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28 September, Monday    

09:00-09:30 Registration of conference participants 

 

09:30-10:30 
Session dedicated to 90-year jubilee  
of academician Radik Martirosyan 

 

 

Microwave & THz Technologies (MW-I) 
 

Chairman: Dr. Tigran Zakaryan 

 

10:30-11:00 
Invited talk: Robert Minasian 
(Sidney University, Australia) 

Integrated microwave photonic signal 
processing & sensing 

11:00-11:20 
H. Baghdasaryan, T. Knyazyan,  
T. Hovhannisyan, M. Marciniak, 

T. Baghdasaryan 

MW1 Epsilon-Near-Zero (ENZ) Dallenbach-
type optical absorber: wavelength-scale 
electromagnetic analysis 

11:20-11:40 
V. Gareyan, Zh. Gevorkian MW2 Novel method for relativistic particle 

detection using photonic crystals 

11:40-12:00 
S. Gomtsyan, B. Badalyan, 
H. Gomtsyan, M. Azoyan 

MW3 Signals and images processing with 
improved wavelet-functions 

12:00-12:20 

H. Martirosyan, A. Aharonyan,  
M. Markosyan, M. Martirosyan,  
M. Karapetyan, A. Petrosyan, 

A. Zargaryan 

MW4 Design and development of radar 
system modules for counter-unmanned aircraft 
system (C-UAS) detection systems 
  

12:20-13:30                                                               Lunch 
 

 

Microwave & THz Technologies (MW-II) 
 

Chairman: Prof. Arsen Babajanyan 

 

13:30-13:50 H. Manukyan, N. Nazaryan, 
N. Babajanyan, A. Movsisyan, 
T. Abrahamyan, A. Babajanyan 

MW5 Numerical investigation of stress-
induced birefringence and polarization 
evolution under RF excitation 

13:50-14:10 H. Shahinyan, T. Sargsyan, 
A. Babajanyan 

 

MW6 Multi-wavelength electromagnetic and 
optoelectronic detection of compact stars: 
implications for equation-of-state constraints 

14:10-14:30 A. Movsisyan, N. Nazaryan, 
T. Abrahamyan, A. Babajanyan, 

K. Nerkararyan 

MW7 High-Q resonances in cambric-coated 
metallic rod structures in rectangular 
waveguides: numerical and experimental study 

14:30-14:50 A. Makaryan, T. Hovhannisyan,  
S. Sarkisyan, B. Hovhannisyan,  

D. Tumanyan 

MW8 Broadband biconical circular horn 
antenna 
 

14:50-15:10 Yu. Avetisyan, D. Baghdasaryan, 
A. Kirakosyan, A. Makaryan, 
Yu. Sahakyan, V. Tadevosyan 

MW9 Generation of narrowband terahertz 
pulses in plane-parallel GaAs crystal with 
artificial sign modulation of nonlinear 
susceptibility 

15:10-15:30 A. Sargsyan, N. Davtyan MW10 Advanced design and theorical analysis 
of a reconfigurable spherical reflector antenna 
terminal for 5G and NGN mobile networks 

15:30-16:00                                                         Coffee break 
16:00-17:30                                                        Poster session 



29 September, Tuesday 

 

Microwave & THz Technologies (MW-III) 
 

Chairman: Dr. Hovhannes Haroyan 

 

10:00-10:20 H.Haroyan, H. Kashanyan MW11 Tunable terahertz bandpass filter based 
on bilayer metasurface 

10:20-10:40 A. Stepanyan, M. Hakobyan,  
A. Harutyunyan, H. Haroyan,  

A. Hakhoumian 

MW12 Gain enhancement of X-band microstrip 
patch antenna using a hemispherical dielectric 
resonator  

10:40-11:00 S. Eyramjyan, G. Hovsepyan,  
G. Sughyan, N. Gasparyan,  

M. Mnatsakanyan, T. Manukyan,  
S. Melkonyan 

MW13 Design of an FPGA-based wideband 
scalable SDR platform for digital beamforming 
applications 

11:00-11:20 A. Makaryan, E. Sivolenko,  
T. Hovhannisyan, B. Hovhannisyan 

 

MW14 Statistical assessment of nicotine-
related changes in electroencephalographic and 
megahertz-range signals 

11:20-11:40 E. Sivolenko, A. Hakhumian,  
N. Gasparyan, L. Gevorgyan,  

R. Ivanov 

MW15 An OFDM waveform for joint primary 
surveillance radar sensing and digital 
communication on a software-defined radio  

11:40-12:00 V.Kalantaryan, R.Ghazaryan, 
G.Ananyan, N.Karapetyan, 

L.Soghomonyan, Y.Babayan          

MW16 Violation of the molecular structure of 
intracellular water as a possible cause of 
carcinogenesis and its suppression by extremely 
low-power microwaves  

12:00-13:00                                                               Lunch 

 

 

 

 
Semiconductor and dielectric materials, 

electronic and optoelectronic devices (EL) 
 

Chairman: Prof. Stepan Petrosyan 

 

13:00-13:30 Invited talk: Levon Asryan 
(VT, Blacksburg, USA) 

EL1 Operating characteristics of quantum dot 
lasers with double asymmetric barrier layers: 
Critical dependence on the parameters of the 
structure 

 
 
 
 

13:30-14:00 
 
 

Invited talk: Apet Barsegyan (Integra Technologies, Inc., USA) 

G. Formicone, J. Custer, A. Barsegyan, 
N. Poghosyan, V. Mkhoyan, 

V. Harutyunyan, H. Zakaryan,  
R. Miroyan 

EL2 L-band 1600 Watt pulsed power GaN-on-
SiC transistor operating with 100V drain bias 
intended for radar applications 

G. Formicone, J. Custer, A.Barsegyan, 
N. Poghosyan, A. Barseghyan,  

A. Margaryan, Kh. Palanduzyan,  
P. Avetisyan 

EL3 L-band 2400 Watt pulsed power GaN-on-
SiC transistor operating with 75V drain bias 
intended for avionics applications 

14:00-14:20 S. Petrosyan, A. Khachatryan,  
P. Petrosyan  

 

EL4 Mono- and few- layers of WS2 grown on a 
flexible polyimide substrate by pulsed laser 
deposition 

14:20-15:00                                                          Coffee break 



15:00-15:20 S. Petrosyan, A. Khachatryan, 
B. Hovsepyan, I. Volchkov, 
I. Doludenko, V. Kanevsky, 
A. Stanchik, V. Gremenok  

EL5 Control of structural and morphological 
properties of CdTe thin films by selecting the 
radiation wavelength in the pulsed laser 
deposition method 

15:20-15:40 S. Petrosyan, A. Musayelyan,  
A. Tokmajyan, V. Gremenok,  

A. Stanchik 

EL6 Dependence of microstructural and optical 
properties of CdS thin films, fabricated on 
flexible polyimide substrates by chemical 
deposition, on electrolyte composition 

15:40-16:00 P. Petrosyan, L. Grigoryan,  

S. Petrosyan, A. Arabachyan,  
A. Simonyan, M. Yeranosyan 

EL7 Synthesis and characterization of carbon 
nanotube reinforced perlite glass-ceramic 
nanocomposite 

16:00-16:20 G. Ayvazyan, H. Dashtoyan,  
B. Hovsepyan, S. Khudaverdyan,  
A. Musayelyan, L. Matevosyan 

EL8 Post-deposition evolution of structural and 
optical properties of CsPbBr3 perovskite films 
prepared by vacuum thermal evaporation 

19:00                                                           Gala dinner 

 
 
30 September, Wednesday 
 

 
10:00-12:00 

Visit to Institute of Radiophysics and Electronics, Ashtarak, Armenia 
Round table discussion on the results of the conference  

Closing of IRPhE’2026 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Poster Session 
E. Sivolenko, N. Gasparyan, A. Hakhumian,  

B. Hovhannisyan, M. Barseghyan 

P_MW1 Restoration and diagnosis of sinusoidal 

signal parameters using wavelet transform 

E. Sivolenko, A. Hakhumian, N. Gasparyan,  

M. Barseghyan, R. Ivanov 

P_MW2 Transmitter recognition via signal parameter 

extraction and AI-based classification 

M. Azoyan, H. Gomtsyan, B. Badalyan  P_MW3 Microwave signal frequency conversion 

mechanism 

V. Kalantaryan, R. Ghazaryan, N. Karapetyan,  

G. Ananyan, Yu. Babayan, L. Soghomonyan 

P_MW4 The effect of modulated millimeter 

electromagnetic waves of non-thermal intensity on 

the physical properties of aqueous DNA solutions 

V. Harutyunyan, A. Makaryan, M. Mkrtchyan 

 

P_MW5 Analysis of the impact of electromagnetic 

radiation with complex spectral composition on 

nonlinear electronic systems 

V. Mkhoyan P_MW6 Capacitive sensor design for biosignal 

measurement 

T. Hovhannisyan, A. Makaryan, V. Mekhitaryan, K. 

Mirzoyan, S. Sarkisyan, H. Vardanyan 

P_MW7 Ultra-wideband coaxial horn antenna for 

radially polarized radiation 

K. Malkhasyan, A. Sargsyan  P_MW8 Mobility-aware radio control of a 

reconfigurable spherical-reflector antenna terminal 

under training and reconfiguration overhead 

M. Mkrtchyan, A. Makaryan, 

V. Harutyunyan, T. Hovhannisyan 

P_MW9 Microwave loop antenna 

 

H․ Vardanyan, A․ Hakhumian P_MW10 TEM-to-TM₀₁ mode converter in a circular 

waveguide for application in radio links 

N. Hambardzumyan, A. Sargsyan P_MW11 Solar-induced thermoelastic contribution 

to the surface-error budget of the ROT-54/2.6 

spherical reflector 

A. Asatryan, N. Poghossian,  

M. Aghayan 

P_MW12 Dielectric permittivity of photoactive 

polymers in 1 kHz-1 MHz AC field 

H. Martirosyan, L. Arshakyan P_MW13 Registration of cardiac radio signals and 

their investigation using statistical analysis 

N. Poghosyan, T. Zakaryan,  

H. Babayan, S. Sargsyan 

P_MW14 A simple algorithm for effective 

suppression of antenna pattern sidelobes 

S. Martirosyan, J. Torikyan 

 

P_EL1 Calculation of the Schmitt trigger, inverse 

problem, new peculiarities 

A. Stanchik, V. Gremenok, P. Hryhal,  

S. Petrosyan, A. Musayelyan, 

S. Utamuradova, K. Fayzullaev 

P_EL2 The Cu2NiSn(S,Se)4 thin films for the 

production of flexible solar cells: synthesis and 

characterization 

V. Rakitin, M. Gapanovich,  

E. Rabenok, A. Stanchik 

P_EL3 Effect of annealing on the lifetimes of current 

carriers in AgxCu1-xGaSe2 (0 ≤ x ≤ 1) 

A.A. Kuzanyan, V.R. Nikoghosyan,  

L.G. Mheryan, A.S. Kuzanyan  

 

P_EL4 Modeling of heat propagation processes in a 

thermoelectric single-photon sensor with an SiO2 

antireflection layer  

A.A. Kuzanyan, V.R. Nikoghosyan,  

L.G. Mheryan, A.S. Kuzanyan  

P_EL5 Four-layer thermoelectric single photon 

detection pixel 

M. Grigoryan, N. Yezakyan P_EL6 Smart traffic lights control system 

N. Yezakyan, K. Mirzoyan,  

S.Sargsyan, L. Madosyan 

P_EL7 System for operative measurement of voltage 

induced in objects moving with acceleration 

L. Hovakimian P_EL8 On the Friedel phase shift sum rule for two-

dimensional electron systems 

L. Hovakimian P_EL9 On a necessary condition for the existence of 

a bound state with a given binding energy 

R. Khachatryan, A. Babajanyan P_EL10 Enrichment of dimethyl sulfoxide (DMSO) 

with silver (Ag) nanoparticles  

via laser ablation using a Nd:YAG laser 
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Integrated microwave photonic signal processing and sensing 
           

 

Aram Robert Minasian 

            
The University of Sydney, Australia 

 

 

 

       Integrated microwave photonics with deep learning techniques offer powerful new paradigms for 

signal processing and sensing systems. Advances, including LIDAR on-a-chip with neural network 

assisted beamsteering and high-resolution integrated microwave photonic sensors that exploit 

machine learning and deep learning techniques to significantly enhance performance, are presented. 

The sensors invove microwave photonic sideband processing techniques, and are based on both 

frequency-domain and time-domain interrogation schemes. The microwave photonic sensors assisted 

by deep learning techniques offer enhanced sensing capabilities, including athermal sensors with high-

resolution operation, resistance to noise and interference, while exhibiting compactness, cost-

effectiveness, and scalability. These microwave photonic processors herald new capabilities for 

achieving high-performance signal processing and sensing. 

 

 

 

 

 
 



 

IRPhE’2026 MW1 

 

Epsilon-Near-Zero (ENZ) Dallenbach-type optical absorber: 
wavelength-scale electromagnetic analysis 

 
H. Baghdasaryan1, T. Knyazyan1, T. Hovhannisyan1, 

M. Marciniak2, Life Senior Member IEEE, T. Baghdasaryan3 

 
1National Polytechnic University of Armenia, 105, Terian Str., 0009 Yerevan, Armenia  

2 National Institute of Telecommunications, Szachowa 1, 04-894 Warsaw, Poland 
3Vrije Universiteit Brussel (VUB), Pleinlaan 2, 1050 Elsene,Belgium 

 

We conducted the wavelength-scale electromagnetic analysis of the phenomenon of effective 
absorption of electromagnetic wave in a Dallenbach-type optical absorber, which consists of a bilayer 
structure comprising an absorbing material of epsilon-near-zero (ENZ) permittivity deposited on a 
metallic layer. The hypothetical absorbing material with the permittivity less than unity and specific 
thickness permitted to obtain conditions of effective absorptance of electromagnetic wave energy. The 
thicknesses of metallic layer and absorbing ENZ permittivity material are chosen in the result of the 
wavelength-scale electromagnetic analysis. The thickness of the absorbing ENZ permittivity layer is of 
order of the wavelength of the wave incident on the structure. The lower the permittivity of the ENZ layer 
(while remaining positive), the smaller the thickness required for effective absorption. The reason of 
strong absorption of electromagnetic wave in the ENZ layer is the enormous increase the amplitude of the 
electric field component compared to the magnetic component [1-3]. We used the frequency-domain 
method of single expression (MSE) for the performed wavelength-scale electromagnetic analysis [4,5]. 
The results of the analyzed ENZ Dallenbach-type optical absorber may find applications in the 
development of advanced radar, telecommunication and solar energy systems [6].  
 
References 

 

[1] H. V. Baghdasaryan, T. M. Knyazyan, T. T. Hovhannisyan, et.al., Metal-dielectric multilayer structure 

imitating epsilon-near-zero (ENZ) metamaterials: wavelength-scale electromagnetic analysis by the 

method of single expression. IRPhE 2024, Hybrid Conference, Yerevan, Armenia, IET, pp. 57-60, 2024.      

https://doi.org/10.1049/icp.2025.0995 

[2] H. Baghdasaryan, T. Knyazyan, T. Hovhannisyan, M. Marciniak and T. Baghdasaryan, Fabry-Perot 

Microcavity with Epsilon-Near-Zero (ENZ) Spacer: Wavelength-Scale Electromagnetic Analysis, 2025 

International Workshop on Fiber Optics in Access Networks (FOAN). Szczecin, Poland, 2025, pp. 1-4.  

https://doi:10.1109/FOAN66962.2025.11189120 

[3] H. V. Baghdasaryan, T. M. Knyazyan, T. T. Hovhannisyan, M. Marciniak and T. Baghdasaryan, Origins 

of Specific Absorptance in Thin Film Epsilon-Near-Zero (ENZ) Metamaterials: Wavelength-Scale 

Electromagnetic Analysis. 2025 25th Anniversary International Conference on Transparent Optical 

Networks (ICTON), Barcelona, Spain, 2025, pp. 1-4. https://doi:10.1109/ICTON67126.2025.11125386 

[4] H.V. Baghdasaryan, T.M. Knyazyan, Problem of Plane EM Wave Self-action in Multilayer Structure: an 

Exact Solution. Optical and Quantum Electronics, vol. 31, no.9/10, pp.1059-1072, 1999.           
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[5] H.V. Baghdasaryan, T.M. Knyazyan, T.H. Baghdasaryan, et. al., Absorption Loss Influence on Optical 

Characteristics of Multilayer Distributed Bragg Reflector: Wavelength-Scale Analysis by the Method of 

Single Expression. Opto−Electronics Rev., 18(4), pp. 438–445, 2010.   

        https://doi.org/10.2478/s11772-010-0049-0 

[6] H. Ahmad, et al. "Stealth technology: Methods and composite materials—A review." Polymer         

Composites 40.12 (2019): 4457-4472.        https://doi.org/10.1002/pc.25311 
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Novel method for relativistic particle detection 
using photonic crystals 

 
V. Gareyan1, Zh. Gevorkian1,2 

 
1
Alikhanyan National Laboratory, Alikhanian Brothers St. 2, Yerevan 0036 Armenia  

2
Institute of Radiophysics and Electronics, Ashtarak-2 0203 Armenia 

 
We demonstrate that transition radiation emitted by relativistic particles traversing a Brewster-

optimized 1D photonic crystal exhibits a steep 𝐼  ∝ 𝛾4  energy dependence, followed by resonant 
saturation. By enforcing a global Brewster condition across a bimaterial stack and tuning the layer-

thickness ratio to satisfy a phase-matching constraint, the photonic band structure develops a Dirac-cone-
like spectrum with linear quasimomentum dispersion. This design eliminates the formation-zone 

divergence that limits conventional X-ray transition radiation detectors while preserving strong angular 

selectivity. Exact analytical solutions confirm the 𝛾4  scaling regime (1  ≪  𝛾  ≪ √𝑁𝑠 ) and saturation at 
𝐼  ∼  𝑁𝑠

2. The proposed architecture simultaneously yields a 𝛾-independent backward-emission frequency 

comb in the terahertz gap, offering a compact, table-top platform for energy-sensitive relativistic 
diagnostics and stable monochromatic THz generation.  

 



 

IRPhE’2026 MW3 

 

Signals and images processing with improved 
wavelet-functions 

 
S. Gomtsyan, B. Badalyan, H. Gomtsyan, M. Azoyan  

 

National Polytechnic University of Armenia, Teryan str. 105, 0009, Yerevan, Armenia  

 

The lifting scheme introduced by W. Sweldens provides an efficient and flexible approach to the 
construction and modification of wavelet transforms. Unlike classical wavelet constructions based on 
shifted and scaled copies of a mother wavelet, the lifting scheme enables the construction of new wavelets 
through a sequence of elementary transformations applied to exact reconstruction filters. This approach 
preserves the perfect reconstruction property while providing greater flexibility in controlling the 
characteristics of the resulting wavelets and reducing computational complexity.  

In this work, a modification of classical wavelets based on the lifting scheme is proposed and 
investigated. The proposed approach is aimed at improving the characteristics of wavelet transforms and 
increasing their efficiency in signal-processing applications. The developed wavelet construction was 
implemented using specially developed software, which was used to perform numerical experiments and 
comparative analysis. The modified wavelets were evaluated using quantitative quality parameters, 
including reconstruction accuracy and computational efficiency. The obtained results were compared with 
corresponding results for classical wavelet transforms. 

The results are presented through numerical data, comparative graphs, and visual representations 

of the original and reconstructed signals. The analysis demonstrates that the proposed lifting-based 

modification provides additional flexibility in wavelet construction while maintaining accurate signal 

reconstruction. The obtained results also indicate the potential of the proposed approach for reducing 

computational costs and improving the efficiency of wavelet-based signal-processing algorithms. The 

proposed method can be applied to the development of fast wavelet transforms and other computationally 

efficient techniques for digital signal and image processing. 
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Design and development of radar system modules for counter-unmanned 

aircraft system (C-UAS) detection systems 

 
H. Martirosyan1,2, A. Aharonyan1,2, M. Markosyan1,2, M. Martirosyan1,2,  

M. Karapetyan1,2, A. Petrosyan2, A. Zargaryan2    

 
1Russian-Armenian (Slavonic) University, Hovsep Emin str. 123, 0051 Yerevan, Armenia  
2Yerevan Telecommunication Research Institute, Dzorap str.26, 0056 Yerevan, Armenia 

 

E-mail: aharon.aharonyan@rau.am 

 

The rapid development of unmanned aerial vehicle (UAV) technologies and the expanding use of 
UAVs in civilian, industrial, and military applications have led to a growing demand for advanced 
systems capable of their detection, tracking, and recognition. In this context, radar subsystems of 
Counter-Unmanned Aircraft Systems (C-UAS) are becoming increasingly important, particularly for 
detecting small and low-observable aerial targets with low radar cross sections (RCS) in complex 
interference and clutter environments.  

This paper presents the development of a compact radio-frequency (RF) front-end with a modular 
architecture for a C-UAS radar subsystem designed for the detection and tracking of small UAVs. The 
proposed modular architecture provides system design flexibility, facilitates subsequent hardware 
implementation and experimental evaluation, and enables further integration into multifunctional C-UAS 
platforms. The relevance of this development is driven by the rapidly increasing use of UAVs and the 
growing requirements for the effectiveness, reliability, and responsiveness of airspace surveillance and 
control systems. 

 
Keywords: C-UAS, Unmanned Aerial Vehicle (UAV), Radar System, X-Band, Transmit/Receive 

Module. 
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Numerical investigation of stress-induced birefringence  

and polarization evolution under RF excitation 
 

H. Manukyan, N. Nazaryan, N. Babajanyan,  
A. Movsisyan, T. Abrahamyan, A. Babajanyan 

 

Institute of Physics, Yerevan State University, Yerevan, Armenia 

 

This work presents a comprehensive numerical investigation of stress-induced birefringence and 
the evolution of polarization in silica under microwave excitation. Unlike conventional approaches that 
primarily provide qualitative descriptions of polarization behavior, the proposed framework enables both 
qualitative and quantitative characterization of polarization changes induced by externally generated 
mechanical stress. The simulations are performed to enable detailed analysis of electromagnetic -wave 
interactions with an indium tin oxide (ITO)-coated silica structure and the resulting stress-optic 
response. 

The results demonstrate that microwave-induced heating of the conductive ITO layer generates 
thermo-elastic stress in the silica substrate, leading to measurable refractive-index anisotropy and 
polarization modification. The spatial distribution of birefringence and its influence on polarization 
states are quantitatively evaluated through the corresponding variations of the refractive indices.  

By establishing a direct relationship between microwave excitation, thermo-elastic stress, and 
polarization evolution, this work provides a predictive framework for the analysis and engineering of 
stress-induced birefringence in microwave-photonic structures. The proposed approach is particularly 
relevant to the development of integrated photonic devices and microwave-photonic systems that require 
precise control of polarization properties. 
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Multi-wavelength electromagnetic and optoelectronic detection of  

compact stars: implications for equation-of-state constraints 
 

H. Shahinyan¹, T. Sargsyan², A. Babajanyan¹ 
 

¹ Institute of Physics, Yerevan State University, Yerevan, Armenia 

² Synopsys Armenia CJSC, Yerevan, Armenia 

 
At densities exceeding several times the nuclear saturation density, hadronic matter may undergo 

deconfinement into quark matter. According to the Witten hypothesis, Strange Quark Matter (SQM) may 
represent the true ground state of strongly interacting matter, implying that some compact stars observed 
as pulsars could in fact be Strange Quark Stars (SQSs). 

In this work, we investigate how multi-wavelength electromagnetic observations and 
gravitational-wave measurements constrain theoretical equations of state (EoS) describing dense matter. 
Radio observations provide precise pulsar mass measurements, while X-ray observations from the 
NICER mission enable accurate determination of stellar radii and compactness through relativistic pulse -
profile modeling. In addition, gravitational-wave signals from compact-binary mergers, such as 
GW170817, detected using large-scale optoelectronic interferometers, provide important constraints on 
tidal deformability and stellar structure. 

By combining information from radio, X-ray, and gravitational-wave observations, we examine 
the parameter space of SQM models with vector interactions. The objective is to identify EoS parameter 
sets that simultaneously satisfy observed mass, radius, compactness, and tidal-deformability constraints. 
The obtained results contribute to the understanding of dense matter under extreme conditions and 
demonstrate the importance of multi-wavelength and optoelectronic detection techniques for probing 
fundamental properties of compact stars. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

IRPhE’2026 MW7 

 

High-Q resonances in cambric-coated metallic rod structures in  

rectangular waveguides: numerical and experimental study 
 

A. Movsisyan, N. Nazaryan, T. Abrahamyan,  
A. Babajanyan, K. Nerkararyan 

 

Institute of Physics, Yerevan State University, Yerevan, Armenia 

 
This work presents a numerical and experimental investigation of microwave transmission 

through metallic rod structures coated with a dielectric cambric layer and embedded inside a rectangular 
waveguide. A coaxial-to-waveguide coupling model was employed to analyze the system's 
electromagnetic response, and the calculated transmission characteristics were compared with 
experimental measurements. For a single cambric-coated rod, good agreement between simulation and 
experiment was obtained, with minor discrepancies attributed to differences between simulated energy 
distributions and experimentally measured electric-field amplitudes. 

The study was further extended to three-rod configurations consisting of a cambric-coated 
central rod and two uncoated side rods. The effects of inter-rod spacing, rod length, orientation angle, 
coating dielectric permittivity, and structural asymmetry on the transmission characteristics were 
systematically investigated. The results demonstrate that these geometrical and material parameters 
enable efficient control of resonance frequencies and spectral responses. In particular, the introduction of 
structural asymmetry together with a pair of reflector rods leads to the formation of a high -Q resonant 
state near 7.3 GHz with a quality factor exceeding 750. 

The proposed structures constitute a promising platform for compact microwave resonators, 
narrowband filters, and high-sensitivity dielectric sensing devices. 
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Broadband biconical circular horn antenna 

 
A. Makaryan1,2, T. Hovhannisyan1, S. Sarkisyan2,  

B. Hovhannisyan1, D. Tumanyan1 

 

1
 Yerevan State University, Alex Manoogian str. 1, 0025, Yerevan, Armenia  

2
 Institute of Radiophysics and Electronics, Alikhanian Brothers str. 1, 0203 Ashtarak, Armenia  

 

Conventional broadband biconical antennas suffer from excessively broad E-plane beamwidths 
and low gain (∼2.2–3.7 dBi) due to their sub-wavelength or wavelength-comparable dimensions.  

To overcome this limitation, this work proposes highly efficient, high-gain biconical antenna 
configurations featuring an E-plane radially expanding horn profile. A circular horn topology is achieved 
by extending the H-plane flare angle to 360°. This approach to horn-type antenna design provides 
isotropic radiation in H-plane and significantly narrower beamwidth in the E-plane. 

First, a compact configuration (with diameter of 17.5 cm) operating in the 5 GHz to 40 GHz band 
was modeled using COMSOL Multiphysics, fabricated, and experimentally characterized. The 
measured reflection coefficients (S11), far-field radiation patterns demonstrate excellent agreement with 
numerical simulations. 

Second, an electrically larger design operating across the 0.9–40 GHz band was evaluated via 
COMSOL Multiphysics simulations; for an antenna with a diameter of 200 cm, simulations indicate an 
E-plane beamwidth of ∼22° and a peak gain of ∼10 dBi at 15 GHz. 

By combining omnidirectional H-plane coverage with high E-plane directivity, these antennas 
offer a lightweight, structurally simple, and highly cost-effective alternative to conventional phased 
antenna arrays in 3G, 4G, and 5G cellular base stations, in drone communications and other relevant 
applications. 
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In this work, we investigate the generation of multicycle, narrowband terahertz (THz) pulses in a 
plane-parallel GaAs nonlinear crystal. Efficient THz generation requires fulfillment of the quasi-phase-
matching (QPM) condition. QPM is commonly achieved using structures with periodically sign -
modulated second-order nonlinear susceptibility (SMNS) in crystals. Although such structures can be 
formed in lithium niobate and KTP using strong electric fields, the same approach cannot be applied to 
semiconductor crystals. 

To overcome this limitation, we propose an artificial SMNS structure in a semiconductor crystal 
with a large transverse dimension. A periodic multi-slit amplitude or phase mask placed in front of the 
crystal divides the pump laser beam into narrower beamlets and introduces a periodically repeating time 
delay between pulses in neighboring beamlets. The artificial SMNS condition is obtained when the delay 
is τ = 1/(2f0), where f0 is the center frequency of the narrowband THz radiation. 

The generated THz waves are emitted at the Cherenkov angle, φCh ≈ 22°. Consequently, total 
internal reflection (φC ≈ 16°) prevents them from exiting the plane-parallel GaAs crystal. To couple the 
radiation through the output face and into air, we propose placing an additional amplitude or phase mask 
(diffraction grating) at the crystal output. 

COMSOL Multiphysics simulations show that the superposition of THz fields generated in 
different regions of the crystal produces a periodic field distribution near the output surface. An 
amplitude mask designed to match this distribution can provide in-phase radiation from the output face, 
increasing the crystal-to-air transmission efficiency to more than 50%. In particular, the simulations yield 
transmission efficiencies of approximately 68% for the 11-slit phase mask configuration at 1 THz and 
approximately 70% for the 22-slit phase mask configuration at 2 THz. 
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This paper presents an advanced design and theoretical analysis of a reconfigurable hybrid 
antenna terminal specifically engineered for 5G wireless communication networks operating in the sub -
THz spectrum (above 100 GHz). To address the critical need for ultra-high gain and wide-angle beam 
scanning, we propose a stationary spherical reflector combined with a multi-band cylindrical phased array 
feed.  

Unlike traditional parabolic reflectors, the spherical geometry allows for wide-angle coverage 
without mechanical rotation. We provide a rigorous electromagnetic derivation of the caustic surface to 

optimize the cylindrical feed length (L = 
𝑹

𝟐
), effectively compensating for spherical aberration.  

The system integrates Artificial Intelligence (AI) to manage dynamic beamforming, subscriber 
tracking, and frequency allocation across ring-shaped phased array sectors. Furthermore, the impact of 
radome dielectric properties on sub-THz transmission is modeled to ensure maximum aperture efficiency. 
Simulation results demonstrate that the proposed terminal achieves a stable gain of 40-45 dB and supports 
simultaneous multi-beam operation, positioning it as a cost-effective, mass-producible node for future 5G 
infrastructure. 
 

Keywords - Spherical Reflector Antenna, Reconfigurable Antenna, 5G Networks, Sub-THz 
Communications, Caustic Surface, AI-Driven Beamforming, Phased Array, Multi-beam Terminal. 
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Terahertz (THz) technology has attracted considerable attention in recent years owing to its broad 

available bandwidth, low latency, and potential for ultrafast data transmission. These advantages make 
the THz frequency range a promising candidate for next-generation wireless communication systems, 
including emerging 6G networks [1]. Nevertheless, the practical implementation of THz technologies 
remains challenging, largely due to the limited availability of compact, efficient, and tunable components 
operating at these frequencies [2]. Metasurfaces have emerged as promising platforms for advanced 
electromagnetic wave manipulation, enabling precise control of amplitude, phase, polarization, and 
propagation through engineered subwavelength structures. This versatility has enabled compact and 
multifunctional devices for applications including filtering, modulation, switching, beam steering, and 
phase control. 

In this work, we propose and numerically investigate a THz band-pass filter based on a bilayer 
metasurface composed of coupled silver rods (Fig. 1). The filter exploits the interaction between the 
resonant modes supported by the two metallic layers to produce a pronounced transmission band within 
the THz spectrum (Fig. 2). 
  
 
 
 
 

 
 
 
 
 
 
 

 
 
The proposed structure exhibits a wide transmission band from 0.95 to 1.33 THz, corresponding to a 
bandwidth of 0.38 THz, with a transmission coefficient exceeding 80% (see Fig.2). In addition, the filter 
characteristics, such as the operating frequency range and center frequency, can be adjusted through 
modifications of the rods geometry. The proposed filter shows strong potential for terahertz 
communication, sensing, imaging, and other emerging THz applications.  
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Fig.1. Schematic of the bilayer metasurface. Fig.2. Simulated of transmittance, reflectance and 

absorptance spectra of the bilayer metasurface. 
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High-frequency operation in communication systems for unmanned aerial vehicles (UAVs), 

modern satellite links, and 5G/6G wireless networks suffers from high path loss creating a critical need 
for high-gain antenna solutions that do not compromise on a low-profile, lightweight design [1,2]. 
Microstrip patch antennas satisfy these compact structural requirements; their low gain limit their 
performance in long-range communications systems [3]. This paper presents a gain enhancement 
technique for an X-band (8 GHz) microstrip patch antenna achieved by positioning a hemispherical 
dielectric resonator (radius 𝑟 = 20mm)  at the phase center of the antenna (Figure 1a). The resonator 
utilizes an Acrylonitrile Butadiene Styrene (ABS) dielectric material characterized by a relative 
permittivity of 𝜀𝑟 = 3.2 and a loss tangent of tg𝛿 = 0.005. The antenna is designed for an 8 GHz center 
frequency and the microstrip patch antenna is realized on a 18,8x16.2 mm 2 substrate. 

By placing the dielectric resonator precisely at the phase center, it acts as a Huygens source, 
establishing a field distribution equivalent to a continuously distributed array of radiating elements. 
Through its hemispherical geometry, these radiating elements transform the spherical wavefront into a 
uniform planar distribution, thereby expanding the effective radiation aperture. Operating across a 
bandwidth of 7.8–8.2 GHz (VSWR < 2), the antenna achieves a 5.2 dB gain enhancement at 8 GHz 
center frequency, increasing peak gain from 5.2 dBi to 10.4 dBi (Figure 1b) while preserving low side -
lobe levels (>11 dB). 
 

      

 

 

 

 

 
 

 

 

 

 

 

 

 
 

 
Figure 1. (a) Geometric configuration of the proposed X-band microstrip patch antenna with a hemispherical 

dielectric resonator placed at the phase center, and (b) simulated peak gain versus frequency comparing the 

microstrip patch without (red) and with (blue) dielectric resonator. 
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This paper presents the design of an FPGA-based wideband scalable software-defined radio 
(SDR) platform for digital beamforming applications. The main objective of this study is to develop a 
modular and scalable hardware–software architecture capable of supporting high-speed wideband signal 
acquisition and real-time processing while providing a flexible foundation for future multi-channel 
beamforming systems. The proposed platform integrates an FPGA-based signal processing framework 
with an SDR architecture employing TCP/UDP communication protocols to ensure efficient host–device 
interaction and simplified hardware–software integration. A hardware prototype incorporating an FPGA 
development platform, a custom-designed printed circuit board (PCB), and an Analog Devices AD9648 
high-speed analog-to-digital converter was implemented to validate the proposed architecture. 
Experimental evaluation confirmed reliable acquisition and processing of in-phase and quadrature (I/Q) 
signals, demonstrating the feasibility and scalability of the developed platform. The proposed 
architecture provides a versatile solution for the implementation of next-generation digital beamforming 
systems in radar, wireless communication, and radio monitoring applications.  
 

Keywords—SDR, Digital Beamforming, FPGA, Scalable Architecture, I/Q Signal Processing.  
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Nicotine is known to affect central nervous system activity, and its influence has been widely 
investigated using electroencephalography. In contrast, nicotine-related changes in weak signals recorded 
in the megahertz frequency range remain comparatively less explored. This work presents a comparative 
approach for evaluating brain activity before and after nicotine exposure by combining statistical analysis 
of electroencephalographic recordings with processing of in-phase and quadrature signals acquired in the 
megahertz range. Electroencephalographic signals are characterized using power spectral density, relative 
frequency-band power, spectral entropy, inter-channel correlation, and bicoherence. Megahertz-range 
recordings are analyzed in terms of signal power, spectral distribution, occupied bandwidth, spectral 
entropy, and higher-order statistical characteristics. Preliminary observations indicate changes in both the 
spectral and connectivity-related characteristics of electroencephalographic signals and in the statistical 
properties of megahertz-range recordings after nicotine exposure. These findings suggest that the 
combined application of second- and higher-order statistical methods may provide an effective approach 
for assessing nicotine-related changes in brain functional activity. Further studies with a larger number of 
participants and more strictly controlled experimental conditions are required to validate the observed 
tendencies. 
 

Keywords—nicotine, electroencephalography, megahertz-range signals, spectral analysis, 
bicoherence, higher-order statistics. 
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Spectrum congestion is pushing radar and communication systems that have traditionally 

occupied separate frequency bands toward sharing a common radio resource. This paper presents the 
design, MATLAB simulation, and software-defined-radio (SDR) implementation of a single orthogonal 
frequency-division multiplexing (OFDM) waveform that simultaneously performs the function of a 
short/medium-range Primary Surveillance Radar (PSR) sensor and carries a digital communication 
payload. The same transmitted resource grid is consumed by two different receivers: a co -located radar 
processor, which exploits its own knowledge of the transmitted symbols to estimate target range and 
Doppler by element-wise division (Sturm's method), and a remote communication receiver, which 
recovers unknown data bits from the very same signal using embedded pilot subcarriers and standard 
channel equalization. The system numerology is chosen to fit the RF front end of the Ettus Research 
USRP B210, and complete MATLAB code for waveform generation, radar signal processing, 
communication demodulation, and USRP transmission/reception is provided. Software-in-the-loop 
simulation results show two point targets resolved to within a fraction of one range/Doppler cell, and a 
communication bit-error rate that tracks the theoretical 16-QAM AWGN bound to within Monte Carlo 
variance, confirming that both functions can be extracted reliably from one shared transmission.  

 
Keywords— Integrated sensing and communication (ISAC), joint radar-communication (JRC), 

OFDM radar, primary surveillance radar, software-defined radio, USRP B210. 
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This is an interdisciplinary study combining medicine and physics. As is well known, such 

research has recently become particularly effective, often leading to unexpected and highly interesting 
results and discoveries. Previously, we suggested the possibility of the occurrence of carcinogenesis due 
to transformation of the molecular structure of intracellular water in healthy tissues from a conventional 
hexagonal modification to a cubic one under the influence of various external and internal damaging 
factors (radiation, chemical, viral, mechanical, microbiological). Based on preliminary experimental 
studies, a new biomedical technology in oncology, devoid of toxic side effects, is being proposed for the 
first time.  Microwave exposure was carried out for 0.5 hour by extremely low intensity electromagnetic 
microwave streams of 1 µW/cm2 at a “therapeutic” frequency of 1.0 GHz or at a “pathological” frequency 
of 0.99 GHz. The irradiated object was located in the far zone of the cone-shaped antenna. To register the 
spectrum of resonant frequencies of water - containing objects, a modulation microwave radiometer with 
a fluctuation sensitivity of 0.5K (~ 10 -17 W) was used.                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

Found the specific resonance anomalous spectra of water and tissues of malignant tumors and 
shows their relationship with the cubic modification of the water structure. The resonant spectrum of 
"cubic" water completely coincides with the similar spectrum of cancerous tissue. However, the radio 
spectrum of a benign tumor is identical to the radio spectrum of healthy tissue. This means that a benign 
tumor, unlike a malignant tumor, contains a hexagonal, rather than cubic, phase of cellular water. The 
local change of the hexagonal water matrix to a cubic one leads to a change in metabolic reactions, cells 
begin to reproduce "abnormal cubic" water, which leads to a change in the biochemical mechanisms of 
their activity.  Therapeutic microwaves have a direct effect on the source of dysfunction or pathology and 
activate the body’s own resources, stimulating the restoration of the normal functional state of the 
affected organs and body systems. As an advantage of this method, it should also be noted that generators 
of microwaves are much smaller and cheaper than the traditional expensive and bulky devices for 
radiotherapy of patients, which require large areas for safety of work with appropriate shielding.  

It is assumed that during the development of the tumor process, a change in the resonant 
frequency of the biological tissues of the patient’s body occurs following a radical restructuring of the 
molecular structure of the aqueous medium, the transformation of a normal hexagonal molecular structure 
into an abnormal cubic one. Preliminary experimental studies show that acting on the water of the cubic 
structure with a flow of “therapeutic” microwaves at 1.0 GHz, it is possible to change its structure to a 
normal hexagonal one, which corresponds to a healthy tissue. The use of an external source of therapeutic 
wave flows gives real control over the process of development of malignant neoplasms. Therefore, it 
should be expected that the use of non-ionizing microwave electromagnetic radiation should lead to the 
recovery of the body and in the future this method may find wide application for the early diagnosis, 
prevention and toxic side-effects free therapy of cancer without damage to other tissues, harmful ionizing 
radiation therapy and toxic chemotherapy. Our research opens a promising new direction in the study of 
malignancies, with the long-term goal of developing more reliable protection against the disease. This 
research has incredible potential for shaping the future of cancer treatment and improving outcomes for 
real patients. Based on the above, the application of non-ionizing medical radiation can be considered as a 
potentially new, promising and safe biomedical technology for early diagnostics and therapy in oncology. 
Our results demonstrate the possibility of a fundamentally new, differentiated effect on the metabolic 
activity of healthy and tumor cells, opening up new prospects for anticancer therapy. 
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This paper proposes a method for restoring a sinusoidal signal and estimating its parameters 
under low signal-to-noise ratio conditions based on the wavelet transform. The use of discrete wavelet 
decomposition and threshold processing of wavelet coefficients enables effective noise suppression and 
restoration of the signal structure. 

The simulation results demonstrate that the proposed approach provides high accuracy in 
estimating the signal amplitude, frequency, and phase, while maintaining robustness against external 
interference. The obtained results confirm the effectiveness of the proposed method for processing 
multicomponent signals in radio engineering systems. 

 
Keywords - sinusoidal signal, wavelet transform, signal restoration, parameter estimation, 

additive noise, radio-frequency signals, time-frequency analysis. 
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Identifying the physical transmitter that produced a received signal, independent of any embedded 
synchronization sequence, is valuable for spectrum monitoring, wireless security, and Internet-of-Things 
device authentication. This paper proposes a transmitter recognition method that combines explicit 
extraction of hardware-induced signal parameters with an artificial-intelligence (AI) classifier. Carrier 
frequency offset, I/Q imbalance, power-amplifier nonlinearity, and spectral shape descriptors are 
estimated directly from the transmitted signal and assembled into a compact parameter vector that is 
largely waveform-agnostic. A two-branch neural network fuses this parameter vector with a short raw 
in-phase/quadrature (I/Q) window to produce a discriminative embedding, which is used for closed-set 
classification of known transmitters and, through a distance-based decision rule, for open-set rejection of 
transmitters absent from the training population. The proposed framework generalizes our earlier 
autocorrelation-driven fingerprinting method, which relied on the special correlation properties of 
Zadoff–Chu synchronization sequences, to arbitrary signals and modulation formats, broadening its 
applicability to non-cooperative and unregistered emitters encountered in practical spectrum-monitoring 
scenarios. 
 

Keywords - transmitter recognition, RF fingerprinting, signal parameter extraction, carrier 
frequency offset, I/Q imbalance, power amplifier nonlinearity, error vector magnitude, specific emitter 
identification, artificial intelligence, deep learning, open-set recognition. 
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A sufficient number of methods for analyzing the effect of a multifrequency signal on a p–n 
junction are known. These methods take into account either the active component of the nonlinear 
conductance or the reactive component. However, only in is the nature of the nonlinearity specified by an 
arbitrary voltage function rather than by a piecewise-linear or piecewise-parabolic approximation. A 
sufficiently comprehensive method of analysis corresponding to the small-signal case is presented in, 
based on the use of nonlinear functionals by the Wiener–Volterra method. However, this method requires 
repeated integration of the nonlinear impulse function and provides final expressions containing known 
functions only in particular cases. 

To solve the problem posed here, we will use the more convenient and complete method 
described in and further developed in. Taking into account the fact that the different components of the 
complex nonlinear conductance of the contact are subjected to the same sum of instantaneous voltages, 
we represent the total current as the sum of the conduction current and the capacitive current:  

İ(t) = İ𝐺(𝑈)  +  İ𝐶 (𝑈). 

To determine the complete current spectrum, let us write the current and charge dependences of 
the nonlinear components of the conductance on voltage as follows: 

𝑖 = 𝑓(𝑈0 + ∑ 𝑈і cos𝜔𝑖 𝑡𝑛
𝑖=1 ) ;     𝑞 = 𝑞 (𝑈0 + ∑ 𝑈і cos𝜔𝑖 𝑡𝑛

𝑖=1 ); 

where і = f (U) and q = q (U) are arbitrary functions satisfying the Dirichlet conditions and describing the 
current–voltage characteristic (I–V characteristic) and charge–voltage characteristic (Q–V characteristic) 
of the contact; U₀ is the DC bias voltage; and ∑ 𝑈і cos𝜔𝑖 𝑡𝑛

𝑖=1 -is the sum of the AC voltages applied to 

the contact. 
Expanding the latter expression into a Laurent series, according to [the corresponding relation], 

we obtain: 

                 𝑖 = [∏ ∑ 𝐼𝑝і
(𝑈𝑖

𝑑

𝑑𝑈0
) 𝑒𝑥𝑝𝑗𝑝𝑖𝜔і𝑡

∞
𝑝і=−∞

𝑛
𝑖=1 ]  𝑓(𝑈0)  

   𝑞 = [∏ ∑ 𝐼𝑝і
(𝑈𝑖

𝑑

𝑑𝑈0
) 𝑒𝑥𝑝𝑗𝑝𝑖𝜔і𝑡

∞
𝑝і=−∞

𝑛
𝑖=1 ]  𝑞(𝑈0),    

where, in the modified Bessel function, the quantity pᵢ represents a series of integers, while the index i 
indicates the number of the applied signal forming the harmonic-component series under consideration. 

For frequency multiplication, assume that a signal with frequency ω and its harmonic with 
frequency nω act on the contact: 

u(t) = 𝑢0 + 𝑢1 cos𝜔 𝑡 + 𝑢𝑛 cos(n𝜔 𝑡 + 𝜑𝑛). 
 

For frequency division, assume that a signal with frequency nω and its subharmonic with 
frequency ω act on the contact: 

u(t) = 𝑢0 + 𝑢1 cos(n 𝜔 𝑡 + 𝜑1 ) + 𝑢𝑛cos𝜔𝑡.                                     
Let us consider the mechanism of combination of the converted-frequency signal components. 

1. A signal with frequency nω is generated through the following combinations: 
n𝜔(𝑛 + 1) − 𝑝(𝑛) conversion order 𝑝(𝑛 + 1) + 1, 
 (𝑛)n𝜔 − (np − 1)n𝜔                        𝑝(𝑛 + 1) − 1. 

2. A signal with frequency ω is generated through the following combinations:  
𝑛(𝑝 + 1)𝑛𝜔 − 𝑝(𝑛𝜔)  conversion order 𝑝(𝑛 + 1) + 𝑛, 

 𝑝(𝑛)𝜔 − 𝑛(p − 1)𝜔                       𝑝(𝑛 + 1) − 𝑛. 
 
Thus, we can unambiguously construct equivalent circuits for the pump frequency and its 

subharmonic, in which the additional conductances introduced into the circuits of the above-mentioned 
signals by the capacitance and by the conductance of the nonlinear p–n junction form the total 
conductances. 
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The physical parameters of electromagnetic waves (EMW) play an important role in the process 

of their interaction with living matter. The surface tension and density of bidistilled water, aqueous salt 
solution and DNA salt solution irradiated with non-thermal millimeter electromagnetic waves with 
frequencies of 64.5 GHz, 50.3 GHz and 48.3 GHz with modulation of 1 Hz and 16 Hz were studied.  We 
have recently shown that millimeter electromagnetic waves of non-thermal intensity are not absorbed by 
the surface layer of aqueous solutions, but penetrate into deeper layers of aqueous solutions and lead to 
dehydration of ions in the solution. As a result, the density of aqueous-salt solutions increases [1]. 
Preparation and exposure of the solutions described in detail in [1]. Measurements show that surface 
tension of experimental samples does not change under the influence of irradiation. The measurements of 
test samples show that due to irradiation the surface tension does not change. The densities of aqueous 
salt solution and the DNA salt solution increase under irradiation at frequencies 64.5 GHz with 
modulation 1 Hz. When modulated at a frequency of 16 Hz, the density increases at a carrier frequency of 
64.5 GHz and decreases at a carrier frequency of 50.3 GHz, which coincides with the resonant 
frequencies of oscillations of hexagonal water structures. 

Thus, when irradiating water-salt solutions with non-thermally modulated millimeter 
electromagnetic waves, an increase or decrease in the density of water-salt solutions can be observed 
depending on the carrier and modulating frequencies. It is quite possible that the decrease in density 
occurs due to an increase in the number of molecules included in the hexagonally ordered structure of 
water, or the formation of a new, non-hexagonal [2] ordered structure of water, for example, cubic.  

 
1. V.P. Kalantaryan, S.N.Hakobyan, Yu.S.Babayan, J.Contemp. Phys. 52 (2017) 58. 

2. V.P.Kalantaryan, R.Martirosyan, Yu.S. Babayan, V.Petrosyan, Comput. Struct. Biotech. J. 21 (2023) 3437.  
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This work investigates the effects of high-frequency electromagnetic radiation on radio-
electronic systems.  

Direct exposure to intense external electromagnetic radiation can lead to critical system failure. 
Furthermore, non-linear elements inherent to radio-electronic systems generate unwanted spectral 
components under exposure, severely disrupting normal operations. Because radio-electronic 
architecture inevitably incorporates diverse non-linear components, assessing their electromagnetic 
immunity and stability is paramount. 

This study analyzes the non-linear response of radio-electronic systems subjected to 
electromagnetic radiation with varied spectral compositions. Numerical simulations conducted in 
MATLAB/Simulink and Python reveal that the combined action of amplitude-modulated radiation at a 
carrier frequency and its second harmonic-under specific amplitude-phase relationships-generates low-
frequency interference signals. Notably, this intermodulation occurs even under low-power radiation, 
inducing systemic vulnerability regardless of the specific nature of the non-linear elements. 

The obtained results provide key criteria for evaluating electromagnetic compatibility (EMC) 
and radiation hardness, offering a baseline for developing robust defense mechanisms in radio receiver 
design. 
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This work presents the design, fabrication, and experimental characterization of a capacitive near-
field probe for biosignal sensing in the 1–30 MHz frequency range. The study focuses on the 
development of the sensing structure, including its geometry, physical implementation, and electrical 
performance. The probe was initially designed and optimized using the MATLAB Antenna Design Tool, 
enabling numerical evaluation and refinement of the main geometrical parameters prior to fabrication.  

The proposed sensor was fabricated as a multilayer structure comprising a sensing electrode, 
dielectric layer, and shielding element. This configuration was selected to achieve localized electric -field 
coupling while minimizing the influence of external electromagnetic interference. The fabricated 
prototype was experimentally characterized over the target frequency range, with particular attention to 
its input reflection coefficient (S11), measured using a Rohde & Schwarz FPC1500 spectrum analyzer.  

The experimental results demonstrate the practical feasibility of the proposed capacitive sensing 
structure and indicate stable electrical behavior across the investigated frequency range. The study 
demonstrates the effectiveness of combining numerical modeling with experimental validation for the 
development and optimization of capacitive near-field probes for biosignal measurement. 
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In recent decades, radially polarized RF radiation has attracted particular attention from 
researchers, in particular Bessel beams, as they exhibit some resistance to diffraction.  A number of 
studies have examined various antennas for emitting radially polarized waves . 

In this paper, we develop and investigate a simple broadband antenna design for radiating 
radially polarized waves into free space. The antenna/radiator is formed by expanding a coaxial cable 
(with constant wave impedance), which ultimately transforms into a coaxial horn antenna.  

The antenna was modeled using COMSOL Multiphysics, and its main parameters were 
investigated depending on the design and geometric dimensions.  

A prototype antenna was manufactured and its parameters measured. The experimental results 
for the antenna with a 20.5 cm aperture match the modeling results to within 5%. 

The antenna is well matched over a wide frequency range and exhibits a low reflection 
coefficient and high radiation efficiency. The maximum reflection coefficient in the frequency range 
from 1.5 to 40 GHz is 0.15. The antenna can serve as an effective feed for a parabolic antenna to form a 
Bessel beam.  

The proposed antenna can find application in various fields, particularly in medicine and the 
military, both as a standalone device and as part of various antenna systems.  
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Reconfigurable antenna terminals add a discrete electromagnetic state to radio control, but 
state acquisition and reconfiguration consume useful airtime. This paper develops a mobility -aware 
controller for a spherical-reflector terminal with electronically selectable cylindrical-feed sectors. A 
two-stage delivered-bit rule first decides whether a local candidate scan is worth its training and 
switching cost over the predicted angular dwell time; after measurement, a second rule treats training 
as a sunk cost and decides whether to switch. A charged periodic refresh prevents indefinitely open -
loop operation. On a straight-line mobile trajectory, 240-realization Monte Carlo evaluation shows 
that, at 20 m/s, the controller reduces candidate-search events by 26.8% (12.54 to 9.17 s-1) while 
improving mean effective spectral efficiency by 0.67% (0.0315 ± 0.0011 bit/s/Hz, paired 95% CI). 
At 40 m/s, the gain rises to 1.67% (0.0777 ± 0.0028 bit/s/Hz). Ablation shows that candidate -set 
reduction supplies most throughput improvement, whereas the dwell-time rule mainly suppresses 
unnecessary control activity. 

 
Keywords—reconfigurable antennas, spherical reflector, beam management, mobility, beam 

training, switching overhead, radio control. 
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Currently, circular loop antennas constitute a vital component of modern radio-frequency (RF) 
systems due to their high efficiency and wideband operational capabilities. A microwave loop antenna is 
a specialized conducting loop—often fractionally sized relative to the wavelength or resonant at gigahertz 
frequencies—used for transmitting, receiving, or generating localized electromagnetic fields. These 
antennas are compact compared to other types with similar performance characteristics. Their low-profile 
structure facilitates integration into various devices, such as printed circuit boards (PCBs) or planar 
substrates, making them suitable for near-field sensing, medical monitoring, and related applications. 

A circular loop antenna exhibits an omnidirectional radiation pattern in the horizontal plane, with 
maximum radiation aligned along the plane of the loop. This pattern makes it well-suited for applications 
requiring 360-degree coverage within a single plane. Most circular loop antennas offer a moderate gain of 
approximately 2–3 dBi, which can be enhanced by incorporating additional turns or reflectors.  

In this study, an electrically small loop antenna—with dimensions significantly smaller than the 
operating wavelength—was investigated for use as a probe in localized spatial radiation mapping, 
shielding effectiveness testing of electronic enclosures, and electromagnetic interference (EMI) detection 
in complex systems. 

A 4-cm diameter circular loop antenna was modeled using COMSOL software, and its key 
characteristics were evaluated in the megahertz frequency range. At 1 MHz, the far-field E-plane 
beamwidth was around 90 deg, and the gain was up to 3 dBi. Additionally, a planar array comprising 
multiple circular loop elements was analyzed. Simulation results indicate that due to their unique near-
field electric and magnetic field distributions, compact circular antennas and their array configurations 
hold strong potential for modern RF applications, particularly for the detection and recording of ultra -
low-frequency biosignals. 
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Efficient conversion from the TEM mode to the TM₀₁ mode in the microwave and millimeter-

wave frequency ranges is widely used in communication systems for signal transmission and 
processing. 

This work presents the conversion of the coaxial TEM mode to the TM₀₁ mode using a disk-
shaped geometry (see Fig. 1), intended for application in radio links based on Bessel beams.  

In circular waveguides, the TE₁₁ mode is the dominant mode, whereas the TM₀₁ mode is the next 
higher-order mode. Since the TM₀₁ mode has a higher cutoff frequency, a disk -shaped geometry was 
employed to achieve mode conversion. The key characteristics of the proposed mode converter include 
high conversion efficiency and very low return loss at the required operating frequency, making it 
suitable for practical applications in Bessel-beam-based radio links. 

 
 

 
 

Figure 1. Disk-shaped mode exciter inside the circular waveguide. 

 

The mode converter was numerically modeled, and the optimal dimensions of the exciter were 
determined. The obtained results were subsequently compared with experimental measurements. The 
experimental results demonstrated that the S₁₁ parameter can be adjusted by varying the distance between 
the disk and the bottom surface of the circular waveguide. The effects of the disk diameter and thickness 
were also investigated, as these parameters affect both the S₁₁ parameter and the antenna bandwidth.  
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Non-uniform solar irradiation of the fixed ROT-54/2.6 reflector produces a spatially structured 

thermoelastic contribution to its surface-error budget. The model combines seasonal solar geometry, 
structural self-shadowing, a reduced thermal boundary condition and panel-scale response. The 54 m 
physical bowl and 32 m effective radio aperture are explicitly distinguished, and the passport value of 70 
μm is treated only as panel surface smoothness rather than as the as-built RMS of the complete reflector. 
Using the previously established characteristic panel bending span Lc = 0.95 m, the representative v = 5 
m/s screening calculation gives solar-induced full-bowl RMS contributions of 0.050, 0.078 and 0.098 mm 
for winter, equinox and summer, respectively. If statistically independent of the complete -reflector 
baseline RMS, the summer contribution increases total RMS by at least 10% only when σbase < 0.21 mm 
and by at least 5% when σbase < 0.31 mm. These thresholds provide a direct criterion for deciding when 
solar loading becomes relevant during reflector restoration. The model is intended for thermographic risk -
zone screening followed by targeted geometric verification; absolute thermal amplitudes and 
deterministic RF loss require independent validation of coating, convection and panel-structure 
parameters. 
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The electrical properties of Elastic 50A dielectric elastomer films were systematically 

investigated as a function of AC-field frequency, film thickness, temperature, fabrication method, and 
additive incorporation, with particular emphasis on their potential suitability for artificial muscle 
applications. The results demonstrate a strong dependence of the dielectric response on the frequency of 
the applied electric field. The films exhibited higher dielectric permittivity at lower frequencies, which 
can be attributed to the limited ability of the polymer chains and associated polarization processes for 
responding to rapidly varying electric fields. Further reduction of the frequency, however, resulted in 
increased measurement noise, limiting the reliable determination of the low-frequency dielectric response. 

Temperature-dependent measurements revealed a pronounced change in the electrical properties 
at approximately 40 °C. Above this temperature, the material exhibited irreversible changes accompanied 
by hysteresis in dielectric permittivity upon subsequent cooling to room temperature, indicating thermally 
induced changes in the material structure. Film thickness was also found to be an important parameter. 
Reducing the thickness to approximately 500 μm resulted in films with properties more favorable for their 
potential use in dielectric elastomer artificial muscle applications. Although, thinner films were also 
investigated, their different fabrication routes make direct comparison difficult. The results indicate that 
the preparation method substantially influences polymerization, microstructure, and, consequently, the 
electrical properties of the resulting films. In particular, 3D printing improved the electrical response, 
whereas spin coating enabled the fabrication of more uniform films. 

The effect of incorporating high-dielectric-permittivity additives was additionally investigated. 
Contrary to the expected increase in dielectric permittivity, the incorporation of 1–5% additives did not 
produce a pronounced systematic change in the measured electrical properties. This behavior may 
indicate interactions between the polymer matrix and the incorporated additives during material 
formation, potentially resulting in a modified internal structure that preserves the characteristic electrical 
response of the polymer. Overall, the findings demonstrate that the electrical behavior of Elastic 50A is 
governed by the combined effects of frequency, temperature, thickness, processing conditions, and 
composition, providing important considerations for the further development and optimization of this 
material for dielectric elastomer-based artificial muscle applications. 
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It is widely recognized that organ function and inter-system communication within a living 
organism are mediated by electrical signals (biosignals). The continuous operation of various organs is 
regulated either by electrical impulses originating from the central nervous system or by signals 
generated and transmitted internally within the organs themselves. Consequently, recording 
(electrography) and analyzing these internal biosignals provides critical insight into the physiological 
state of individual organs and the organism as a whole. Among electrographic methods, 
electrocardiography (ECG) is the most widely established, enabling the continuous monitoring and 
analysis of cardiac electrical activity. 

This paper proposes investigating specific human cardiac characteristics by combining time-
frequency and higher-order spectral analysis of ECG signals with active and passive bioradar systems. 
Preliminary findings indicate that integrating data from these complementary approaches yields valuable 
diagnostic insights into the condition of the heart and adjacent organs, facilitating the accurate and 
timely detection of potential cardiovascular conditions. 
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Communication systems often require narrow-beam antennas under strict constraints on physical 

size. Such designs usually come at the cost of significant sidelobes in the radiation pattern. Even a 
sidelobe level of −30 dB is small compared with the dynamic range of modern communication receivers, 
so a strong signal arriving through a sidelobe can easily be mistaken for a weaker one in the main lobe. In 
this paper we propose a simple decision-making algorithm that determines the true main-lobe direction 
using an auxiliary omnidirectional antenna operating in an interleaved (time-alternating) mode with the 
directional antenna. The algorithm compares the signal levels received by the two antennas. Because the 
ratio does not depend on the source power or range, sidelobe responses can be rejected regardless of 
signal strength. 
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Operating characteristics of quantum dot lasers with double asymmetric 

barrier layers: Critical dependence on the parameters of the structure 
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A theory of operating characteristics of semiconductor quantum dot (QD) lasers with double 

asymmetric barrier layers (DABLs) is presented. 
Incorporating DABLs into the QD laser structure aims at effectively restricting the simultaneous 

electron-hole presence to QDs only, and thus eliminating unwanted electron-hole recombination in the 
regions outside of QDs. As shown in Fig. 1, each of the DABLs is asymmetric in itself in that it is low for 
one type of carriers (those injected to the active region from that side of the structure where the barrier 
layer is located) and high for the opposite type of carriers (those injected to the active region from that 
side of the structure which is opposite to the barrier layer). Hence the DABLs are also asymmetric with 
respect to each other as one of them provides a low barrier in the conduction band and a high barrier in 
the valence band, and the other provides a low barrier in the valence band and a high barrier in the 
conduction band. 

Assuming that the DABLs are properly selected, electrons (injected from the left-hand side in 
Fig. 1) will be easily delivered to QDs and will not go to the hole-injecting side of the structure. 
Similarly, holes (injected from the right-hand side in Fig. 1) will be easily delivered to QDs and will not 
go to the electron-injecting side. As a result, except for QDs, electrons will remain spatially separated 
from holes in the DABL laser structure and the parasitic recombination (recombination outside of QDs) 
will be suppressed. 

While the use of DABLs can significantly improve the laser performance [1]-[3] (particularly, 
increase the characteristic temperature, internal differential quantum efficiency, and output optical power, 
and decrease the threshold current), there will still be internal optical absorption loss in the regions 
outside of QDs in DABL lasers, primarily in the waveguide region [optical confinement layer (OCL)]. 
This is because the internal loss coefficient increases with the charge carrier density in the OCL, and 
there will still be monopolar carrier presence on each side of the OCL (electrons on the electron-injecting 
side, and holes on the hole-injecting side) in DABL QD lasers. The theory presented here properly 
accounts for this loss. 

In this work, the operating characteristics of DABL QD lasers are thoroughly analyzed. It is 
shown here that the characteristics depend critically on the parameters of the laser structure. Hence, in the 
presence of the carrier-density-dependent internal optical absorption loss, a stricter control of the 
parameters is crucial for attaining high output optical powers and efficiency in DABL QD lasers.  

This work was supported by the US Army Research Office under Grant No. W911NF-25-1-0266. 
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Fig. 1. Energy band diagram of a DABL QD laser. The vert ical arrow shows the electron -

hole recombination in QDs. Reproduced with permission from [1, Fig. 1(b)]. 
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This article presents 1600 Watt pulsed power Gallium Nitride (GaN) transistor operating in 1.2 -

1.4GHz range to suit the unique needs of modern long-range radar systems. Device supplies a minimum 
of 1600-Watt output power with typical 17dB of associated gain and 65% drain efficiency. Device 
operates from a 100V drain voltage. Device model is also created and model data comparison with 
actual measurement data is presented. 
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This article presents 2400 Watt pulsed power Gallium Nitride (GaN) transistor operating in 960-
1220MHz range to suit the unique needs of modern avionics systems. Device supplies a minimum of 
2400 Watt output power with typical 20.5dB of associated gain and 65% drain efficiency. Device 
operates from a 75V drain voltage. Device model is also created and model data comparison with actual 
measurement data is presented. 
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In this study, atomically thin tungsten disulfide (WS2 ) films were synthesized on glass and 
polyimide substrates using low-temperature pulsed laser deposition (PLD) under identical deposition 
conditions. The feasibility of controllably depositing mono- or few-layer 𝑊𝑆2  films on glass and PI 
substrates at room temperature using the PLD method was investigated. The presence of high -quality 
mono- and few-layer WS2 films on both substrates was confirmed via comparative studies using AFM, 
XRD, Raman spectroscopy, optical absorption, and photoluminescence spectra. A slight red  shift in the 
photo-luminescence peak position was observed and was attributed tosubstrate-induced strain effects. 
Owing to their high quality, these WS2  films, deposited on plastic substrates, could serve as the 
foundation for flexible photosensitive devices operating in the ultraviolet and visible ranges . 
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 The study established that the laser wavelength (600 and 1200 nm) and substrate temperature 
(100–3000 C) significantly affect the structural and morphological characteristics of CdTe films 
fabricated by pulsed laser deposition (PLD). Thin  CdTe films obtained at T substrate = 100 °C and a laser 
wavelength of  λ = 1200 nm are characterized by smaller coherent scattering region (CSR) sizes 
compared to films obtained at λ = 600 nm and Tsubstrate = 100 °C, which is due to differences in ablation 
mechanisms and plasma torch characteristics.Increasing the substrate temperature leads to an increase in 
the CSR size and a decrease in the contribution of the metastable wurtzite modification of  CdTe in all 
studied films due to increased surface diffusion and recrystallization. Films obtained at λ = 1200 nm 
exhibit a more developed droplet fraction and an increase in surface roughness with increasing substrate 
temperature, which may be due to grain coarsening and a more pronounced contribution from the thermal 
ablation mechanism. 
 Raman spectroscopy confirms the nanocrystalline nature of the films and the presence of Te-
related structural inhomogeneities. These results demonstrate that varying the laser wavelength is an 
effective tool for controlling the non-equilibrium nature of the PLD process and, consequently, the phase 
composition, CSR size, and surface morphology of CdTe thin films, which can significantly impact their 
photovoltaic properties. 
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Cadmium sulfide (CdS) thin films were deposited onto flexible polyimide substrates by chemical 
bath deposition (CBD) method with varying ratios of sulfur (S2-) and cadmium (Cd+2) ions in the solution. 
The effect of the [S/Cd] ratio on the morphological, structural, and optical properties of the obtained 
layers was investigated. Structural and elemental analysis of the CdS films, performed using X-ray 
diffraction and energy-dispersive X-ray spectroscopy, confirmed the polycrystalline nature of the films, 
their belonging to the stable hexagonal phase, and the possibility of controlling stoichiometry, thickness, 
and crystallite size by adjusting the initial composition of the chemical bath. Scanning electron 
microscopy revealed a uniform, compact, and smooth surface of the films, consisting of quasi-spherical 
crystallites. All films exhibit over 80% optical transparency in the visible and IR ranges of light. The 
optical band gap depends on the electrolyte composition and increases from 2.38 eV to 2.45 eV with 
increasing thiourea content (source of sulfur ions) in the electrolyte.  
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This study presents the synthesis and characterization of multi-walled carbon nanotube (MWCNT)-

reinforced perlite-based glass-ceramic nanocomposites [1]. MWCNTs with diameters of 10–30 nm and lengths of 

1–10 μm were incorporated at concentrations of up to 1.0 wt.% using a liquid -phase mixing method. The processing 

route included nanotube dispersion, homogenization with glassy -phase perlite powder, dry ing, deagglomeration, 

pressing, and multistage thermal treatment. This approach enabled effective densification and crystallization of the 

perlite-based glass-ceramic matrix while preserving the carbon nanotube reinforcement [2]. 

The incorporation of MWCNTs significantly improved the mechanical and electrical properties of the 

composites. The acoustic wave propagation velocity increased by approximately 1.4 times, while the Young’s 

modulus increased by about 1.8 times, indicating enhanced stiffness and effective load transfer between the 

MWCNTs and ceramic matrix. At the same time, the introduction of MWCNTs leads to a sharp decrease in the 

material's electrical resistance, indicating the formation of an interconnected conductive network and suggesting that 

the composite is approaching the electrical percolation threshold. For example, at an MWCNT content of 1.0 wt .%, 

the electrical resistance decreases from 1.8 MΩ to 33 kΩ, when comparing two samples of identical dimensions, one 

with and another without carbon nanotubes. 

Raman spectroscopy confirmed the preservation of the graphitic structure of the MWCNTs after thermal 

treatment. The characteristic D and G bands were observed at 1349 and 1581 cm⁻¹, respectively, confirming the 

presence of sp²-bonded carbon and providing information on the structural state of the nanotubes. 

X-ray diffraction (XRD) revealed that the composite matrix was predominantly composed of monoclinic β-

wollastonite (CaSiO₃), with a main reflection at 2θ = 28.99° (d  = 3.08 Å). A broad graphitic C (002) reflection near 

2θ = 25.90° further confirmed the retention of the MWCNT phase. The FWHM of 0.1982° for the principal β-

wollastonite reflection corresponded to an average crystallite size of approximately 41.4 nm, indicating a 

nanocrystalline ceramic matrix. 

The enhanced properties are attributed to the high aspect ratio and stiffness of the MWCNTs, which  

promote load transfer, stress redistribution, and crack deflection. Their possible localization at grain or phase 

boundaries may also suppress crystallite growth through a Zener-pinning effect. Thermal-expansion mismatch 

between the nanotubes and ceramic matrix may additionally generate localized residual micro -strains. 

Overall, the resu lts demonstrate that low concentrations of MWCNTs can effectively tailor the mechanical, 

electrical, and structural properties of perlite-derived glass-ceramics while maintaining the structural integrity of the 

carbon reinforcement and the stability of the β-wollastonite phase. 

 

 [1] Petrosyan S.G., Grigoryan L.N., Petrosyan P.G., Glass and Ceramics, 2023 80,429-434. 

 [2] Ye F, Liu L, Wang Y, Zhou Y, Peng B and Meng Q, Scripta Materials, 2006 55, 911-914. 
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Thin films of inorganic perovskite CsPbBr₃ (Eg = 2.3 eV) attract significant attention due to their 
high stability and promising applications in solar cells, light-emitting diodes, and photodetectors [1]. 
The quality of films, determined by their crystallinity, morphology, and uniformity, critically depends on 
the synthesis method. Vacuum thermal evaporation is preferred for industrial production; however, post-
deposition structure formation processes remain insufficiently studied. The aim of this work is to 
investigate the kinetics of CsPbBr3 phase formation in freshly deposited films and its influence on 
optical properties. 

Films were deposited onto glass substrates in a vacuum chamber (VUP-4 setup) at a residual 
pressure of 10-5 Torr by co-evaporation from two independent sources. PbBr2 and CsBr were used as 
precursors in equimolar ratio (weight proportion 1.7:1). Optical transmittance and reflectance spectra 
were recorded using a Filmetrics F20 spectrometer immediately after deposition at 5 -min intervals in the 
400–1000 nm range. 

Freshly deposited films were found to exhibit anomalously high transmittance in the short-
wavelength region (λ < 500 nm). However, during the first 90 minutes of exposure to ambient 
conditions, a substantial increase in absorption is observed: the absorption coefficient at the excitonic 
peak wavelength (512 nm) rises from 0.7 to 0.97. Simultaneously, the film thickness increases from 715 
to 765 nm, indicating structural rearrangement of the material. Further air exposure does not lead to 
significant changes, suggesting completion of CsPbBr3 phase formation. 

A key finding is the reversibility of the process: placing samples in vacuum at any stage 
completely stops the observed changes, while re-exposure to air resumes them. This directly proves the 
crucial role of atmospheric water vapor as a catalyst for phase transformations. Based on electron 
microscopy and X-ray diffractometry data, it was established that the formation of the crystalline 
CsPbBr3 phase proceeds via intermediate Cs4PbBr6 and CsPb2Br5 compounds, which is consistent with 
recent literature reports [2,3]. The process resembles "dissolution" of the initial components followed by 
crystallization of the target phase, indicating a dual liquid-solid nature of the system at the initial stages. 

The obtained results have important technological implications. Fabrication of multilayer 
structures directly in the vacuum chamber without subsequent air access may prevent the formation of 
the CsPbBr3 phase throughout the entire film thickness. Therefore, controlled post-deposition air 
exposure for ~90 minutes is an essential step to achieve the required optical properties and can be used 
as a simple method for controlling film quality without additional thermal annealing.  
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In this article, the relative error curves of the triggers were constructed by selecting only one pair 
of output voltages and performing only one calculation of the relative errors of the threshold voltages. 
During a step-by-step change of pairs of output voltages, their corresponding reference voltages change 
by the same, certain step. The idea of an optimal operating range has been proposed, within which the 
smallest relative error can be ensured, up to 0%. For two triggers with equal hysteresis, unipolar, with 
positive and negative symmetric threshold voltages, the feedback coefficients are also equal to each 
other. In the case of unipolar threshold voltages, depending on the polarity, the relative error curves are 
distributed in the 1st and 3rd or 2nd and 4th quadrants of the graph. For both symmetrical and 
asymmetrical bipolar threshold voltages, the pair of relative error curves is distributed in all quadrants of 
the graph. In the case of unipolar positive threshold voltages, a trigger powered by a negative voltage is 
obtain, which follows only signals with a positive sign. The signals received from the trigger are 
transmitted to negative logic circuits. In the case of unipolar negative threshold voltages, it obtained a 
trigger powered by a positive voltage, which follows only signals with a negative sign. The signals 
received from the trigger are transmitted to positive logic circuits. The large errors that occur at the 
limits of the optimal operating range for symmetric and asymmetric threshold voltages are reduced many 
times over using the back-calculation method proposed in this article, when all the parameters of the 
trigger circuit are justified and the errors are controllable. The ways of applying the new peculiarities 
have been proposed that lead to an increase in the functional capabilities of the trigger and an additional 
reduction in the level of relative input errors.  

 
Keywords: Schmitt trigger, inverse problem, threshold voltage, reference voltage, output voltage, 

relative errors of voltages, optimal operating range, positive logic, negative logic.  
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Flexible solar cells (SCs) are superior to traditional ones, in particular, in terms of specific power and 

mechanical flexibility, which allows their integration into buildings, portable electronics and objects with 

curved surfaces. Flexible SCs based on CdTe, Cu(In,Ga)Se2, organic and perovskite materials have achieved 

significant efficiency (up to ~23.6%). However, limited availability, high cost of the constituent elements (In, 

Ga and Te) and their toxicity (Cd, Pb) limit the large-scale production of such SCs. Moreover, SCs based on 

organic compounds and perovskites are still unstable. In this regard, it is necessary to develop SCs based on 

accessible and environmentally friendly components that are resistant to operating conditions. Among the 

promising materials, the Cu2NiSn(S,Se)4 (CNTSSe) compound stands out, consisting of common and non-

toxic elements. It has a suitable band gap and a high absorption coefficient (>104 cm-1). However, CNTSSe 

thin films have been little studied. Therefore, to realize the potential of this technology, a detailed study of  

the synthesis and physical properties of the CNTSSe absorber layer is necessary.  

In this study, CNTSSe films were produced on glass/Mo substrates and titanium foil using a two-step 

method. In the first step, Cu-Ni-Sn precursors with different element ratios were obtained using magnetron 

sputtering. Metallic layers were deposited layer-by-layer on pre-treated substrates in the Cu/Sn/Ni sequence.  

The deposition parameters for Cu, Sn, and Ni were 200 W (60 sccm Ar), 60 W (60 sccm Ar), and 130 W 

(90 sccm Ar), respectively. In the second step, the precursors were heat-treated in chalcogen vapor under an 

inert atmosphere using a vacuum tube furnace. Heat treatment was performed at 350 °C for 30 min or 560 °C 

for 10 min. The structural, morphological, and optical properties of the samples were studied using X-ray 

diffraction, atomic force microscopy, and optical spectroscopy. 

It was found that the substrate type (glass/Mo and Ti-foil) does not affect the elemental ratio or surface 

morphology of the Cu-Ni-Sn precursors. Moreover, the surface morphology of the precursors is directly 

determined by their elemental composition: a decrease in copper content and an increase in tin content leads 

to a gradual increase in the average grain size to ~500 nm. Over the entire studied range of  

Cu/(Sn+Ni) = 0.61–0.85 and Sn/Ni = 1.01–1.39, the Cu-Ni-Sn precursors were polycrystalline in nature, had 

a multiphase composition (Cu, Sn, Ni, Cu6.26Sn5), and were characterized by a uniform distribution of the 

constituent elements over the substrate surface. 

The synthesized CNTSSe thin films were polycrystalline in nature and had a cubic crystal structure, 

regardless of the substrate type. The CNTSSe films obtained from precursors with a ratio of  

Cu/(Sn+Ni) ≈ 0.86 and Sn/Ni ≈ 1.08 and annealed at a higher temperature of 560 °C had the closest 

composition to stoichiometry. These conditions ensure the formation of films close to single-phase with a 

dense, grainy morphology free of pores and cracks. Furthermore, the unit cell parameters of CNTSSe,  

regardless of the substrate type, were similar and fell within the range of values for the extreme compositions 

of CNTS (5.425 Å) and CNTSe (5.705 Å). The surface roughness parameters of CNTSSe films on glass/Mo 

and Ti-foil substrates varied in the ranges of 48–84 nm and 65–102 nm, respectively, which are comparable. 

The band gap width of the films (1.6–1.8 eV) was determined in all cases by the film composition and was 

also independent of the substrate type. 

Thus, the substrate type (flexible Ti-foil or rigid glass/Mo) does not critically affect the structural and 

optical properties of the CNTSSe films. This confirms the feasibility of using titanium foil to create efficient 

flexible solar cells, as the key characteristics of the absorbing layer: morphology, stoichiometry, and band 

gap, remain identical to those of traditional glass-based samples. 

 

This work was supported by the Belarusian Republican Foundation for Fundamental Research (grant 

No. Ф25УЗБ-097) and Fund for Financing Science and Support of Innovations of the Republic of Uzbekistan 

(grant No. FL-8824063350). 
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In this work, the effect of additional annealing in selenium atmosphere on the loss kinetics of 

photogenerated current carriers in the AgxCu1-xGaSe2 (0 ≤ x ≤ 1) chalcopyrites, which are promising as 
an absorbing layer of photocathodes, is studied.  

The AgxCu1-xGaSe2 (0 ≤ x ≤ 1) solid solution powders were synthesized by multi-step solid-
phase ampoule synthesis. An additional annealing step of the samples was carried out in a flow reactor 
in an atmosphere of excess selenium (0.5 g) at T = 750 °C for 1 h. The loss kinetics of photogenerated 
current carriers were studied in a contact-free manner via time-resolved microwave photoconductivity 
method at 36 GHz [1] (Universal Research Facility «Unit for determining the lifetime of photogenerated 
current carriers by measuring microwave photoconductivity in the frequency range of 36 GHz») in a 

wide temperature range (+30-80 °C). The 
photoconductivity was excited by an LGI 505 nitrogen 
laser (λ = 337 nm, tpulse~ = 8 ns). The detection circuit 
temporal resolution was ~5 ns. The maximum incident 
light flux density was 10¹⁶ photons/cm² per pulse. The 
light intensity was varied via filters. 

The measured decays of microwave 
photoconductivity were well approximated by one or the 
sum of two exponential components: "fast" and "slow". 
A detailed analysis of the decays showed that the "fast" 
component of the photoresponse is caused by a 
combination of first-order (capture of current carriers on 
traps) and second-order (recombination of free electrons 
and holes) processes. The formation mechanism of the 
"slow" component of the photoresponse includes the 
processes of recombination of trapped current carriers 
with free ones and their thermal release from them. Fig. 
1 shows the dependence of the decay time of "slow" 

component of the photoresponse, slow. It can be seen 
that additional annealing of AgxCu1-xGaSe2 in selenium 
atmosphere in most cases leads to a significant increase 

of slow. It is assumed that this process leads to a decrease 
in VSe, and thus, the number of deep electron traps 
decreases. It can be noted that a similar dependence was 
observed in [2]. 

 
[1] Novikov G.F., Marin in A.A., Rabenok E.V. Microwave measurements of the pulsed 

photoconductivity and photoelectric effect // Instruments and Experimental Techniques. – 2010. – V. 53. – Iss. 2. – 

P . 233-239. 

[2] Rakitin  V.V., Gapanovich M.V., Lutsenko D.S., Nazarov V.B., Stanchik A.V., Gremenok V.F., 

Kabyliatski A.V. Studying the Effect of Composition  on the Crystal Structure, Optical Properties, and 

Photogenerated Current Carriers Lifetimes in Ag x Cu1–xGaSe2 (0 ≤ x ≤ 1) So lid So lutions // H igh Energy 

Chemistry. – 2024. – V. 58. – Iss. 5. – P. 492-498. 
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Fig. 1. Dependence of the decay time of 

"slow" component of the photoresponse on 

the AgxCu1-xGaSe2 composition 
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In this paper, we present the results of modeling and computer simulation of heat propagation 

processes features in a four-layer thermoelectric sensor consisting of a SiO2 antireflection layer, a W 
absorber, a La0.99Ce0.01B6 thermoelectric layer, and a Mo heat sink stacked sequentially and placed on a 
dielectric Al2O3 substrate. Thermalization at the center of the absorber surface was studied for single 
photons with energies E of 0.8, 1.65, and 3.1 eV. The sensor operating temperature To was 0.5, 1.0, and 
1.5 K, and the surface area A were 100, 4, and 1 μm2. The thicknesses of the antireflection layer and 
absorber were selected to ensure minimal reflection and maximum absorption of photons at the 
considered energies. The thickness of the thermoelectric layer, heat sink, and substrate were fixed at 10, 
10, and 100 nm, respectively, in all calculations.  

Heat transfer processes in the sensor were studied using a three-dimensional matrix method based 
on the heat propagation equation for a limited volume [1, 2]. Temperature temporal dependences in 
various sensor regions and averaged surface temperatures of the layers were calculated [3]. The 
characteristics of heat propagation in the sensor resulting from the introduction of an antireflection layer 
were analyzed. The parameters of the average temperature gradient ΔTa induced at the boundaries of the 
thermoelectric layer were determined (Fig. 1, A = 100 µm2, To = 0.5 K).  

 
Fig. 1. Temporal dependences of the average temperature gradient: (a) – E = 0.8 eV, (b) – E = 3.1 eV.  

 
The equivalent noise power, signal power, and signal-to-noise ratio of the sensor were calculated. 

Maximum signal-to-noise ratio of 4.95 was obtained for a sensor with a surface area of 1 μm2 operating 
at 0.5 K when absorbing a photon with an energy of 3.1 eV. 

This work was supported by the Higher Education and Science Committee of the Ministry of 
Education, Science, Culture, and Sport of the Republic of Armenia, in the frames of the research project 
№24WS-1C016 “Development of high performance and broadband nanoscale thermoelectric single -
photon detector”. 
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We investigated the characteristics of a single-photon thermoelectric detection pixel consisting of 

sequentially arranged layers of molybdenum, lanthanum-cerium hexaboride, tungsten, and silicon oxide 
on a sapphire substrate. Fig. 1 shows the general view of the detection pixel. 

 
Fig. 1. Four-layer detection pixel of TSPD. 

. 
High-performance single-photon detectors are in demand in various fields of modern science and 

advanced technology. Their key characteristics include operating temperature and spectral range, 
detection pixel dimension, system detection efficiency, and count rate. Different types of detectors have 
varying sets of characteristics, allowing one to select the most optimal detector (thermoelectric detectors 
have some advantages) for a specific task. The results of modeling and computer simulation of heat 
propagation in thermoelectric detection pixels with surface areas A of 1 – 100 μm2 and operating 
temperatures To of 0.5 – 1.5 K after absorbing photons with energies E of 0.8 – 3.1 eV are presented. The 
features of the temporal dependence of temperature in various areas of the detection pixel due to the 
inclusion of a SiO2 layer in the sensor design are determined (Fig. 2).  

 
Fig. 2. Temporal dependence of the temperature difference in the center and at the edge of the SiO2 layer s 

urface of the thermoelectric detection pixel with different surface areas: E = 0.8 eV, To = 0.5 K. 

 
The power of the signal generated at the detection pixel, the equivalent noise power, and the 

signal-to-noise ratio are calculated. The obtained results demonstrate that single-photon detection is 
possible using the proposed four-layer thermoelectric detection pixel design; however, it cannot ensure 
high system efficiency in the considered range of the electromagnetic spectrum.  

This work was supported by the Higher Education and Science Committee of the Republic of 
Armenia under Project No. 25RG-1C065, “Development of a New Design of a Thermoelectric Detector 
for Single Infrared Photons”. 
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The development of transport systems and the safe organization of road traffic remain among the 

primary challenges faced by modern cities. This study presents the design and experimental testing of a 
microcontroller-based traffic light control model for urban intersections. The project aims to provide both 
educational and practical value by demonstrating a system that ensures safe crossing for vehicles and 
pedestrians. Sequential control of red, yellow, and green signals is implemented to regulate traffic flow 
and enhance safety. The proposed model serves as a foundation for training, simulation, and further 
research in intelligent transport systems. 

The role of traffic lights in urban traffic management is critical for ensuring safety and efficiency. 
This study explores their advantages and examines the capabilities of microcontrollers in implementing 
control systems. Programming environments, algorithm development, and electronic circuit design were 
analyzed in detail. The project followed a structured development process, including the formulation of 
technical requirements, circuit design, software implementation, assembly, and testing. The resulting 
microcontroller-based traffic light control model demonstrates both educational and practical value, 
offering a foundation for training, simulation, and further research in intelligent transport systems.  

The next step of the project will be an intelligent traffic signal control system developing using 
low-cost, readily available components and HC-SR04 ultrasonic sensors. Conventional traffic lights rely 
on fixed timers, which often result in unnecessary delays and congestion during low-traffic periods. Four 
ultrasonic sensors continuously will monitor vehicle presence across four lanes. The sensor unit (Arduino 
Uno) (Fig. 1.) will collect proximity data and send it via I2C communication to the control unit (Arduino 
Nano) (Fig.2.), which will adjust signal timing in real time. The control unit full design is shown in Fig.3.  

 

 

Figure 1Traffic lights model Figure 2 Sensor unit 

Figure 3. Control unit final design 



 

IRPhE’2026 P_EL7 

 

System for operative measurement of voltage  

induced in objects moving with acceleration 
 

N. Yezakyan1, 2, K. Mirzoyan1, S.Sargsyan1, L. Madosyan1 
 

1
Institute of Radiophysics and Electronics, Alikhanian Brothers str. 1, 0203 Ashtarak, Armenia  

2
National Polytechnic University of Armenia, Teryan 105, 0009, Yerevan,Armenia, 

 

This paper presents a measurement and data acquisition system designed to record the voltage 
induced by an airflow-driven generator mounted on an accelerating object. 

The system is based on the Arduino control platform and activated through a specially designed 
electronic circuit. The circuit incorporates a memory module for storing the induced voltage values 
acquired during the measurements. After the completion of the measurement process, the recorded data 
are exported from the system, transferred to a computer, and subjected to further processing and analysis.  

The developed system can be applied in various fields, including: 
• estimation of airflow velocity and motion parameters during transient flight conditions of small 

aircrafts, gliders, and experimental unmanned aerial vehicles (UAVs), particularly during rapid 
maneuvers and acceleration phases; 

• real-time measurement of airflow velocity during aerodynamic testing of sports cars and other 
moving objects; 

• rapid assessment of airflow dynamics in the lower atmosphere during the ascent and acceleration 
phases of meteorological rockets and weather balloons; 

• other applications requiring real-time measurement and recording of airflow parameters acting on 
accelerating moving objects. 

 

Keywords: acceleration, induced voltage, real-time measurement, Arduino, data acquisition, 
airflow, generator, aerodynamic testing. 
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The Friedel phase shift sum rule describes in a quantum-mechanical way the phenomenon of 
electronic screening of charged impurities in solids and ions in plasmas [1]. It has been suggested by 
several research groups that for impure two-dimensional Fermi electron gas systems the analog of the 
Friedel rule displays the following form, 

2
( )m F

m

Z k




=−

=  .                                                                      (1) 

Above, Z  is the charge number of the impurity surrounded by degenerate electrons with sheet density
2~s Fn k , and ( )m Fk is the phase shift of the Fermi-circle electron in the m -th partial-wave scattering 

channel.  In this poster presentation, the objective is to examine the analytical structure of the rule (1) on 
the basis of a semi-classical treatment of the self-consistently screened electron-impurity interaction. The 
results of such a treatment are discussed from the standpoint of the Friedel adjustment procedure for 
screened coulomb potentials.  

[1] G. Faussurier, C. Blancard, Phys. Plasmas 28, 042710 (2021); Erratum: ibid. 33, 039903 (2026). 
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Galitski et al [1] have shown that for the three-dimensional case of a particle in an attractive 

central field of force the fulfillment of the inequality, 

   

   ( )
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0 02
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,    (1)      

 

is a necessary condition for the existence of a bound state with the binding energy
0 . Above, ( )U r  is the 

attractive potential, and m is the mass of the particle.  
In this presentation the aim is to examine the analogue of the inequality (1) for the bound state 

problem in continuous radial dimensions. Our approach is heuristic and utilizes the analytic structure of a 
validity criterion for the plane-wave Born approximation. A contact is made with the theory of loosely 
bound states that appear without threshold.  
 
[1] V. Galitski, B. Karnakov, V. Kogan, and V. Galitski, Jr., Exploring Quantum Mechanics  

     (Oxford Univ. Press, Oxford, 2013). 
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 To produce silver nanoparticles, a passively mode-locked (Q-switched) Nd:YAG laser is used, 
operating simultaneously at the fundamental wavelength (λ = 1.06 µm) and the second -harmonic 
wavelength (λ = 0.53 µm). This laser configuration enables the production of silver nanoparticles ranging 
in size from 10 to 100 nanometers. The laser pulse duration is up to τ = 80 ns, the pulse energy is 30 mJ, 
and the repetition rate is 30 Hz. When high-power laser radiation at the fundamental wavelength of λ = 
1.06 µm is focused onto a silver (Ag) target immersed in DMSO, micro-explosions occur on the silver 
surface, releasing silver nanoparticles of various sizes that subsequently disperse into the liquid. The 
nanoparticle sizes are predominantly around 1000 nm (Fig. 1). 
 

 
 

 Fig. 1 

 
 Subsequently, the formed nanoparticles are fragmented by exposure to the second harmonic (λ 
= 0.53 µm). The green radiation (532 nm) falls within the surface plasmon resonance region of silver, the 
peak of which lies between 400 and 420 nm. It is intensely absorbed by the forming nanoparticles directly 
in the solution, inducing their photofragmentation (breakup); ultimately, silver nanoparticles ranging from 
10 to 100 nanometers in size are obtained in the solution (Fig. 2).  

 

 
      Fig. 2 
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    ∑  i = 1  n    U і  cos ⁡    𝜔  i t


  i =  [   ∏  i = 1  n    ∑    p і = − ∞ ∞    I    p і  (   U  i   d  d   U 0 ) e x p j   p  i   𝜔 і t ]   f  (   U 0 )


  q =  [   ∏  i = 1  n    ∑    p і = − ∞ ∞    I    p і  (   U  i   d  d   U 0 ) e x p j   p  i   𝜔 і t ]   q  (   U 0 )


  u ( t ) =   u 0 +   u 1  cos ⁡  𝜔 t +   u  n   cos ( n ⁡  𝜔 t +   𝜑  n )


  u ( t ) =   u 0 +   u 1   cos ( n ⁡  𝜔 t +   𝜑 1 ) +   u  n cos 𝜔 t .                                                                        


  n 𝜔  ( n + 1 ) − p  ( n )


  p  ( n + 1 ) + 1 ,


     ( n ) n 𝜔   −  ( np − 1 ) n 𝜔                                                 p  ( n + 1 ) − 1 .


  n  ( p + 1 ) n 𝜔 − p  ( n 𝜔 )  


  p  ( n + 1 ) + n


    p  ( n ) 𝜔 − n  ( p − 1 ) 𝜔                                               p  ( n + 1 ) − n .
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