equation, are in good agreement with reference values, thereby validating the accuracy of our 

model. 

 
[1] M. Sheik-Bahae, A.A. Said, T.H. Wei, D.J. Hagan, E.W. Van Stryland, IEEE J. Quant. Electron. 26 (1990) 

760–769 

[2] P. Tian, W.S. Warren, Optics Letters 27 (2002) 1634-1636 

[2] V. Kadan, I. Pavlov, A. Dmytruk, Opt. Commun. 569 (2024) 130809
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Spectroscopic and luminescent properties of the Nd-doped and 

Ag-Nd co-doped lithium tetraborate glasses 
 

B.V. Padlyak1, I.I. Kindrat2, R. Lisiecki3 

 

1 O.G. Vlokh Institute of Physical Optics of the Ivan Franko National University of Lviv, Department 

of Optical Materials, 23 Dragomanov Str., 79-005, Lviv, Ukraine 

2 University of Zielona Gora, Institute of Physics, Division of Spectroscopy of Functional Materials, 

4a Szafrana Str., 65-516, Zielona Gora, Poland 

3 Institute of Low Temperature and Structure Research of the Polish Academy of Sciences, Group for 

Spectroscopy of Laser Materials, 2 Okolna Str., 50-422, Wrocław, Poland 

 

Spectroscopic and luminescent properties of the Nd-doped and Nd-Ag co-doped borate 

glasses with Li2B4O7 (Li2O–2B2O3) basic composition are presented and analysed using 

experimental results of optical absorption, electron paramagnetic resonance (EPR), 

photoluminescence (excitation, emission, decay kinetics) and Judd-Ofelt theory. Technology, 

local structure, spectroscopic and luminescent properties of the Li2B4O7:Nd and 

Li2B4O7:Nd,Ag glasses firstly were presented in our articles [1,2].  

Optical absorption, photoluminescence spectra and decay kinetics of Nd3+ ions were 

detailed analysed. Experimental and theoretical oscillator strengths (fexp and ftheor), Judd-Ofelt 

intensity parameters (Ω2, Ω4, Ω6), and important to laser applications radiative parameters such 

as probabilities of radiative transitions (Arad), branching ratios of luminescence (), radiative 

lifetimes (rad), emission cross-sections (em), and quantum efficiency () of the Nd3+ 

luminescence in the Li2B4O7:Nd [1] and Li2B4O7:Nd,Ag [2] glasses have been calculated.  

In the Li2B4O7:Nd,Ag glass optical absorption band of surface plasmon resonance 

(SPR) related to silver nanoparticles was observed. Presence of the Ag2+ paramagnetic centres 

and aggregates in the Li2B4O7:Nd,Ag glass was confirmed by EPR spectroscopy [2]. 

Enhancement of intensity of the Nd3+ luminescence in 1.3 and 20 times was observed in the 

Li2B4O7:Nd,Ag glass under excitation at 585 nm and 350 nm, respectively. The luminescence 

enhancement is assigned to energy transfer from Ag+ isolated ions and Ag aggregates to the 

Nd3+ ions as well as local field effects induced by the SPR of Ag nanoparticles. The Ag co-

doping is a promising approach for improving of luminescent and laser properties of the Nd3+ 

ions in borate glasses.  

 

[1] B.V. Padlyak, R. Lisiecki, T.B. Padlyak, V.T. Adamiv, Spectroscopy of Nd3+ Luminescence Centres in 

Li2B4O7:Nd, LiCaBO3:Nd, and CaB4O7:Nd Glasses, J. Lumin. 198 (2018) 183–192.  

[2] Ihor I. Kindrat, Bohdan V. Padlyak, Radosław Lisiecki, Volodymyr T. Adamiv, Spectroscopic and 

Luminescent Properties of the Lithium Tetraborate Glass Co-Doped with Nd and Ag, J. Alloys Comp. 853 (2021) 

157321. 

https://pers.uz.zgora.pl/pracownik-29081
https://pers.uz.zgora.pl/pracownik-17528
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Relaxation processes in selected oxide crystals used as active 

elements of lasers 
 

I. Stefaniuk, P. Potera, B. Cieniek 
 

Institute of Materials Engineering, Faculty of Exact and Technical Sciences, University of Rzeszow, 

Pigonia 1 Str., 35-310 Rzeszow, Poland 
 

There are three classical spin-lattice (T1) relaxation processes: resonant - simple and 

Orbach-Amionov; and non-resonant - Raman. The aim of this work is to analyze T1 relaxation 

times for Cr3+, Fe3+, Mn4+, Co2+, Nd3+ and Er3+ ions in YAP crystal, and Gd3+ ions in 

Ca4GdO(BO3)3 crystal after irradiation by bismuth ions. This is a continuation and extension of 

previous works [1,2]. Usually the described relaxation processes do not occur simultaneously, 

most often at high temperatures we observe Raman processes and at low temperatures we 

observe Orbach and simple processes, which are described by the following equation (Eq 1). 

 
1

𝑇1
= 𝑎𝑇 + 𝑏 exp (

−𝛥

𝑘𝑇
) + 𝑐𝑇𝑛 (1) 

By analyzing the temperature dependence of the EPR spectra, we obtain experimental 

relaxation times, which we fit to individual members in Eq. 1 and obtain information about the 

type of process and its parameters. In this paper, relaxation times will be determined for the 

ions described above, and their analysis will be carried out in dependence on the local 

environment. An example of the temperature dependence and fitting of the relaxation time T1 

for Er3+ ions in a YAP crystal, is shown in Figure 1. 

 
Fig.1 Temperature dependence of the spin-lattice relaxation time T1 for Er3+ ions in YAP crystal; the solid 

line represents an exponential fit compatible with Orbach's model. 

 

[1]. I. Stefaniuk A. Matkovskii, C. Rudowicz, A. Suchocki, Z. Wilamowski, T. Lukasiewicz, Z. Galazka, Electron 

paramagnetic resonance studies of cobalt and rare-earth impurity ions in YAlO3,J. Phys.: Condens. Matter 18 

(2006) 4751–4761 doi:10.1088/0953-8984/18/19/026 

[2] I. Stefaniuk, Electron paramagnetic resonance study of impurities and point defects in oxide crystals, Opto-

Electronics Review 26 (2018) 81–91
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Wave polaritons in structures doped 

ZnO film – 6H-SiC substrate 
 

O. Melnichuk 1, N. Korsunska 2, L. Melnichuk 1, L. Khomenkova 2 

 
1Mykola Gogol State University of Nizhyn, 2 Hrafska Str., Nizhyn 16600, Ukraine. 

E-mail: mov310310@gmail.com 
2V. Lashkaryov Institute of Semiconductor Physics of National Academy of Sciences of 

Ukraine 45, Pr. Nauky, Kyiv, 03028, Ukraine. 

 

Polariton excitations on the surface and in the volume of solid bodies have recently 

attracted increasing attention due to possibility of their widespread use in the development of 

non-contact express methods for determining the optical and electrophysical characteristics of 

semiconductors and structures based on them, as well as due to the possibility of their 

application for the development of acoustic, micro- and optoelectronic devices.  

This work presents the results of an experimental and theoretical study of ATR spectra 

of wave polaritons (WP) of E- and H-types at different thicknesses of the ZnO film. The ATR 

spectra from the ZnO/6H-SiC structure were recorded using a Shimadzu IRTracer-100 

spectrometer in the frequency range of 240–4000 cm–1 using QATR-10 attachments at an angle 

of incidence of the exciting light of 45° and ATR-8000A at angles of 30°, 45°, and 60°.  

The authors obtained equations for calculating the reflection coefficient in the ATR 

spectra of the ZnO/6H-SiC structure for s- and p-polarized light in the range of excitation 

frequencies of the WP та considering the interaction of IR radiation with phonon and plasmon 

subsystems of film and substrate. Based on the quantitative analysis of experimental and 

calculated spectra, the conditions under which experimental research of E- and H-type WPs is 

possible are defined. 

The possibility of determining the refractive index and absorption coefficient, film 

thickness and other optical parameters of the two-layer structure by the method of dispersion 

analysis of ATR spectra in the excitation interval of the WP has been established. It is shown 

that the existence intervals of WP in the ZnO/6H-SiC structure consist of two areas, if there is 

one oscillator in the unit cells of the crystal lattices of the film and the substrate. The obtained 

mathematical equations made it possible to construct the spatial structure of the field of the E- 

and H-type WP.  

Theoretical studies of wave polariton excitations were also carried out using a multi-

oscillator mathematical model with an additive contribution of oscillators to the dielectric 

constant of a heavily doped ZnO film on 6H-SiC substrates at the orientations E  c and E || c 

and taking into account phonon and plasmon-phonon interaction in the films.  

The ATR spectra of WP of E- and H-types in the ZnO/6H-SiC structure were studied 

experimentally, considering the interaction of IR radiation with the phonon and plasmon 

subsystems of the film and substrate. It is shown that WPs are excited in the infrared region of 

the spectrum and are due to the presence of optical lattice vibrations and free carriers in the film 

and substrate. The conditions of WP excitation are determined, and the frequency ranges of 

their existence are indicated depending on the optical parameters and the thickness of the ZnO 

film. Differences in the ATR spectra for E- and H-types of polarization at the same thickness of 

the ZnO film are revealed. By modeling experimental spectra, the optical and electrophysical 

parameters of the film and the substrate are determined, which confirms the possibility of using 

WP spectroscopy to determination the parameters of double-layer semiconductor structures.

mailto:mov310310@gmail.com
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Magnetic Field-Induced Enhancement of Acousto-Optic 

Diffraction Efficiency in β-BaB2O4 Crystals 
 

O. Mys, M. Kostyrko, R. Vlokh 
O.G. Vlokh Institute of Physical Optics of the Ivan Franko National University of Lviv, 

23 Dragomanov Str., 79005, Lviv, Ukraine. e-mail: vlokh@ifo.lviv.ua 

 

Acousto-optic (AO) devices play a crucial role in various applications, such as optical 

signal processing, laser modulation, and beam steering. β-BaB2O4 crystals are well-known 

materials for nonlinear optic application. Such properties of beta-barium borate crystals as a 

wide range of transparency, in particular in the ultraviolet spectral range, high values of 

nonlinear susceptibilities and high damage threshold make these crystals irreplaceable for 

application in optical harmonic generation and parametric oscillation devices. Recently, it has 

been shown that these crystals can be effectively applied in acousto-optics (AO) due to the high 

value of the AO figure of merit (M2=40 × 10-15 s3/kg) [1]. However, the value mentioned above 

of the AO figure of merit is reached for the anisotropic AO diffraction. Notice that the 

anisotropic diffraction usually manifests in the high-frequency range of acoustic waves (AW), 

which needs additional tools for its reach. At the same time, the AO figure of merit for the case 

of isotropic diffraction is relatively lower (M2 = 6.3 × 10-15 s3/kg) [1]. Therefore, the following 

problem appears how to increase the AO figure of merit in the case of isotropic Bragg 

diffraction in β-BaB2O4 crystals. As shown in our works [3,4], the AO figure of merit can be 

increased by using optically active crystals or at the action of the external magnetic field. Our 

results of the studying of the enhancement of the AO diffraction in the KDP crystals reveal that 

the application of a magnetic field leads to a substantial increase in the acousto-optic figure of 

merit [5]. We have analyzed the Bragg AO diffraction in beta-barium borate crystals under the 

interaction of the eigen optical waves with circular (elliptical) polarization caused by the 

magnetic field due to the Faraday effect. It has been found that applying the magnetic field can 

essentially increase the AO figure of merit. We have revealed the essential change of the AO 

figure of merit under the action of the magnetic field for the first-fourth types of AO 

interactions with QL and QT1 AWs in the KDP crystals. The maximal change is peculiar for 

the AO interaction with the QT1 AW. In this case, the AO figure of merit increases from 

1.7 × 10-15 s3/kg at zero magnetic field to 16.5 × 10-15 s3/kg at H=106 Oe. These findings 

indicate that magnetic field improves the efficiency of AO interactions for these crystals. 

 
 [1] Andrushchak, A. S., Bobitski, Y. V., Kaidan, M. V., Tybinka, B. V., Kityk, A. V., & Schranz, W. (2004). 

Spatial anisotropy of photoelastic and acoustooptic properties in β-BaB2O4 crystals. Optical 

Materials, 27(3), 619. 

[2] Vlokh, R., Dyachok, Y., Krupych, O., Burak, Y., Martynyuk-Lototska, I., Andrushchak, A., & Adamiv, V. 

(2003). Study of laser-induced damage of borate crystals. Ukr. J. Phys. Opt., 4(2), 101. 

[3] Mys, O., Kostyrko, M., Adamenko, D., Martynyuk-Lototska, I., Skab, I., & Vlokh, R. (2022). Effect of 

ellipticity of optical eigenwaves on the enhancement of efficiency of acousto-optic Bragg diffraction. A case 

of optically active Pb5Ge3O11 crystals. AIP Advances, 12(5). 

[4] Mys, O., Adamenko, D., and Vlokh, R. (2023). Enhancement of acousto-optic diffraction efficiency in SiO2 

crystals due to ellipticity of optical eigenwaves: isotropic acousto-optic interaction. Ukr. J. Phys. Opt, 24(2), 

125. 

[5] Mys.O., Adamenko D., and Vlokh R. (2025). Effect of magnetic field on the efficiency of isotropic acousto-

optic diffraction in optically resistant -BaBb2O4 Crystals. Ukr. J. Phys. Opt, 26(1), 01023. 

mailto:vlokh@ifo.lviv.ua
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Prospects and Problems of Creating New Lasers 

Based on Heavy Metal Vapors 
 

O. Komarov,  A.M. Dobrovolskiy 

 

Institute of Physics of the National Academy of Sciences of Ukraine, Kyiv, Ukraine 

 

The inception of metal vapor lasers (MVLs) dates to 1965, when Fowles and Silfvast reported 

lasing in zinc, cadmium, and lead vapors [1][2]. Metal vapor lasers occupy a unique spectral niche 

by offering direct access to hundreds of discrete transitions across the visible and ultraviolet (224–

895 nm), wavelengths inherently inaccessible to established platforms predominantly based on Yb 

and CO2 lasers [3][4]. This broad spectral footprint enables applications requiring specific resonant 

lines, such as isotope separation, high-speed imaging and time-resolved spectroscopy, photodynamic 

therapy where precise UV or visible lines are needed, defense-related sensing or countermeasure 

development, and precision micromachining of UV-sensitive polymers. 

Meanwhile, the lasing in high-evaporation-temperature refractory metals (Mo, W, Hf, Re) and 

actinides (Th, U) has remained unrealized. Here, we present a unified theoretical feasibility study 

combining semi-classical rate-equation modeling, classical electromagnetic and Gaussian-beam 

cavity analysis, Doppler- and Stark-broadening estimates, and thermodynamic vapor-pressure 

calculations. Metal vapor is assumed to be produced with Gaussian density profiles (σ = 10% L, L = 

20 cm) and densities from 3×1014 to 3×1015 cm-3 at vapor temperatures of 500 - 1000 K. Our gain-

threshold analysis indicates that Mo and W can achieve net small-signal gain at vapor densities ≥1015 

cm-3 and temperatures of 700–750 K via strong singly-ionized transitions (Mo II 340 nm; W II 400 

nm), with predicted pump-to-laser efficiencies up to ∼10% under pulsed UV excitation. Hf and Re 

require higher densities (>3×1015 cm-3) at 600–800 K to reach feasibility through deep-UV ionized 

lines (Hf II 290 nm; Re II 360 nm). For Th and U, transient densities approaching 1015 cm-3 and 

optimized timing of ablation and pump pulses can barely support marginal lasing in Th II 350 nm and 

U II 450 nm lines at 550–700 K, but estimated conversion efficiencies remain below 3%. We identify 

key modeling gaps – absence of collisional-radiative kinetics, simplified Stark broadening, and lack 

of fluid/optical propagation coupling – that introduce ±50% uncertainty in gain predictions. 

Integrating quantum-classical PIC/CR solvers with CFD and FDTD beam modeling could reduce this 

to ±10%, bridging theory and experiment. Our results chart a clear path toward the first demonstration 

of refractory-metal vapor lasing, and set quantitative benchmarks for actinide laser development.   

 

[1] Fowles, G. R., & Silfvast, W. T. (1965). High-gain laser transition in lead vapor. Applied Physics Letters, 6(12), 236-

237. 

[2] Fowles, G., & Silfvast, W. (1965). Laser action in the ionic spectra of zinc and cadmium. IEEE Journal of Quantum 

Electronics, 1(3), 131-131. 

[3] Nemova, G. (2024). Brief review of recent developments in fiber lasers. Applied Sciences, 14(6), 2323. 

[4] Duley, W. (2012). CO2 lasers effects and applications. 
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Optical Properties of Spherical Non-Concentric Core-Shell 

Quantum Dots 
 

R. Leshko1, O. Leshko1, I. Bilynskyi2, P. Khomyn1 

 
1Department of Physics and Information Systems, Drohobych Ivan Franko  

State Pedagogical University, 3 Stryiska Street, 82100 Drohobych, Ukraine 

2 Department of Physics, Kryvyi Rih State Pedagogical  

University, 54 Universytetska Street, 50086 Kryvyi Rih, Ukraine 

 

The optical properties of spherical non-concentric core-shell quantum dots (SNCCSQDs) are 

strongly influenced by their structural asymmetry. The misalignment between the core and shell alters 

the spatial distribution of electronic wave functions, leading to modified transition energies and 

absorption spectra. This effect becomes more pronounced in smaller quantum dots (QDs), where 

quantum confinement is stronger. As a result, even slight deviations from concentricity can 

significantly affect the emission wavelength and intensity.  

Impurities inside SNCCSQD further modify their optical behavior. Depending on their 

location within the QD structure, impurities can induce localized states that either enhance or suppress 

absorption and emission processes. Additionally, their interaction with the surrounding electric field 

can lead to shifting and splitting of electronic levels. These effects provide a potential avenue for 

tuning QD optical properties through controlled doping and external field manipulation.  

An applied electric field also plays a important role in the optical response of SNCCSQDs. 

The asymmetry in charge distribution due to the displaced core results in field-dependent changes in 

exciton binding energy. This phenomenon can be exploited to modulate light absorption and emission, 

making these QDs promising candidates for optoelectronic applications. Furthermore, the direction 

and magnitude of the applied field determine whether the spectral shifts are linear or nonlinear. 

Theoretical studies confirm that spectral broadening and peak shifts correlate with the degree 

of core displacement. These findings are essential for designing advanced QD-based devices, 

including lasers, LEDs, and photodetectors, where precise control over optical properties is required. 

This study addresses these challenges by providing a detailed theoretical analysis of the optical 
properties of SNCCSQD. By calculating energy spectra and wave functions, it clarifies how structural 

asymmetry, impurities, and electric fields influence light absorption. Moreover, the results align with 

experimental data, confirming the reliability of the proposed approach for designing advanced 

quantum dot-based devices.
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Spectroscopy of the lithium tetraborate glasses doped with Tb  

and co-doped with Tb and Ag  
 

I.I. Kindrat1, A. Drzewiecki1, B.V. Padlyak2 
 

1University of Zielona Góra, Institute of Physics, 

4a Szafrana Str., 65-516 Zielona Góra, Poland 

2O.G. Vlokh Institute of Physical Optics of the Ivan Franko National University of Lviv,  

23 Dragomanov Str., 79-005, Lviv, Ukraine 

 

The spectroscopic properties of the Tb-doped and Tb-Ag co-doped lithium tetraborate 

(Li2B4O7 or Li2O–2B2O3) glasses are investigated and analysed using electron paramagnetic 

resonance (EPR), optical absorption, and photoluminescence (emission and excitation spectra, 

decay kinetics, quantum yield) techniques. The Li2B4O7:Tb and Li2B4O7:Tb,Ag glasses were 

prepared by the conventional melt-quenching method and their spectroscopic and luminescent 

properties were firstly published in [1,2]. The results of our studies [2] shown that Tb and Ag 

dopants are incorporated into the Li2B4O7 glass network in the form of Tb3+ (4f8) and Tb4+ (4f7) 

ions as well as Ag+ (4d10) ions and Ag nanoclusters (Agm
n+ centres). The Tb3+ ions, Ag+ ions 

and Ag nanoclusters exhibit characteristic photoluminescence spectra and decay kinetics [2]. 

In particular, the luminescence emission spectra of the investigated glasses in the range 

of 400 – 700 nm show numerous narrow emission bands corresponding to the 5D4 → 7FJ (J = 6 

– 0) and 5D3 → 7FJ (J = 5 – 3) transitions of Tb3+ ions. The most intense emission band of Tb3+ 

ions is centred at 541 nm and belongs to the 5D4 → 7F5 transition. This green band concentrates 

almost 60% of the total integral luminescence intensity and is a potential candidate for laser 

generation. The luminescence emission spectra of the Li2B4O7:Tb,Ag glass additionally show 

two broad weakly-resolved emission bands in the violet-green spectral range attributed to Ag+ 

ions and non-plasmonic Ag nanoclusters. Decay kinetics show ms-scale lifetimes for Tb3+ ions 

and µs-scale lifetimes for Ag centres (Ag⁺ ions and Ag nanoclusters). It was shown that the 

observed enhancement of Tb3+ luminescence intensity and quantum yield, the extension of Tb3+ 

lifetime and the reduction of Ag+ lifetime in the Li2B4O7:Tb,Ag glass are caused by the 

excitation energy transfer from Ag+ ions and Ag nanoclusters (donors) to Tb3+ ions (acceptors).  

Overall, the Li2B4O7:Tb,Ag glass is a good light-emitting material for the green spectral 

range. The main advantages of this borate glass are its simple preparation process and the 

possibility to produce large luminescent layers, which are difficult to achieve with powders and 

single crystals. On the basis of the obtained results, the possibility of applications of the 

Li2B4O7:Tb,Ag glass in laser technology is discussed.  

 
[1] Bohdan Padlyak, Witold Ryba-Romanowski, Radosław Lisiecki, Bożena Pieprzyk, Adam Drzewiecki, 

Volodymyr Adamiv, Yaroslav Burak, Ihor Teslyuk, Synthesis and Optical Spectroscopy of the Lithium 

Tetraborate Glasses, Doped with Terbium and Dysprosium, Opt. Appl. 42 (2012) 365–379. 

[2] I.I. Kindrat, B.V. Padlyak, A. Drzewiecki, I.M. Teslyuk, V.T. Adamiv, The Impact of Silver Codoping on 

Tb3+ Luminescence in Lithium Tetraborate Glasses, Luminescence (Wiley) 40 (2025) 70074.
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Estimate of critical parameters for retroreflex detection of optical 

systems in daylight conditions. 
 

A. Derzhypolskyi, L. Derzhypolska, Y. Sharlovych, A. Negriyko, S. Khodakovskyi 

 

Institute of Physics of the National Academy of Sciences of Ukraine, Kyiv, Ukraine 

 

A retoreflex, also referred to as “cat’s eye effect”, is an effect of backpropagation of 

light reflected from an object exactly or mostly in reverse path of incident light. Any optical 

system consisting of a lens and a focal plane detector possesses a retroreflective property. In 

such a system a light coming from a distant source is focused by a lens on a detector and small 

portion of it is reflected or scattered by a detector’s surface and sent back by a lens exactly 

back in the direction of the source. Despite the tiny quantity of retroreflected light, its 

brightness is orders of magnitude higher compared to regular scattering from other objects. 

Thus, a retroreflex gives great potential to detection and location of virtually any optical 

system. 

In this work described is the approach to analyze critical parameters for retroreflex 

detection of optical systems in daylight conditions. Particularly, minimum required power of 

the source and maximum possible distance of detection, and their dependance on other 

parameters of detection system and system to be detected. The peculiarity of daylight condition 

is that it is not enough for retroreflex signal to overcome detection limit of the detector. It 

should also overcome a significant daylight illumination background. So, derived is the 

formula connecting all the critical parameters of detection. Shown is that minimum required 

power of the source and maximum distance of detection are linked by 4-th power law. And 

another crucial parameter is the aperture diameter of system to be detected, which is involved 

in power of 6. Quantitative estimates calculated based on ASTM G173-03 reference spectra of 

daylight.  
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The investigations on developing solid-state elements for the dye lasers should take into 

account important effects of the solid matrices (in particular, polymers) on the dye spectral-

luminescent and photophysical characteristics, efficiency and generation properties of the 

lasers. Among the transparent polymers used for this purpose, the polyurethanes (PU) are of a 

special interest. This is due to their preparation procedure from diisocyanates and polydiols by 

means of a polyaddition reaction, which occurs without the formation of free radicals and by-

products. Such mild conditions provide prevention of the decomposition for the dye molecules. 

Moreover, since the PU are mainly flexible polymers, these materials turn out to possess 

satisfactory radiation resistance. They are also good solvents for most dyes of different classes. 

One of the main reasons for the worsening of the spectral-luminescent characteristics of 

the laser active media (both liquid and solid-state) is associates of dye molecules. Their 

presence results in luminescence quenching (light absorption is observed in the spectral range, 

shifted relative to the absorption spectrum of the molecular dye). In addition, the associates 

usually convert the energy absorbed during irradiation into heat, causing local heating of the 

medium and then the dye decay. The aim of this work is to study the mutual effects of the PU 

matrices and included dyes, in particular, the dye photostability and spectral properties. 

The PU estimated polarity parameter, which determines the level of specific 

intermolecular interactions between dye chromophores and polar groups of polymers, is found 

out to be higher than this value for the comparison matrix, polyurethane acrylate (PUA). With 

increasing polarity of the polymer matrix, specific solvation of dye molecules by the PU polar 

groups weakens electrostatic and dispersion interactions between dye chromophores, thereby 

preventing their association. This is confirmed by the absorption spectra of dyes and their 

improved photostability in the PU under irradiation by an ultrahigh-pressure mercury lamp. The 

analysis of the graphical decomposition made by the Origin software for the absorption spectra 

of the R6G xanthene dye in the PU and PUA matrices has revealed the larger monomer/dimer 

ratio for the dye molecules in the polymer of higher polarity [1]. 

No less significant role is played by intermolecular interactions between the dye and PU 

on the properties of the polymer matrix itself. According to the IR-spectroscopy data, dynamic 

mechanical analysis and electron paramagnetic resonance experiments on the PU doped with 

the xanthene dyes R6G and RB, it has been concluded that such interactions can increase the 

mobility of the PU molecule. The obtained data has shown that the lower elastic modulus and 

higher gas permeability of the polymer can cause a decrease in the induced pressure, and 

therefore, an improvement of the polymer radiation resistance [2]. 
 

[1] Bezrodna T., Bezrodnyi V., Negriyko A., Kosyanchuk L., Antonenko O. Macromolecular symposia, 

2021, vol. 396, n.1, 202000232. 

[2] Kosyanchuk L., Kozak N., Babkina N., Antonenko O., Bezrodna T., Negriyko A., Bezrodnyi V., 

Roshchin O. Current Trends in Polymer Science, 2022, vol. 22, p. 27-37.
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Control of Terahertz Laser Beam Structure  

Using Spiral Phase Plates 

M. Dubinin¹, A. Degtyarev¹, O. Gurin¹, V. Maslov¹, V. Ryabykh¹ 
1Department of Quantum Radiophysics, V. N. Karazin Kharkiv National University, Kharkiv, Ukraine 

Terahertz waves generally refer to electromagnetic radiation with frequencies in the 
range of 0.1 THz to 10 THz. These waves have unique characteristics such as high penetrating 
power, high resolving power, low ionizing power and small scattering. Due to these advantages 
terahertz waves have broad application prospects in imaging, communication and material 
characterization [1]. Among structured beams, vector beams with spatially nonuniform 
polarization enable precise focusing and enhanced resolution, as the longitudinal field 
component plays a key role in forming circular focal spots under tight focusing [2]. Another 
important class is vortex beams, which carry orbital angular momentum and are applied in 
microparticle manipulation, microscopy, metrology, and increasing communication channel 
capacity. The propagation and focusing of vortex laser beams in the terahertz range is a complex 
yet promising research area, crucial for understanding their interaction with the environment 
and enabling the formation of unique field structures such as super-dense foci, sub-diffraction 
spots, optical needles, light tunnels, and flat-top beams [3]. One of the most widely used 
elements for generating such vortex beams is the spiral phase plate (SPP), which features 
azimuthally varying thickness. 

The aim of this work is to obtain analytical expressions for describing nonparaxial 
diffraction during propagation and focusing in free space of wave beams excited by the TM01 
mode with radial polarization of the field of the waveguide resonator of a terahertz laser, during 
their interaction with a spiral phase plate. In addition, using numerical modeling, this work 
studies the physical properties of the resulting vortex beams during their propagation in free 
space and tight focusing. In the calculations the radiation wavelength was λ = 0,4326 mm, which 
corresponds to the generation line of a formic acid (HCOOH) terahertz laser with optical 
pumping. The SPP was placed at the output of the waveguide resonator and used to generate 
the investigated vortex laser beams, with topological charge values n =0,1,2. The waveguide 
and the SPP had identical diameters of 2a = 35 mm, and the lens diameter was 2a1= 50 mm. 
The focal length of the lens was F = 36.36 mm which provided the conditions for tight focusing 
(the numerical aperture of the lens was NA =a1 / F = 0.68). 

It is shown that the use of the SPP at the waveguide output with a topological charge n 
= 1 leads to a change in the beam profile during its propagation in free space from a ring-shaped 
beam to a beam having a field maximum on the axis. A subsequent change in the value of the 
topological charge (n > 1) leads to a zero value of these field components on the axis. In the 
absence of a spiral phase plate the total intensity of the beam field is determined by the radial 
and longitudinal components, whereas in its presence it is determined by all three components 
of the field. The distribution of the total field intensity in the absence of a spiral phase plate has 
a ring structure with tight focusing. At the same time a slight field intensity is observed on the 
axis due to the contribution of the longitudinal component. The total distribution of field 
intensity has a maximum on the axis and the effective beam diameter df reaches a minimum 
value of 1 mm when using SPP with a topological charge n = 1. In this case the phase 
distribution of the field components is characterized by the presence of two vortices. For the 
beam with a topological charge of n = 2 the distribution of the total intensity has a clearly 
defined ring structure and the phase distribution of the field components demonstrates the 
presence of four vortices. 
 

[1] A. Saha, A. Biswas, K. Ghosh, N. Mukhopadhyay, Optical to Terahertz Engineering. Cham: Springer, 2023. 

[2] D. Maluenda, M. Aviñoá, K. Ahmadi, R. Martínez-Herrero, A. Carnicer, “Experimental estimation of the 

longitudinal component of a highly focused electromagnetic field,” Sci. Rep., vol. 11, no. 1, p. 17992, 2021.  

[3] G. Wang, X. Weng, X. Kang, Z. Li, K. Chen, X. Gao, S. Zhuang, “Free-space creation of a perfect vortex beam 

with fractional topological charge,” Opt. Express, vol. 31, no. 4, pp. 5757–5766, 2023.
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Powerful pulsed solid-state lasers with high-energy output generation can be realized 

with lamp pumping, and such a system is little sensitive to changes in ambient temperature, 

unlike lasers with diode pumping. Lasers with passive Q-switching of the cavity are the most 

reliable. In the passive elements of Q-switches, there is no high voltage, pulse electronics, 

acoustic converters and other complex devices necessary for the control of Q-switching process. 

This work is devoted to the studies of laser passive Q-switches based on organic dyes 

incorporated to the polymer matrices. Powerful radiation action on the passive Q-switches in 

high-energy lasers is associated with a pulsed thermomechanical shock arising from the 

dissipation of the absorbed energy. Properties of the passive Q-switches on a dye-doped 

polyurethane matrix obtained from the 1.6-diisocyanatohexane, polypropylene glycol and 

trimethylolpropane have been investigated. High beam strength (≥18 J/cm2) of such a polymer 

is caused by high flexibility of its macromolecules due to the methylene chains of isocyanate 

and oligoester components. These chains contain oxygen atoms, which reduces the potential 

barrier to rotation around the –C–O– bond and, consequently, increases the flexibility of chain 

macromolecules. 

To develop the passive Q-switches, two organic dyes were proposed as phototropic 

centers in the polyurethane matrix: a metal-organic complex (bis-(4-

dimethylaminodithiobenzil)-nickel) and thiopyrylo-4-tricarbocyanine (4-[2-[2-chloro-3-[(2,6-

diphenyl-4H-thiopyran-4-ylidene)ethylydene]-1-cyclohexen-1-yl]ethenyl]-2,6-

diphenylthiopyriliumtetrafluoroborate) [1]. 

This work presents the studies of energy and temporal characteristics for a laser on a 

Nd:YAP (Nd3+:YAlO3) crystal with passive Q-switching by the elements based on the 

mentioned dyes in a polyurethane matrix. The performance of a neodymium laser has been 

tested, when the active element is placed in a samarium diffuse reflector with a highly reflective 

filler BaSO4. With a use of a polymethine thiopyrylo-4-tricarbocyanine dye in the Q-switching 

mode, a powerful single-pulse with an energy of ~1 J has been obtained. The highly efficient 

operation of the Q-switches with a polymethine dye is shown to be caused by their more optimal 

linear and nonlinear spectral properties in comparison with the widely used Q-switches on an 

organonickel complex. The generation of powerful single-pulses obtained in this work is 

possible due to a use of the original polymer matrix with high radiation strength and a 

polymethine dye with a large bleaching amplitude in nonlinear transmission. 

 
[1] Ishchenko A.A. Molecular engineering of dye-doped polymers for optoelectronics. Polym. Adv. Technol., 

2002, 13, p.744–752. https://doi.org/10.1002/pat.269
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Titanium and its alloys are most widely used for load-bearing metal implants due to 

their good tolerance by living tissues as well as their capability of osseointegration promotion 

[1, 2]. Key challenges are sub-optimal bone integration in compromised bone conditions and 

impaired trans-mucosal tissue integration in the presence of a persistent oral microbial biofilm 

[3]. The ability of the lasers to precisely change the surface features of a material and hence its 

interaction with the surroundings allows to improve the material's behaviour with biological 

systems. Depending on the laser parameters, various structures can be created, such as laser-

induced periodic surface structures (LIPSS), grooves and spikes (Fig. 1). 

Depending on the laser parameters, the obtained structures differ in roughness, 

wettability, chemical composition, photocatalytic activity, biocompatibility, and antibacterial 

properties [4]. Modification of the surface with a laser pulses of various energy values promotes 

the formation of different pattern on the surface and chemical composition of surface. X-ray 

diffraction studies showed no evidence of foreign phases. The LIPSS structures showed 

excellent properties in inhibiting bacterial adhesion, whereas groves were nontoxic and 

supported cell adhesion, growth and proliferation. The groves and spikes structures additionally 

demonstrate photocatalytic activity, what was involved with presence of oxides on surfaces. 

 
Fig.1 SEM images of laser induced surface structures with different magnification – groves (a, d, e, g, h), 

spikes (b), LIPSS (c). 

 

[1] Jemat A, Ghazali MJ, Razali M, Otsuka Y., Biomed Res Int. 2015;2015:791725. 

[2] Mouhyi J, Dohan Ehrenfest DM, Alb Albrektsson T. Clin Implant Dent Relat Res. 2012 Apr;14(2):170-83. 

[3] Diz P, Scully C, Sanz M. J Dent. 2013 Mar;41(3):195-206. 

[4] Barylyak A, Wojnarowska-Nowak R, Kus-Liśkiewicz M, Krzemiński P, Płoch D, Cieniek B, Bobitski Y, 

Kisała J. Sci Rep. 2024 Sep 9;14(1):20926.
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Properties of the multi-cascade optical systems with bending-

stressed glass elements 

D. Adamenko, I. Skab, and R. Vlokh 

O.G. Vlokh Institute of Physical Optics Ivan Franko National University of Lviv, 23 Dragomanov 

Street, 79005 Lviv, Ukraine 

This work theoretically tested the possibility of expanding the spectrum of vortex 

charges generated using multi-cascade optical systems based on bending stressed glass 

elements. The Jones matrix of the arbitrary phase retarder (PR) with thickness d, through which 

a light beam of radius R passes, has the following form [1]: 
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If F  , then this phase retarder – the bending-stressed glass element (BSGE) – is an 

analogue of the torsion-stressed LiNbO3 crystalline element (TSCE)), and all the provisions 

obtained regarding TSCE are valid for it [2]. Thus, using BSGE, four types of elementary 

cascades can be created, which allow generating optical vortices with charges +1 and –1, and 

also ensure the coordination of adjacent cascades in a multi-cascade optical system. It is 

possible to generate a vortex beam with arbitrary integer vortex charges, including zero. 

Elementar
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QWP
, QWP

 – quarter-wave plates, the fast axes of which, respectively, form angles of +π/4, 

–π/4 with the X1 axis; LP – linear polarizer, the transmission axis of which is parallel to the X2 

axis; EL and ER – the Jones vectors of the electric field of the left and right circularly polarized 

optical waves propagating along the X3 axis.  
 

[1] J. Gil and E. Bernabeu, "Obtainment of the polarizing and retardation parameters of a non-depolarizing 

optical system from the polar decomposition of its Mueller matrix," Optik, vol. 76, p. 67–71, 1987. 

[2] D. Adamenko, T. Kryvyy, I. Skab, and R. Vlokh, "Optical vortices generated in multi-cascade optical 

systems with torsion-stressed LiNbO3 crystalline elements," Ukr. J. Phys. Opt., vol. 25, p. 02099-02108, 

2024.
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We report on a study of the degradation of mechanical strength in materials induced by 

nanosecond laser pulses with high peak power. Both experimental results and theoretical 

analysis demonstrate that, under conditions of non-stationary energy exchange, the interaction 

of periodic short laser pulses with materials can lead to effective weakening of structural load-

bearing capacity with significantly reduced energy consumption. 

The effects of high-power laser radiation on materials are generally well-known: laser 

focusing on a surface can cause heating, melting, evaporation, ionization, plasma formation, 

and ablation. These regimes are widely used in material processing such as cutting, welding, 

cleaning, and nanoparticle production via ablation. Traditionally, such effects are achieved 

through tight laser focusing onto the material surface. However, for remote applications, the 

conditions differ significantly, requiring not only tailored laser sources and beam delivery 

methods but also a detailed understanding and optimization of irradiation regimes. 

We have conducted investigations into the effects of laser radiation on the strength of 

various structural materials, particularly metals. The focus was on regimes involving moderate 

heating, which, despite relatively low thermal input, result in a significant reduction in 

mechanical strength. These regimes are of particular interest due to practical constraints on the 

energy parameters of laser systems operating at large distances—hundreds of meters to several 

kilometers—from the target. 

A Q-switched pulsed fiber laser from Raycus was used, with an average power of 20 

W, repetition rate of 20–60 kHz, and pulse duration of 120–150 ns. The heating and mechanical 

strength of metallic samples (aluminum, copper and composite structures) were studied under 

fixed average power but varying pulse energy. Our findings reveal (to the best of our knowled-

ge, no prior studies have reported similar effects) that, at the same average energy of periodic 

pulsed laser radiation, the material weakening effect becomes more pronounced at lower pulse 

repetition rates and, consequently, higher energy per individual pulse. Moreover, the energy 

required to achieve this effect can be significantly reduced—by tens of percent—through 

proper selection of pulse duration and repetition rate at constant average energy flux. 

Such effects are not reported in prior studies of pulsed-periodic irradiation regimes (see, 

for example, [1]), and are particularly relevant for remote interaction with moving targets, 

where the maximum deliverable energy is severely constrained by current laser system 

capabilities and the challenges of beam propagation through the atmosphere. 

Reference: 
[1] Gladush, G.G., Smurov, I.: Physics of Laser Metal Processing. Springer Series in Materials Science, 

Vol. 139, (2011). DOI: 10.1007/978-3-642-19831-1

https://kpi.ua/
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Copper vapor lasers are powerful and versatile tool that plays an important role in 

various areas of human activity. Their relevance is due to their high efficiency, unique 

characteristics and variety of applications. 

The work presents an experimental study of the influence of metal additives on the 

output characteristics of the copper-vappour laser in order to improve its output characteristics.  

It has been established that the duration, energy, and power of laser pulses increase when 

zinc atoms diffuse into the discharge of the copper vapor laser (CVL) from a reservoir at a 

temperature of approximately 500 °C. It has been experimentally proven that the introduction 

of a zinc additives reduces the energy input by 21.5% when achieving the maximum values of 

pulse energy and power. Additional experiments and calculations give grounds to assume that 

not only the optical resonance pump with a 213.9 nm line of zinc, but also the collision of the 

second kind between zinc atoms in resonant states with copper atoms in the metastable states 

and which should be taken into account.  

It has been found that the introduction of metallic impurities of all three types (Zn, Cs, 

Ag) leads to increase in the heat transfer from electrons to the vapor-gas mixture. In turn, all 

the thermal energy concentrated in the buffer gas and atoms of copper and impurities in the 

form of energy of motion, due to the thermal conductivity, is ultimately transmitted to the inner 

wall of the discharge tube. Because of this, we will assume that its temperature Tw  will increase. 

By the way, when a copper pair is operating in optimal mode, the introduction of 

additional impurity atoms can only lead to a deterioration of generation excitation conditions. 

Indeed, at the same time, there will surely be a decrease in the temperature of the electrons 

during the current pulse, and hence the pumping efficiency. Finally, when the temperature of 

the electrons becomes less than the threshold, the generation will stop. Under conditions where 

the temperature Tw of the discharge tube is somewhat less than optimal, the introduction of the 

atoms of impurities initially gives a positive effect, as it will increase. Such an increase is 

limited by the achievement of the value of the temperature over the optimal value, and therefore 

accompanied by generation attenuation. 

A universal mechanism of influence of impurities is suggested, which can even lead to 

more expressive consequences than those caused by resonant coincidences of separate energy 

levels of the working atoms (copper) and atomic impurities.
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Laser patterning of Co-based amorphous thin films  
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Amorphous thin films based on cobalt deserve attention due to specific physical and 

chemical properties, such as enhanced corrosion resistance and improved soft magnetic 

characteristics [1]. Cobalt thin films demonstrate favorable electrical properties, including low 

resistivity and high conductivity, essential for integrated circuits (ICs) applications. For an 

efficient operation, these devices must integrate soft magnetic thin films with a certain thickness 

and pattern [2]. So, the research focuses on the studying the laser ablation process of the 

amorphous Co-based multicomponent thin film deposited on the glass substrate and 

understanding the relationships between the processing conditions and the resulting film 

properties to expand the range of applications for cobalt-based thin films.  

Magnetron sputtering of different durations was used for synthesizing multicomponent 

thin films of CoFeMnMoSiB on a glass substrate in this study. The surface structure and internal 

structure of the films were studied using X-ray and AFM methods. Film thickness was 

measured by interference microscopy.  

Laser patterning method was applied for the selective ablation of the thin film, using a 

nanopulse fiber laser with the wavelength of 1065 nm. Field emission scanning electron 

microscopy was used for studding the patterned film surface. 

 

 
Fig.1 FESEM images of laser patterned amorphous Co-based thin film 

 

 

 

[1] Alain E. Kaloyeros et al 2019 ECS J. Solid State Sci. Technol. 8 P119DOI 10.1149/2.0051902jss 

[2] Ansar Masood, P. McCloskey, Cian Ó. Mathúna, S. Kulkarni; Co-based amorphous thin films on silicon 

with soft magnetic properties. AIP Advances 1 May 2018; 8 (5): 056109. https://doi.org/10.1063/1.5007733 
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Nickel-based superalloys are typically utilized in high-temperature and high-stress 

applications due to their excellent mechanical properties, oxidation, and corrosion resistance. 

These materials are widely used in aviation, aerospace, and energy industries to manufacture 

turbine blades, complex structure heat exchangers, and combustion chamber liners, as well as 

the nozzles, ducts, and nuclear reactor components [1].  

Considering the need to improve properties in Ni-based superalloy parts manufactured 

using a laser powder bed fusion (LPBF) method, current challenges include improving the 

LPBF process and developing new post-processing methods. The LPBF parameter optimization 

and quality control of reused powder can improve material density and microstructural 

characteristics, reducing anisotropy and residual stresses in the LPBF-built parts [2]. The 

tailoring of the thermal conditions during LPBF can result in desirable phases and properties in 

the LPBF-built Inconel alloy parts [3]. Nevertheless, for critical Ni-based superalloy products 

manufactured by LPBF, post-processing is mandatory to provide the required microstructure, 

phase composition, surface roughness, and residual macro-stresses. 

In this work, the combined thermo-mechanical post-treatments (hot isostatic pressing 

(HIP), heat treatment, and mechanical surface treatment) were applied to enhance the operation 

properties of the LPBF-built Inconel 718 alloy parts. The variation in microstructure and high-

temperature performance of LPBF 718 alloy with different heat treatments and surface severe 

plastic deformation (SPD) by shot peening was compared, followed by exposure to air oxidation 

at 650 °C for 40 h. The X-ray diffraction (XRD) and transmission electron microscopy (TEM) 

studies revealed the microstructure and phase state formed after thermo-mechanical post-

processing, which provides the increased surface hardness of LPBF samples. The heat 

treatments increase the oxidation resistance of the superalloy. Further surface shot peening 

method significantly improves the oxidation resistance of superalloy owing to the accelerated 

formation of protective scales that were favored by the SPD-induced nanostructure in the near-

surface layers of LPBF samples. The corrosion resistance was also improved after the SPD 

post-processing.  
 

[1] Li K. et al.: Application of data-driven methods for laser powder bed fusion of Ni-based superalloys: A review. 

J Manuf Process 133:285–321 (2025). 

[2] Pauzon C. et al.: Impact of contour scanning and helium-rich process gas on performances of Alloy 718 lattices 

produced by laser powder bed fusion. Mater Des 215: 110501 (2022). 

[3] Mostafaei A. et al.: Additive manufacturing of nickel-based superalloys: A state-of-the-art review on process-

structure-defect-property relationship. Prog Mater Sci 136:101108 (2023).
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In the research and manufacture of semiconductor elements, devices in technological 

processes use thermal action. Duration and temperature are the main parameters of thermal 

action. A well-known technological method of thermal action uses annealing of semiconductors 

in vacuum, inert gas or components of the starting material. The result of annealing during the 

study is obtaining data on structural defects and their redistribution. The redistribution of 

structural defects is affected by the thermal gradient. 

 One of the methods for obtaining a thermal gradient ( T2 -T1 ) is heating by the action 

of continuous CO2 - laser radiation taking into account the conditions ( W/a*t )/K , where W is 

the radiation power, a is the absorption coefficient, t is the radiation exposure time, K is the 

thermal conductivity coefficient. The predominant mechanism of interaction is the absorption 

of radiation by free charge carriers and surface defects. To change the heating with approximate 

measurement of temperature by thermal and visible radiation in the process of research, a 

change in focus, scattering, preheating, etc. are used. The indicated methods are important 

components of the duration, locality of the thermal gradient. The study of structural defects in 

semiconductor materials by the given method is a sequential process of selecting the initial 

parameters of radiation, the dimensions of the studied material depending on the change in its 

initial properties during irradiation. The selection of the initial parameters of radiation is carried 

out after comparing the initial properties of the irradiated and irradiated material using known 

methods of studying the surface and bulk properties of semiconductor materials. 

Heating CO2 - with laser radiation involves obtaining a thermal gradient with and 

without evaporation of the components of the starting material. The predominant part of the 

change in the initial properties of the studied material is the surface and near-surface region. To 

establish the type of generated defects depending on the change in radiation power, locality of 

action, external conditions, and research is carried out on chipped surfaces. An additional 

analysis of generated defects is the study of the composition of evaporated components and 

films obtained under appropriate external conditions.  
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Zinc oxide (ZnO) thin films have attracted significant attention due to their exceptional 

optical, electronic, and chemical properties, which make them highly suitable for applications 

in sensors, optoelectronics, photocatalysis, and protective coatings. Understanding how 

external factors such as irradiation influence their surface and structural characteristics is 

essential for advancing the design and optimization of ZnO-based devices [1-2]. 

In this study, we investigate the effects of irradiation on the morphological and optical 

properties of ZnO thin films (Fig. 1). The analysis is based on a comparative study of irradiated 

and non-irradiated samples, using image analysis and statistical evaluation of surface 

parameters. Quantitative data derived from particle size distributions show a reduction in the 

average and maximum particle radii after irradiation, indicating the disintegration of larger 

aggregates and a transition toward a finer, more homogeneous surface morphology. Histogram 

analysis of surface images reveals a noticeable increase in surface brightness following 

irradiation, accompanied by a slight rise in overall contrast. These changes suggest 

modifications in optical reflectance and an improvement in surface uniformity, which are likely 

associated with alterations in the microstructure and defect states induced by irradiation.  

The observed modifications have important 

implications for the practical use of ZnO thin films in 

technologies where surface activity, optical properties, 

and nanoscale uniformity are critical. In particular, the 

ability to tune particle size and surface characteristics via 

controlled irradiation offers a promising approach for 

improving the performance of ZnO-based sensors, UV 

detectors, and catalytic coatings. This study contributes 

to a deeper understanding of the interaction between 

irradiation and semiconductor thin films and provides 

valuable insights into the development of advanced 

material systems for a wide range of scientific and industrial applications.  
 

[1] M. Sasani Ghamsari, S. Alamdari, W. Han, H. Park Impact of nanostructured thin ZnO film in ultraviolet 

protection. Int J Nanomedicine. 2016 Dec 28;12:207-216. doi: 10.2147/IJN.S118637. PMID: 28096668; PMCID: 

PMC5216680. 

[2] Md Abu Zobar Pulsed Laser Annealing on the Optoelectronic Properties of ZnO Thin Films. 2021, Master's 

thesis, Missouri State University. BearWorks, https://bearworks.missouristate.edu/theses/3690/.

 

Fig. 1. ZnO films obtained on 

silicon substrates  
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- Modeling of laser deposition processes;  

- Pulsed laser deposition; 

- Equipment for plume laser deposition; 

- Deposition of thin films and film structures.  
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Thin ZnNiO layers can be an effective, promising material with very good electrical, 

optoelectronic, thermal and luminescent properties [1-4]. In this work, we examine structural 

and optical properties of thin ZnNiO layers, both pure and doped with carbon and gold 

nanoparticles, obtained in different conditions. 

 

 
Fig.1 a) Reflection spectra, measured in the wavelength of 200 -2500 nm of ZnNiO thin films dopped with 

carbon and gold nanoparticles; b) XRD diffractogram for thin layers of Zn0.99Ni0.01O on Si substrate. 

 

The nature of the reflection spectra (measured in the wavelength of 200 -2500 nm) is 

close to all samples, but the reflection coefficient values depend significantly on growth 

conditions and admixture of gold or carbon nanoparticles. Values of a reflection in the VIS-

NIR area do not exceed 62% for all samples. 

To determine the crystal structure which includes the type, grain size, lattice constants or 

parameters, d spacing and FWHM X-ray diffraction can be used. ICDD (International Center 

for Diffraction Data) data no. 00-036-1451 was used for matching. An example spectrum of the 

Zn0.99Ni0.01O layer is shown in Fig. 1. The most intense reflection at an angle of about 700 2θ 

comes from the Si substrate. 
 

[1] I. Elhamdi, H. Souissi, O. Taktak, J. Elghoul, S. Kammoun, E. Dhahri, B.F.O. Costad, RSC Adv., 2022, 

12, pp. 13074–13086. 

[2] I.S. Virt, P. Potera, R. Gamernyk, B. Cieniek, Optical Materials Vol. 154, August 2024, 115643, DOI: 

10.1016/j.optmat.2024.115643 

[3] P. Potera, I.S. Virt,, B. Cieniek, Appl. Sci. 2023, 13(4), 2701; DOI: 10.3390/app13042701 

[4] I.S. Virt, R. Gamernyk, P. Potera, B. Cieniek, A. Lozynsky, ECS J. Solid State Sci. Technol. 2022, 11 

063013, DOI 10.1149/2162-8777/ac765f
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Pulsed laser deposition (PLD) has attracted much attention because of its advantage for 

fabrication of semiconductor and metal nanoparticles compared to the other physical growth 

routes. It has shown great potential in laser based material processing, including thin film 

preparation, nanocrystal synthesis, laser surface cleaning and device fabrication. 

Over the past few decades, the II-VI semiconductors low-dimensional stuctures were 

prepared by several chemical and physical routes. The advantage of the physical process for 

synthesizing II-VI based semiconductors nanoparticles (NPs) is that one can obtain materials 

with different sizes as well as with different band gaps and band gap can be tuned by varying 

size of NPs. In addition, II-VI semiconductor compounds have another functionality as a basic 

matrix for diluted magnetic semiconductors (DMSs), where a fraction of semiconductor cations 

are replaced by transition metals (3d- or 4f- elements). Dopant-carrier exchange interactions in 

the DMSs give rise to large Zeeman spin splittings of the excitonic or band states and related 

giant magneto-optical Faraday rotation. 

In the present work, experimental investigations on structural, optical and magneto-

optical properties of the member of DMS family Cd1-xMnxTe thin films and nanoparticles 

generated by PLD are reported. The target material was Cd1-xMnxTe crystal grown by the 

vertical Bridgman method. Few different contents of Mn in the grown crystals were used: x = 

0.05; 0.1; 0.25 and 0.36. The target was irradiated using a frequency-quadrupled Q-switched 

Nd:YAG pulsed laser, operating at 10 Hz with pulse width of 7 ns. Laser fluence was changed 

in range of (1-3) J/cm2. All the samples (thin films and nanoparticles) were characterized by 

XRD, transmission and scanning electron microscopy, optical absorption, photoluminescence, 

and Faraday rotation spectroscopy. The magneto-optical spectra of investigation samples 

exhibit peculiarities typical for bulk DMSs due to the strong spin-exchange interaction between 

band carriers and magnetic ions and simultaneously manifest some features because of 

confinement effects in low dimensional structures. 
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Graphene-like films are of interest for use in electronic and optoelectronic devices and 

structures. In particular, these are MWNT nanotubes, for example, made by the PLD method. 

The semiconductor nature of electrical conductivity, thermoelectric characteristics, and optical 

band gap has been established. Since the discovery of fullerenes and carbon nanotubes, there 

have been many interesting scientific and technological developments in the field of 

nanocarbon materials [1,2]. Multi-walled carbon nanotubes (MWNT) [3] are nanostructures 

with many potential applications [4,5]. In this paper, we have grown and studied the properties 

of MWNT thin films by pulsed laser deposition (PLD). 

The experimental PLD system developed and used to deposit nanocarbon layers has 

been previously described [6]. The KGd(WO4)2 laser was used – radiation characteristics: 

lamda = 1067 nm, pulse duration t = 20 ns, beam energy density 6–8 J/cm2, repetition rate 1÷0.3 

Hz. The technology module uses the Q-switch to irradiate in modulated goodness factor mode. 

The ablation of the polycrystalline MWNT targets was performed in a quartz chamber; the final 

pressure in the deposition chamber was 10-6 Pa. Carbon nanotube thin films were prepared by 

the laser ablation method by laser deposition of compressed nanocarbon (nanotubes) targets. 

Industrial nanocarbon polycrystalline MWNT powder from “Sigma-Aldrich” was used as the 

target. The target for the deposition technology was made of MWNT pressed powder. The 

dimensional parameters of the nanotubes were 6-10 nm by 2 μm. Silicon (111)-Si, glass, 

polymer, and dielectric Al2O3 substrates were used (Fig.1). The deposition temperature 

(substrate temperature) was about 200 °C.  

Therefore, it can be assumed that 

the film obtained on the glass surface 

may have a graphene-like structure. This 

physical effect is one of the methods to 

identify both the material and its 

structure. However, it is known that the 

presence of a surface film of graphene 

leads to an increase in the microhardness 

of the material. Therefore, we measured 

the microhardness on a clean glass surface and on a film surface. A graphene-like structure may 

be present on the surface of the glass.  
 

[1] S. Gupta and A. Saxena “Nanocarbon materials: probing the curvature and topology effects using phonon 

spectra”, J. Raman Spectrosc. 40, 1127, 2009. 

[2] R. Maheswaran, B.-P. Shanmugave “A Critical Review of the Role of Carbon Nanotubes in the Progress of 

Next‑Generation”, Electronic Applications Journal of Electronic Materials 51:2786–2800, 2022. 

[3] B. Cieniek, I. Rogalska, I. Stefaniuk, “Electron magnetic resonance study of multiwalled carbon nanotubes and 

carbon nanohorns”, EPJ Web of Conferences 133, 02003 1-4, 2017. 

[4] V.N. Popov “Carbon Nanotubes: Properties and Application”, Materials Sci. and Engineering- R. 43, 61, 2004.  

[5] P. De Luca, S. Candamano “Carbon nanotubes and Engelhard titanium silicates as ecofriendly adsorbent 

materials: A short revie”, Journal of Physics: Conference Series 1960, 012005, 2021. 

[6] L. Sidi Salah, N. Ouslimani, D. Bousba, I. Huynen,Y. Danlée, and H. Aksas “Carbon Nanotubes (CNTs) from 

Synthesis to Functionalized (CNTs) Using Conventional and New Chemical” Approaches Journal of 

Nanomaterials, ID 4972770, 31, 2021. 

 

 

    

Fig. 1. MWNT films obtained on: 

 a) silicon substrates; b, c) polymer 

a) b) c) 
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ZnO (zinc oxide) is a wide-bandgap semiconductor with promising applications in 

optoelectronics, photovoltaics, and sensor technologies [1,2]. The integration of ZnO films with 

silicon (Si) substrates is of particular interest due to the potential for fabricating high-efficiency 

devices combining the advantages of both materials [3,4]. This study investigates the deposition 

methods, structural properties, and potential applications of ZnO films on silicon and ZnO-Si 

heterostructures. 

ZnO films can be obtained using various techniques, including sputtering, chemical 

vapor deposition (CVD), and pulsed laser deposition (PLD). The choice of method affects the 

crystallinity, morphology, and electronic properties of the resulting films. Studies have shown 

that ZnO exhibits good adhesion to Si, although interface states and strain effects must be 

carefully managed. 

ZnO-Si heterostructures have been widely studied for their optoelectronic properties. 

The ZnO/Si interface plays a crucial role in determining device performance, particularly in 

photovoltaic applications. Experimental results indicate that optimizing the deposition 

parameters can enhance charge transport properties and reduce interface recombination losses. 

 ZnO-Si heterostructures have been extensively studied for their optoelectronic 

properties. The ZnO/Si interface plays a crucial role in determining device performance, 

particularly in photovoltaic applications. Research has shown that optimizing deposition 

parameters enhances charge transport properties and reduces interface recombination losses. 

The properties of ZnO films can be further modified by doping with elements such as 

aluminum (Al), gallium (Ga), or indium (In), improving their conductivity and transparency. 

Additionally, different substrate treatments, such as surface passivation or buffer layers, can 

enhance the structural quality of ZnO-Si interfaces. 

A critical factor in ZnO film deposition is the choice of deposition parameters, such as 

substrate temperature, deposition rate, and oxygen partial pressure. These parameters 

significantly affect the crystallographic orientation, surface roughness, and defect density of the 

films. Proper control of these conditions ensures the formation of high-quality ZnO layers with 

minimal defects and improved optoelectronic properties. 

Recent advancements in pulsed laser deposition (PLD) and atomic layer deposition 

(ALD) have allowed for the fabrication of ultra-thin ZnO films with precise thickness control. 

These techniques offer superior film uniformity and excellent interface quality, making them 

suitable for advanced nanoelectronic and photonic applications. 
 

[1] Look, D. C. Recent advances in ZnO materials and devices. Materials Science and Engineering: B, 80(1-3), 

383-387, 2001. 

[2] Özgür, Ü., Alivov, Y. I., Liu, C., et al.. A comprehensive review of ZnO materials and devices. Journal of 

Applied Physics, 98(4), 041301, 2005. 

[3] Janotti, A., Van de Walle, C. G. Fundamentals of zinc oxide as a semiconductor. Reports on Progress in 

Physics, 72(12), 126501, 2009. 

[4] Pearton, S. J., Norton, D. P., Ip, K., et al. Recent progress in processing and properties of ZnO. Progress in 

Materials Science, 50(3), 293-340, 2005. 
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The development of modern high-performance nondestructive testing methods for 

diverse structures made of composite materials is an important problem. For these purposes, 

technologies based on the interaction of different physical nature fields are widely used. Some 

of the most important parameters of diagnostic systems created on the basis of such 

technologies are the speed of the diagnostic process and the size of the surface area of the test 

object. These requirements are implemented by laser diagnostic and non-destructive testing 

technologies based on digital speckle pattern interferometry (DSPI) and shearography that use 

laser light for the detection of the surface displacement of analyzed sample under periodic 

loading or excitation. 

Here, a new method is proposed for determining the size and depth of circular planar 

subsurface defects. Such technique based on the spatial response receiving from the composite 

structure excited by piezoelectric transducer. One of the key feature of the technique is a simpler 

optical component of the developed diagnostic system, which does not include optical elements 

that form the reference wave front in interferometric systems. [1,2]. This feature is especially 

important due to the lower influence of external factors and vibrations on the diagnostics 

process, which is important when operating the system not only in the laboratory, but also in 

natural conditions. This is explained by the decorrelation between the recorded speckle fringe 

patterns in interferometric or shearographic systems that makes it impossible to detect defects 

in the displacements range of several tens of micrometers. On the contrary, the proposed 

approach allows detecting larger defects than is possible using approaches based on DSPI or 

shearography. 

The method is based on a new approach to detecting subsurface defects by producing 

dynamic speckle images (DSI) of a surface area containing a region of interest (ROI) located 

directly above the defect. After digital processing of DSI series in real time, the flaw maps are 

produced that may contain optical spatial responses (OSRs) from the subsurface defects. The 

sizes of the OSR from the defect and its form practically coincide with geometric parameters 

of the defect. Knowing the OSR dimensions, the occurrence depth of the subsurface defect can 

be evaluated with the classical plate theory [3]. For the case of a circular subsurface defect, a 

mathematical model of a thin circular plate clamped at the edge can be used [3]. According to 

the theoretical and experimental data [1-3], the OSR from such a defect can be obtained at the 

fundamental and higher resonant frequencies. By comparing the OSR spatial structure with the 

membrane modes structure, one can determine whether the resonant frequency is fundamental 

or multiple. Knowing the higher resonance frequencies allows reduce the error in determining 

the subsurface defect occurence depth, which is important for the diagnostics purposes.  

The experimental results indicate some discrepancies with the theoretical ones, which 

can be explained by inaccuracies in the planar defects fabrication, an unsuccessful location of 

the excitation source, as well as the limits of the used plate theory application. 

 
[1] Nazarchuk, Z., Muravsky, L., Kuryliak, D. (2023) Methods for processing and analyzing the speckle patterns 

of materials surfaces. In: Optical Metrology and Optoacoustics in Nondestructive Evaluation of Materials. 

Springer Series in Optical Sciences, 242. Singapore: Springer, 249–323. 
[2] Nazarchuk, Z.T., Muravsky, L.I., Kuts, O.G. (2022) Nondestructive testing of thin composite structures for 

subsurface defects detection using dynamic laser speckles. Res Nondestruct Eval 33(2):59–77. 
[3] Leissa, A.W. (1969) Vibration of Plates; National Aeronautics and Space Administration: Washington, DC, 

USA.
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Humanitarian demining is essential to restore agricultural development and increase 

safety for civilians. Development of the methods for detection and recognition of mines or other 

unexploded objects buried in the soil, especially plastic ones, is among its the most important 

tasks. The laser-acoustic method demonstrates a high probability of mine detection and a low 

level of false alarms. It consists in excitation of soil vibrations when irradiated with acoustic 

waves and measurement of vibrational characteristics of the soil using a laser Doppler 

vibrometer (LDV). The interaction of an object buried in the soil with elastic waves causes its 

vibration. Due to mechanical resonances and greater mechanical elasticity of the object 

compared to the neighboring soil, the amplitude and spectrum of soil vibrations directly above 

the object differ from that of the surrounding area. Thus, a hidden object can be detected by 

differences in surface vibrations. 

In order to assess the possibility for detection and recognition of explosive device, the 

acoustic response spectra of the soils of different types (dry and wet ordinary soil, peat, snow, 

sand) with several dummies of mines buried in up to 2 cm have been analyzed. The intensity of 

acoustic white noise on the soil surface reached 110-120 dB in the frequency range of 50-500 

Hz. A single-beam LDV was used to measure the acoustic response.  

Analysis of spectral dependencies of the amplitude of soil vibrations has shown that the 

acoustic characteristics of a soil-mine system depend on the presence of a buried object, the 

type of soil and its humidity. The oscillation frequencies of a mine and the soil with buried mine 

differed significantly. This fact should be considered when trying to recognize the mine by the 

oscillation frequency. 

 

This work was supported by the National Research Foundation of Ukraine under the 

project # 2023.04/0088.
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The present report deals with the peculiarities of photovoltage formation in perovskite 

solar cells (PSCs) under 7 ns laser pulse excitation at 532 nm wavelength. Solar cells were 

fabricated on base cesium-containing triple cation perovskite films of two type: 1) Csx (FA 0.83 

MA 0.17)(1-x) Pb(I0.83)Br0.17)3 and 2) Csx(FA0.83MA0.17)(1-x)Pb0.8Sn0.2(I0.83Br0.17)3 (see [1] for the 

detail). 

Fig.1 presents typical temporal profiles of laser pulse and transient photovoltage (TPV) 

induced across PSC sample. 
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Fig. 1. Temporal shapes of the laser 

pulse (green) and photovoltage (red) 

of the PSC. Excitation laser power 

density 0.8 mW/cm2.  

It was found that the photovoltage consist of two component, U=Uph+ Uf. The first one 

Uph is usual photovoltage arising due to electron – hole pair generation by laser radiation. The 

second one Uf is the fast component of photovoltage follows the laser pulse and has polarity 

opposite to U ph. The fast component of photovoltage is shown to arise due to the heating of 

free carriers by laser radiation [2].  

Thus, the transient photovoltage measurements made it possible to detect the 

electromotive force of hot carriers, which essentially changes the kinetics of photovoltage 

formation in the PSC exposed to laser radiation. Since the polarity of Uf is opposite that of the 

conventional photovoltage, the hot charge carriers can provide another reason restricting the 

power conversion efficiency of PSCs. 

 

 
[1] S. Ašmontas, et al., Materials 2025, 18, 85. 

[2] S. Ašmontas, et al., Appl. Phys. Lett. 2018, 113, 071103.
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 A significant drawback of all semiconductor detectors (SCD) used today in spectroscopy is 

the need to cool them to the temperature of liquid nitrogen (-146 0С) both during storage and 

operation. At present, advances in electronic materials science make it possible to use semiconductor 

single crystals, the properties of which significantly improve the parameters and application 

possibilities of SCD [1, 2]. 

Spectrometric crystals obtained under optimal conditions contain tellurium inclusions, 

structural defects, uncontrolled impurities, etc., which does not allow obtaining the necessary 

transport characteristics, lifetime and concentration of charge carriers in them, and as a result - 

optimal values of noise, energy resolution and other parameters of sensors. 

To solve this problem, it is necessary to use the methods for controlling the properties of 

crystals proposed for the first time in this paper: thermally stimulated conductivity (TSC); thermal 

field treatment (TFT); radiation treatment (RP). 

The TSC method revealed the presence of a significant concentration of capture centers Ev+ 

(0.1 ... 0.6) eV in crystals. Their existence is associated with the violation of optimal conditions for 

crystal growth and chlorine doping, and the consequence is deterioration of structural properties. 

The use of TPO reduces the concentration of above-mentioned capture centers in crystals, the 

noise level, increases resistance, stabilizes the main parameters, and as a result, makes it possible to 

increase the operating voltage of the sensor to 200 ... 300 V, improves instrumental spectra. 

The use of radiation treatment (RT) of crystals confirmed the possibility of manifestation of 

various effects in them: from changes in the density of structure defects and the concentration of 

charge carriers to the inversion of the conductivity type. 

In this paper, "ionization annealing" was discovered and used for the first time in the 

manufacture of gamma radiation sensors. This effect is manifested in the improvement of the 

structural properties of CdTe and CdZnTe crystals when irradiated with high-current pulsed electron 

beams with an energy greater than the threshold for defect generation. A model of this effect is 

proposed, confirmed experimentally. 

The advantages of CdZnTe crystals are more fully revealed when grown using the modified 

Bridgman method at high pressure (MHP): preference for a high degree of purification of the initial 

components over compensating doping, the use of a closed ampoule with excess tellurium (cadmium), 

the use of a multi-zone furnace with computer control of the temperature in the zones, doping with 

donor impurities (chlorine, indium) under conditions of excess tellurium in the crystal. The quality 

of the sensor crystals is decisive in the question of choosing the possibility of creating either a 

dosimeter or a spectrometer. Based on this principle, a generalized model of dosimetry processes 

under conditions of equilibrium of secondary particles created by gamma radiation is created in the 

work. The model allows determining the relative and intrinsic sensitivity of the sensor, the absorbed 

and exposure doses of radiation, the energy dependence of sensitivity, the energy resolution of the 

device depending on the fundamental parameters of the crystal. 

 
[1] Банзак О.В. Полупроводниковые детекторы нового поколения для радиационного контроля и дозиметрии 

ионизирующих излучений / О.В. Банзак, О.В. Маслов, В.А. Мокрицкий: Под ред. В.А. Мокрицкого, О.В. 

Маслова. – Монография. – Одесса, 2013. – Изд-во «ВМВ». – 220 с.  

 [2] Banzak O.V. CdZnTe sensors in the gamma-radiation dosimeter / O. V. Banzak, H. V. Banzak, O.I., Leschenko, K.S. 

Ganja / The 7th International scientific and practical conference “Scientific progress: innovations, achievements and 

prospects” (April 3-5, 2023) MDPC Publishing, Munich, Germany. 2023. P. 147 – 151.  
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Ni-Mn-Ga-based alloys have been the subject of extensive research due to the strong 

coupling between their structural ordering, stoichiometry, and mechanical as well as magneto-

mechanical properties [1,2]. Of particular interest is the magnetic-field-induced shape memory 

effect, first reported by Ullakko [3], which makes these materials promising for functional 

applications. While single-crystal Ni-Mn-Ga alloys are the most thoroughly investigated and 

exhibit excellent properties, their use in large-scale industrial applications remains limited due 

to high production costs and manufacturing constraints. As a result, interest has shifted toward 

polycrystalline forms, including melt-spun ribbons and powders, especially in the context of 

additive manufacturing technologies. 

This poster presents an electron magnetic resonance (EMR) study of NiMnGa and 

NiMnGaCoCu powders derived from melt-spun ribbons via mechanical milling. Line shape 

analysis and spectral simulations were performed to identify the origin of the observed EMR 

signals. 
 

[1] Zheng, Dong, et al. "Magnetostructural transformation and its multiple functional properties for Co-doped 

Ni56Mn18Ga26 Heusler alloy." Journal of Alloys and Compounds 694 (2017): 532-538. 

[2] Entel, Peter, et al. "Properties and decomposition of Heusler alloys." Energy Technology 6.8 (2018): 1478-

1490. 

[3] Ullakko, Kari, et al. "Large magnetic-field-induced strains in Ni 2 MnGa single crystals." Applied Physics 

Letters 69.13 (1996): 1966-1968. 

[4] Maziarz, Wojciech, et al. "Microstructure and magnetic properties of selected laser melted Ni-Mn-Ga and Ni-

Mn-Ga-Fe powders derived from as melt-spun ribbons precursors." Metals 11.6 (2021): 903. 

[5] Laitinen, Ville, et al. "Laser powder bed fusion of Ni-Mn-Ga magnetic shape memory alloy." Additive 

Manufacturing 30 (2019): 100891.
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We presents a study of the effects of laser radiation on the structural changes of powder 

paints using EPR spectroscopy. Samples was analysed in two stages: after a 10-minute exposure 

to semiconductor laser light (532 nm, 300 mW, CW, class 3B) and in the temperature range 

from 100 K to 500 K. The research aims to identify and evaluate the stability of paramagnetic 

centres and the optical changes occurring in the material [1]. 

Measurements were taken using a EPR spectrometer (Bruker multifrequency and 

multiresonance FT-EPR ELEXSYS E580, Bruker Analytische Messtechnik, Rheinstetten, 

Germany), operating in the X-band (9.4 GHz), equipped with a Bruker liquid Ngas flow 

cryostat with the ER 4131VT digital temperature control system. 

The use of EPR spectroscopy enables a comprehensive analysis of the effects of laser 

radiation on the structure of powder coatings. The EPR technique is expected to identify 

permanent and transient structural changes associated with defect generation, local magnetic 

field changes and morphological reorganisation of the sample [2]. 

 
Figure 1. a) EPR spectra of clean EX812865M paint sample, and after laser radiation; b) temperature 

dependence of EPR spectra of A64955 paint sample. 

 

The EPR spectrum consists of two lines, a narrow one which comes from the carbon 

components, and a broad one coming from the other paramagnetic centers, and is a composite 

of at least three lines, visible only at high temperature (around 450 K). The impact of laser light 

is evident, albeit weakly. In addition, the line coming from carbon is heavily saturated and is 

only observed at higher attenuation. 

 
[1] P. Pisiak, B. Cieniek, I. Stefaniuk, Unconventional EPR studies of powder coatings, Ochrona przed Korozją 

vol. 67, nr 9/2024 (2024) DOI: 10.15199/40.2024.9.5 

[2] J. Weil, J. Bolton, Electron Paramagnetic Resonance: Elementary Theory and Practical Applications, 2nd ed., 

Wiley, American Chemical Society (2009) DOI: 10.1021/ed086p33
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This study presents an analysis of structural and electronic changes in a layer of paint 

applied to a glass substrate, induced by laser light exposure. Initially, the sample was examined 

using Scanning Electron Microscopy (SEM) and Electron Paramagnetic Resonance (EPR) 

spectroscopy to determine its initial surface morphology and electronic properties [1]. The 

sample was then divided into two parts: one was irradiated with a red Helium-Neon (He-Ne) 

laser, and the other with a green diode laser. 

 

Fig. 1 The course of the experiment and the effects of laser radiation on the paint layer 

Following the irradiation, both parts were reanalyzed using SEM and EPR techniques 

[2]. The results revealed changes in surface structure and the presence of paramagnetic centers, 

depending on the type of laser radiation used. The conducted research provides valuable 

insights into the impact of laser light on the physicochemical properties of paint layers and may 

be applicable in the field of material diagnostics. 

 

[1] Schaaf P.: Laser Processing of Materials. Fundamentals, Applications of Materials. Springer Series in Materials 

Science. ISBN 978-3-642-13280-3. DOI 10.1007/978-3-642-13281-0 

[2] Żyłka, W. M., Cieniek, B., Skała, P. (2023). Electron Magnetic Resonance Study of the Most Sensitive Metal 

Paint Components for Degradation. Advances in Science and Technology Research Journal, 17(3), 101-109. 

https://doi.org/10.12913/22998624/164724.
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The increasing interest in Al plasmonics stems from its potential to significantly 

enhance the light field across a broad spectral range, spanning from the UV (240 nm) to the 

near-IR (800 nm) [1]. This is attributed to a substantial redshift in the plasmon extinction band 

of Al nanoparticles (NPs) as their size increases [2]. Taking into account the potential overlap 

with the "window of biological transparency" of organic living cells [3], Al plasmonics has 

proven to be highly attractive for a wide range of applications, including photodetection 

enhancement, photovoltaics, sensors, nanophotonic devices [1], as well as biophysics and 

medicine. Laser-stimulated formation of metal nanoparticles in contact with water has 

primarily been developed for noble metals (Au, Ag), which are highly relevant for plasmonics 

[4]. Due to the predominant polydispersity of the formed Al NPs, their size distribution often 

necessitates additional correction. The processes involved in the laser-stimulated formation of 

Al NPs have not been sufficiently explored, making their study an area of ongoing relevance. 

In this work, we investigate the size distribution of an ensemble of Al nanoparticles in 

a colloidal solution obtained through laser irradiation (Nd:YAG laser) of an Al target in contact 

with distilled deionized water during the initial stage of the process, and in the second stage, 

without the target, within the formed colloidal solution (CS). To ensure uniform irradiation of 

both the target and the colloidal solution, a computer-controlled system for scanning and 

mixing the CS was utilized. The combined effects of laser radiation, surfactants, and ultrasound 

on the size, distribution, and surface charge of Al NPs are demonstrated. It is found that the 

addition of 6.5% oleic acid to the CS, in combination with ultrasound, promotes the 

reaggregation of Al particles, resulting in a colloidal solution with a size distribution closer to 

monodisperse. 

 

[1] D. Gérard, S.K. Gray, Aluminium plasmonics, J. Phys. D. Appl. Phys. 48 (2015) 184001. 

https://doi.org/10.1088/0022-3727/48/18/184001. 

[2] C. Langhammer, M. Schwind, B. Kasemo, I. Zorić, Localized Surface Plasmon Resonances in Aluminum 

Nanodisks, Nano Lett. 8 (2008) 1461–1471. https://doi.org/10.1021/nl080453i. 

[3] J.L. Sandell, T.C. Zhu, A review of in‐vivo optical properties of human tissues and its impact on PDT, J. 

Biophotonics 4 (2011) 773–787. https://doi.org/10.1002/jbio.201100062. 

[4] R. Kubiliūtė, K.A. Maximova, A. Lajevardipour, J. Yong, J.S Hartley, Abu SM Mohsin, P. Blandin, J. 

WM Chon, M. Sentis, P.R. Stoddart, A. Kabashin, R. Rotomskis, A. HA Clayton, S. Juodkazis. Ultra-

pure, water-dispersed Au nanoparticles produced by femtosecond laser ablation and fragmentation, Int. J. 

Nanomedicine (2013) 2601. https://doi.org/10.2147/IJN.S44163. 
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The strength of the interaction of electromagnetic radiation with an object depends on 

the ratio between the wavelength and the dimensions of the object D. Usually the strongest 

interaction occurs when D   . But it was experimentally shown in work [1] that radiation is 

very strongly absorbed in thin conductors, the diameter of which is many times smaller than 

the wavelength. 

It was measured that about 10% of the energy of a 3 cm wavelength radiation beam was 

absorbed in a platinum wire with a diameter of 20 µm. The beam diameter was approximately 

2 cm. 

It was shown in the work [2] that the condition for maximum absorption is 

10

iD


 , 

i is the wavelength of radiation in the wire material. 

 The efficiency factor of radiation absorption in wires with a diameter of several 

micrometers in the centimeter wavelength range is several hundred. Therefore, this effect can 

be used to transmit electromagnetic radiation energy, such as laser radiation, to thin conducting 

fibers without focusing of the beam. 

 Strong absorption of electromagnetic radiation in thin conductors is also observed when 

the conductor is located along the axis of the radiation beam, although in this case the electric 

vector of the wave is perpendicular to the axis of the conductor, and it cannot excite a current. 

Here, the transformation of the incident plane wave into a Sommerfeld wave with a longitudinal 

component of the electric field occurs. 

 The experiment was worked to measure absorption in a platinum wire located along the 

axis of a CO2 laser beam with the wavelength of 10.6 μm. The length of the wire was 20 mm, 

the diameter was 20 μm. The diameter of the beam at the location of the wire was 0.3 mm, i.e. 

its cross-sectional area was 225 times greater than the cross-sectional area of the wire. The 

Temperature heating of the wire was determined by the change in its resistance. 

 The result of the experiment: the laser transferred more than 60% of its energy to the 

platinum wire and heated it to a red color. 
 

[1] V.M Kuzmichev, N.G Kokodii, B.V Safronov, V.P Balkashin. Values of the absorption efficiency factor of a 

thin metal cylinder in the microwave band. Journal of Communications Technology and Electronics. 2003, Vol. 

48, No. 11, 1240–1242. 

[2] N.G. Kokodii, A.O. Natarova, D.V. Gurina, I.O. Priz, V.O. Maslov, V.D. Karlov. Effect of anomalously strong 

absorption of electromagnetic radiation in conductive fibers. Radio Phys. Radio Astron. 2024, Vol. 29, No. 1, 76–

82. 
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Up-conversion laser-induced luminescence was used to obtain optical response when 

studying the evolution of slowly evaporating microdroplets. Liquid microdroplets functioning 

as spherical optical resonators provide unique advantages in luminescence research, particularly 

for detecting and analyzing optical phenomena at the micro- and nanoscale. Luminescent 

nanoparticles (LN) Gd2O3:Er3+ (6%) in diethylene glycol acted as optical nanoprobes in 

levitating microdroplets of a light-absorbing suspension. LN were produced by homogeneous 

precipitation. Microdroplets of diameters from 50 to 150 µm were generated by a piezoelectric 

injector from the prepared suspension at an LN concentration of 2–20 mg/ml. The levitating 

microdroplet was also backlit with a 1W red LED and its (vertical) position was observed as a 

shadow with a digital camera with a ~1.0 µm/pixel resolution [1]. 

A charged microdroplet, confined in a vertically oriented linear quadrupole trap, was 

irradiated by two copropagating along the trap axis p-polarized continuous-wave laser beams: 

805 nm (1.6 W power) for luminescence excitation; 514 nm (100 mW power) for synchronized 

light-scattering detection of cavity resonances. In order to obtain a measurable luminescence 

signal, the IR laser beam was mildly focused. 

The high-sensitivity AvaSpec-HERO spectrometer, equipped with a CCD detector 

cooled to 0°C, was used to record luminescence and scattering spectra. The detector is 

characterized by low noise and the capability for fast communication with a computer. The 

spectrometer integration time was set in the range of 0.2 to 2 seconds, which enabled accurate 

real-time measurements, even over several hours. 

During the evolution of luminescence signals, modifications to light field modes within 

the microdroplet acting as a spherical optical cavity were observed. The maximum signal 

amplitudes exhibited significant variation; however, the normalized ratio of luminescence 

intensities at two adjacent wavelengths revealed regular beat-type oscillations. Irregular 

periodicity in the time-dependent luminescence intensity profiles correlates with differing rates 

of droplet diameter reduction during evaporation [2]. 

[1] Y. Shopa, M. Kolwas, I. Kamińska et al. JQSRT, 108439, (2023). 

[2] Y. Shopa, M. Kolwas, D. Jakubczyk et al. J. Phys. Chem. C, (2025).
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The rapid development of photonics continues to drive the search for new materials with 

nonlinear optical properties suitable for controlling and transforming light beams. Noble metal 

nanoparticles are known for their strong nonlinear susceptibility in the region of surface 

plasmon resonance. As a result, creating composite materials that combine traditional nonlinear 

optical crystals or glasses with metallic nanoparticles is emerging as a promising direction in 

quantum materials science. Due to their nonlinear optical characteristics, such materials hold 

great potential for use in optical computing, beam control systems, and other photonic devices. 

This, in turn, necessitates the development of sensitive and versatile experimental methods for 

investigating optical nonlinearity. One such method is the Z-scan technique, which involves 

recording changes in the amplitude and phase of a focused Gaussian beam as the sample is 

gradually translated along the optical axis in the beam waist region.[1] 

This study presents an experimental setup for automated Z-scan measurements, based 

on an optical system that includes a visible-range laser, focusing optics, a mechanism for 

translating the sample along the axis of the focused laser beam, and photodetectors for both the 

main beam transmitted through the sample and a portion of the background laser signal. 

Methods for eliminating temporal instability of the laser output and correcting beam 

inhomogeneity effects are discussed. The setup also includes custom hardware and software 

components, such as an Arduino-based controller for automated sample positioning and data 

acquisition, and a desktop application for equipment control, experiment configuration, and 

visualization of results in the form of transmission curves. 

The results demonstrate the high sensitivity of the developed experimental setup 

(~λ/300) to variations in the phase front of the incident beam. The accuracy in determining the 

parameters ∆Φ₀, n₂, and β was within 5%, confirmed by test measurements on reference samples 

with known properties. The setup provides a flexible and reliable means for investigating 

optical nonlinearity in nanomaterials, as well as in organic and hybrid media. Future 

enhancements will focus on enabling EZ-scan [2] and pump–probe [3] spectroscopy 

configurations. 
 

[1] M. Sheik-Bahae, A. A. Said and E. W. van Stryland, "High-sensitivity, single-beam n₂ measurements," 

Optics Letters, vol. 14, no. 17, p. 955–957, 1989. 

[2] T. Xia, D. J. Hagan, M. Sheik-Bahae and E. W. van Stryland, "Eclipsing Z-scan measurement of λ/10⁴ 

wave-front distortion," Optics Letters, vol. 19, no. 5, p. 317–319, 1994. 

[3] G. Khitrova, P. R. Berman and M. Sargent III, "Theory of pump–probe spectroscopy," Journal of the 

Optical Society of America B, vol. 5, no. 1, p. 160–170, 1988.
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Spatial parameters of a laser beam, such as the waist radius and its location, play a key 

role in the design of laser transmission systems or its visualization in various practical 

applications. Since the beginning of the laser era, many specific methods for measuring these 

spatial parameters have been developed, but their improvement continues at present [1-4]. The 

main goal of ongoing developments is to increase the accuracy and speed of measurements 

while reducing the cost of their implementation. 

Most of the known methods, including the current international standard ISO 11146-

1/2/3:2021 [5-7], rely on measuring the diameters of the laser beam in various sections along 

the optical axis of the beam. It is necessary to carry out several dozen measurements on both 

sides of the waist plane. The labor intensity of such a measurement process is quite high, and 

the accuracy for modern applications is usually insufficient. In addition, the laser beam waist is 

often not available for direct measurements in practice, and the formation of an artificial waist 

recommended by the ISO standard introduces additional error. 

The interferometric method for measuring the spatial parameters of a laser beam is one 

of the most promising [8]. The use of a shear interferometer, which splits the original laser beam 

into a reference and an information beam, makes it possible to obtain a non-localized spatial 

interference field. The parameters of the formed interference field contain information about 

the parameters of the laser beam. The period of the interference fringes observed in any section 

of the spatial interference field makes it possible to calculate the location of the beam waist 

relative to the section used using the formulas of Gaussian optics. The method under 

consideration allows to increase the accuracy of measuring the location of the laser beam waist, 

as well as to reduce the labor intensity of the measurement process. 

 
1. E.H.A. Granneman and M.J. van der Wiel, “Laser beam waist determination by means of multiphoton 

ionization”, Rev. Sci. Instrum., 46, 332-333 (1975) 

 https://doi.org/10.1063/1.1134202 

2. J.T. Luxon, D.E. Parker, and J. Karkheck, “Waist Location and Rayleigh Range for Higher-Order Mode Laser 

Beams,” Appl. Opt. 23, 2088 (1984). 

 https://doi.org/10.1364/AO.23.002088 

3. Y. Wang, Q. Wang, and C. Ma, “Factors affecting the accurate measurement of laser beam width with CCD 

camera,” Chinese J. Lasers 41, 0208002 (2014).  

 https://doi.org/10.3788/CJL201441.0208002 

4. J. Zeng et al, “Determination of the waist location for the Gaussian beam based on second harmonic 

 generation of monolayer MoS2 “, 2019 IOP Conf. Ser.: Mater. Sci. Eng. 490 022059 

 DOI: 10.1088/1757-899X/490/2/022059 

5. ISO 11146-1:2021 “Lasers and laser-related equipment: — Test methods for laser beam widths, divergence 

angles and beam propagation ratios — Part 1: Stigmatic and simple astigmatic beams”  

6. ISO 11146-2:2021 “Lasers and laser-related equipment: — Test methods for laser beam widths, divergence 

angles and beam propagation ratios — Part 2: General astigmatic beams”  

7. ISO/TR 11146-3:2004 “Lasers and laser-related equipment: — Test methods for laser beam widths, 

divergence angles and beam propagation ratios — Part 3: Intrinsic and geometrical laser beam classification, 

propagation and details of test methods”  

8. V.A.Maslov, K.I. Muntean, “Interferometric Locating the Waist of a Laser Beam,” East European Journal of 

Physics, 4, (2024), 386-392.  

 https://doi.org/10.26565/2312-4334-2024-4-45 
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Recently the subject of intensive researches is to obtain the semiconductor structures 

with self-assembled nanoclasters by methods of molecular beam epitaxy, ion implantation and 

under the influence of laser irradiation, and also possibility of controlling their physical 

properties. The purpose of this work is research on the initial states the conditions of formation 

of the surface structures of adatoms and their periods in the semiconductor under the influence 

of laser irradiation depending on temperature and doping degree. In this work, temperature 

regimes and influence of degree of a doping of GaAs semiconductor on formation of periodic 

nanometer structures of adatoms and their periods under the influence of laser irradiation are 

investigated. 

In addition to instability in the system of adatoms, appearing due to their interaction via 

the mechanical deformation field, an additional instability caused by the self-consistent 

electron– deformation interaction appears. Periodic deformation appearing on a semiconductor 

surface leads to modulation of the bottom of the conduction band, hence, to electron-density 

modulation. As a result, a nonuniform electric field arises, which cause nonuniform 

displacements of lattice sites, hence, a change in the SAW amplitude. During defect self-

organization in semiconductor structures, there is an important question: are adatoms neutral or 

ionized donors (acceptors)? In the latter case, the interaction of ionized adatoms with an internal 

electric field induced due to their periodic spatially inhomogeneous redistribution should also 

be taken into account. 

The theory of nucleation of nanoclusters on n-GaAs surface under the influence of laser 

irradiation which considers the doping degree of the semiconductor with donor impurities is 

developed. Within this theory the temperature ranges of the formation of periodic defect 

structures on n-GaAs surface depending on concentration of donors and intensity of laser 

radiation (concentration of the adsorbed atoms) are established. It is shown that the increase in 

the degree of a doping of the semiconductor expands temperature ranges in which the formation 

of periodic defect structures is possible. The regularities of the influence of temperature at 

various values of the concentration of donors for the period of the surface defect-deformation 

structures of the adatoms in GaAs semiconductor are determined. 

Exterior influence (laser exposure, the irradiation by beams of particles etc.) creates high 

concentrations of dot defects (an interstitial atoms and a vacancy) in solid states. The interaction 

of dot lattice defects with self-consistent deformation field, caused by dot defects, results in a 

formation of ranked defect-deformation (DD) structures: clusters and periodic structures. The 

reason of the appearance of non-uniform deformation, which results in local change of the band 

spectrum, is the presence of DD-structures. As a consequence, the spatial redistribution of 

electrons takes place, which gives birth to the electrostatic potential.
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In this work, using modern machine learning methods and neural networks, we have 

developed a framework [1] for predicting the formation energy of various types of defects and 

their impact on the electronic properties of materials on the example of graphene quantum dots 

(GQDs). The computational framework is based on the universal interatomic interaction 

potential Orb-v3 [2], which combines the high accuracy of quantum mechanical methods with 

the computational efficiency of empirical force fields. 

The focus was made on the three main types of defects: monovacancies, divacancies, 

and Stone-Wales defects (formed by a 90° rotation of the C-C bond, which leads to the 

reconstruction of the hexagonal lattice with the formation of two pentagons and two heptagons). 

Our calculations show that the defect formation energy significantly depends on their position 

in the quantum dot. Analysis of the formation energy maps demonstrates a heterogeneous 

distribution of this quantity (Fig. 1). An important observation is that armchair edges 

demonstrate greater stability compared to zigzag edges. This is manifested in lower values of 

the vacancy formation energy at armchair edges. This result is consistent with experimental 

data obtained using AFM and STM methods in literature, and explains the preferential 

formation of armchair edges during the growth of graphene structures. 

 
  

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Distribution of the energy of formation of monovacancies, which clearly demonstrates the difference 

between the energetically less favorable positions in the center (4-6 eV) and the energetically favorable ones at the 

edges (0-2 eV) (left); and distribution of the energy of formation of divacancies with visualization of the hexagonal 

structure of graphene, where the maximum energy values (8-10 eV) are observed in the central part of the structure, 

and the minimum (0-2 eV) are observed at the edges, especially of the armchair type (right). 
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Phase retrieval for arbitrary complex-valued 

objects using unipolar amplitude binary masks 
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In [1] it is shown that two intensity patterns recorded in the Fresnel or Fraunhofer 

diffraction plane when two random unipolar binary amplitude masks, one directed and one 

inverted to it, are sequentially applied to the object, are sufficient to reconstruct the field of an 

arbitrary complex object with an accuracy up to constant phase. The results of model experiments 

using modified ER and HIO algorithms confirmed the effectiveness of the method. 

The use of a random phase scatterer in the object plane together with amplitude binary 

masks, in some cases, allows to increase the accuracy and speed of iterative calculation when 

reconstructing the field of complex objects. In this work we compares two methods for finding the 

optimal scatterer when solving the phase problem using modified, according to [1], ER, HIO and 

RAAR algorithms of alternative projections. In known works on the phase problem, the optimal 

scatterer is usually selected from a set of scatterers of a given type, generated in the phase range 

(0,2pi). We propose a method for finding the optimal scatterer by simply changing the phase range, 

with a given step in the interval from 0 to 2pi, of a single scatterer of a given type. 

Numerical experiments show that both methods compete with each other in terms of 

calculation accuracy depending on the type of object to be reconstructed. The experiments were 

performed for various types of synthesized objects using modified ER, HIO and RAAR algorithms 

for both methods of selecting a scatterer. 

In Fig. 1 shows ‘electron density’ of a 2D crystal reconstructed from the known modulus 

of its Fourier spectrum. The crystal was modeled on a 512x512 pixel grid with an oversampling 

ratio σ = 2.41 and consisted of 15x15 cells. 

 

 

 
 
 
 
 

 
 
 
 

Fig. 1. Fragment of the restored ‘electron density’ of the crystal with defects after 300 iterations 

of the modified RAAR algorithm [2]. The density of the unit cell with a size of 22x22 pixels and 

6x6 randomly distributed `atoms'. 
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Application of holmium laser in lithotripsy of urinary stones  
 

A.E. Loskutov, V.M. Irodenko, O.B. Pryima, M.V. Bosak 
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Keywords: urolithiasis, contact lithotripsy, holmium laser, disintegration of 

concrement. 

 Introduction: urolithiasis ranks 2nd place in the structure of urological diseases, 

accounting for 30-45% of patients in the urological contingent. In the world, urolithiasis is a 

common disease. It affects 0.5-5.3% of the population, depending on the region of residence. 

An important stage in the treatment of these patients is the crushing of concrements - their 

disintegration and elimination of concrement grains from the urinary tract to the outside. The 

“gold standard” in the removal of urinary stones is minimally invasive endoscopy with contact 

lithotripsy.  

Materials and methods: laser lithotripsy was used with a holmium laser, the «Cyber 

Ho» device, with a maximum power of 60 W and a wave length of 2100 nm. For lithotripsy of 

urinary stones, 35 W of radiation power was used in a pulsed mode with a pulse duration of up 

to 1900 microseconds. During the period 2022-2024, 568 surgical interventions were performed 

in 547 patients at the Truskavets City Hospital of the TMR. Among the interventions were: 

208-percutaneous nephrolithotripsy (PCNL), and in 1/3 of them - mini-PCNL; 280-

ureterolithotripsy, 80-cystolithotripsy. The age of the patients was 18-86 years, the ratio of 

female and male sex was 1.5:1.  

Results: the effect of disintegration of the stone was achieved in 97% of cases after a 

single surgical intervention. Only 3% of patients with large stones and coral-like stones required 

repeated intervention. Fragments of the stone in the form of grains of sand independently passed 

away within 2-3 weeks after the intervention. The duration of the operation was 30-120 min., 

mostly 40-50 min. Among the postoperative complications, we encountered a pronounced 

inflammatory process of the urinary tract in 30% of patients, subcapsular hematomas in 0.5%. 

The frequency of stone recurrence is comparable to those with other treatment methods. 

Conclusions: 1. Laser contact lithotripsy is an effective method of removing urinary 

stones. 2. Minimally invasive endoscopy and laser lithotripsy allows you to remove urinary 

stones of any size and density. 3. This method of treatment allows you to reduce the bed-day of 

such patients to 3-4. 4. The number of complications with laser lithotripsy is insignificant 

compared to other treatment methods. 
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