
PHYSICS AND CHEMISTRY 

OF SOLID STATE 
V. 27, No. 3 (2026) pp. 505-509 

 Vasyl Stefanyk Carpathian 

National University 

Section: Physics 

DOI: 10.15330/pcss.27.3.505-509 

ФІЗИКА І ХІМІЯ ТВЕРДОГО ТІЛА 

Т. 27, № 3 (2026) С. 505-509 

Фізико-математичні науки 
 

505 

PACS: 75.30.Hx  ISSN 1729-4428 (Print) 

ISSN 2309-8589 (Online) 

O.V. Kinzerska1, M.M. Slyotov1, T.M. Mazur2, O.M. Slyotov1, M.Р. Mazur2 

Faraday Effect in ZnSe Crystals Doped with Transition Metals 

1Yuri Fedkovich Сhernivtsi National University, Chernivtsi, Ukraine, oksanakinzerska@gmail.com; 
2Ivano-Frankivsk National Technical University of Oil and Gas, Ivano-Frankivsk, Ukraine, tetiana.mazur@nung.edu.ua  

The Faraday effect in zinc selenide crystals doped with transition metal impurities has been investigated. It 

has been established that magnetic impurities cause the formation of right- and left-handed components of circular 

polarisation of radiation due to the interaction of charge carriers with ions of the crystal lattice. In a longitudinal 

magnetic field, this leads to the appearance of different spectral components of radiation and the rotation of the 

plane of polarisation of light. The dispersion dependencies of the Verdet constant for the studied samples were 

determined. It has been shown that doping ZnSe base substrates with Mn and Co impurities leads to the formation 

of a paramagnetic state, while Fe impurities cause the appearance of ferromagnetic properties in the material. 
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Introduction 

Wide-bandgap II–VI compound semiconductors 

attract considerable attention from researchers due to their 

unique electronic and optical properties, which open up 

broad opportunities for the creation of modern 

optoelectronic and photonic devices. Among such 

materials, zinc selenide (ZnSe) occupies a special place, 

characterised by a direct bandgap structure and a large 

bandgap width. Thanks to these properties, ZnSe is a 

promising material for the manufacture of light-emitting 

diodes, laser radiation sources, photodetectors and other 

devices operating in the short-wave blue-blue region of 

the spectrum [1,2]. 

It is known that the physical properties of ZnSe can 

change significantly due to the introduction of various 

impurities. Doping with elements of groups I, III, V, and 

VII of the periodic table allows controlling the electrical 

and optical characteristics of the material, which is 

important for optimising the parameters of semiconductor 

devices. Of particular interest is doping with isovalent 

impurities, which contributes to increasing the 

temperature and radiation stability of the material, as well 

as ensuring effective generation-recombination processes 

with high quantum efficiency of radiation [3,4]. 

The doping of ZnSe with transition metal impurities 

is of particular scientific and practical interest. In this case, 

so-called diluted magnetic semiconductors can be formed, 

which are characterised by strong exchange interactions 

between localised magnetic moments of transition metal 

ions and charge carriers in the allowed energy zones. Such 

interaction significantly affects the electronic structure of 

the material and can lead to the emergence of various 

magnetic states – diamagnetic, paramagnetic or 

ferromagnetic, depending on the type and concentration of 

the impurity [5–7]. The study of such materials is 

important not only for fundamental semiconductor 

physics, but also for the development of new areas of 

electronics, in particular magneto-optics and spintronics.  

One of the effective methods for studying the 

interaction of charge carriers with magnetic impurities is 

the analysis of magneto-optical phenomena. Such 

phenomena include the Faraday effect, which consists in 

the rotation of the polarisation plane of linearly polarised 

light as it passes through a substance in a longitudinal 

magnetic field. The spectral dependencies of the Verdet 

constant, which characterises the amount of rotation of the 

polarisation plane, contain important information about 

the electronic structure of the material, the nature of 

interband and intracentre transitions, as well as the role of 

impurity centres and crystal lattice defects in the 

formation of the optical and magnetic properties of 
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semiconductors [8–12]. 

Despite a significant number of studies on the 

magneto-optical properties of II–VI group 

semiconductors, the influence of transition metal 

impurities on the formation of the Faraday effect in ZnSe 

crystals has not been sufficiently studied. In particular, the 

peculiarities of the spectral behaviour of the Verdet 

constant and the relationship between the type of magnetic 

impurity and the magnetic state of the material require 

further study. 

In this regard, the aim of this work is to study the 

Faraday effect in ZnSe crystals doped with 3d transition 

metal impurities (Mn, Fe, Co) and to establish the patterns 

of change in their magneto-optical properties. 

I. Samples and Experimental Methods 

ZnSe plates measuring 4×4×1 mm³, cut from bulk 

crystals, served as the base substrates. The latter were 

obtained from a melt of stoichiometric composition under 

inert gas pressure. These specially unalloyed ZnSe 

crystals are characterised by fairly high concentrations 

(~1020 cm-3) of cationic 𝑉𝑍𝑛 and anionic 𝑉𝑆𝑒 vacancies, 

which are deep acceptors and shallow donors, respectively 

[13]. At the same time, at room temperature, the base 

substrates have a fairly low electronic conductivity  

(𝜎𝑛 ≤ 10-9 Ohm-1·cm-1). It was determined using a 

standard method for this type of research [14]. 

To obtain ZnSe layers with 3d impurities, the closed-

volume diffusion method was chosen. For this purpose, 

after preliminary treatment, the substrates were placed in 

a quartz ampoule together with a sample of one of the 3d 

elements of semiconductor purity. Their amount was 

determined by the condition of saturated vapour formation 

at the maximum annealing temperature 𝑇𝛼
𝑚. Along with 

the 3d element, a charge of elemental selenium was also 

loaded into the ampoule. Its weight ensured the creation 

of excess pressure, which prevents erosion of the substrate 

surface. In the experiment, after diffusion, the surface 

remains mirror-like, which is important for further optical 

studies (without additional processing). It is also 

important with this amount of Se to prevent the 3d element 

from entering the anion sublattice (Se sublattice). Under 

these conditions, the condition for the entry of impurities 

into cationic (zinc) nodes is realised, which is a 

fundamental condition for the substitution of 3d elements 

when doping III-V and II-VI compounds with them [15-

18]. 

Spectral characteristics were determined using known 

methods [19,20]. An MDR-23 diffraction device was used 

as a spectral device, and photodetectors ensured reliable 

signal registration in the spectral range of 0.82-0.27 μm. 

II. Discussion of the Experimental Results 

As is known [14], the Faraday effect consists in the 

rotation of the plane of polarisation when linearly 

polarised light passes through a substance located in a 

longitudinal magnetic field. In the approximation of 

classical electron dispersion, this process is caused by the 

difference in the phase velocities of light waves of left and 

right circular polarisation as they propagate along the 

magnetic field in the material. Accordingly, the angle of 

rotation of the plane of polarisation is [21,22] 

 

 Ө = 𝑉 ∙ 𝐻 ∙ 𝑑,   (1) 

 

where H is the magnetic field strength; d is the thickness 

of the sample; and V is the Verdet constant, which in turn 

depends on the frequency of light and the nature of the 

substance. 

In the Faraday effect, the magnetic field splits the 

energy levels of atoms according to the Zeeman effect, 

accompanied by the appearance of new electronic 

transitions. In wide-bandgap semiconductors, such 

transitions are interband, exciton, and intraband. Impurity 

and intrinsic lattice defects also play an important role in 

the formation of transitions. The contribution of each of 

them is determined by many factors, among which the 

most important are the parameters of the material, the 

conditions of the experiment (temperature, magnetic field 

strength, light wavelength, etc.), the type and 

concentration of magnetic impurities. They affect the 

nature of the interaction of charge carriers in the allowed 

energy zones with the ions of the substance and thus affect 

the rotation of the polarisation plane. Accordingly, so-

called semi-magnetic semiconductors [17] are of 

particular importance. Their characteristic feature is the 

ability, depending on the magnetic component content and 

the experimental temperature, to cause the formation of 

diamagnetic, paramagnetic or ferromagnetic states. 

The Faraday effect in ZnSe is investigated and the 

influence of transition metal impurities Mn, Fe, and Co on 

the rotation of the polarisation plane is analysed. Fig. 1 

shows the spectral dependencies (dispersion curves) of the 

Verdet constant, which was calculated using equation (1). 

The study of the angle of rotation of the polarisation plane 

was carried out at T = 77 K and a field strength of 

H = 10000 V/m with a sample thickness of 𝑑0 ≈ 0.1 cm. 

 

 
Fig. 1. Spectral dependencies of the Verdet constant 

calculated using equation (1). 

 

 

An increase in the constant Verda with an increase in 

the energy of the light quantum is observed for all studied 

samples, which is characteristic of the diamagnetic state 
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of matter [18,22]. The transition metal impurity is not 

distributed throughout the entire volume of the sample, 

but, in accordance with the laws of diffusion layer 

formation, covers a certain diffusion layer with a thickness 

d [15]. Its value is less than the thickness of the studied 

sample 𝑑0. Accordingly, in order to establish a reliable 

spectral dependence of the Verdet constant in doped 

samples, it is necessary to determine the difference 

between the values of the Verdet constant V for doped 

ZnSe: Me and its value at the same photon energy ħ𝜔 for 

basic ZnSe crystals. The obtained values are shown in 

Fig. 2. 

 

 

 
Fig. 2. Spectral dependencies of the Verdet constant. 

 

 

Characteristic dispersion curves of the Verdet 

constant dependence on photon energy V(ħ𝜔)
 

are 

observed. Their nature is determined by the corresponding 

magnetic state of the doped material. It is necessary to note 

the shift of the spectral interval, as well as the change in 

the sign of the value, namely, a negative value. All 

dependencies are characterised by an increase in the 

Verdet constant with an increase in the energy of the light 

quantum. For the base unalloyed substrate, the V(hω) 

dependence is characterised by a nonlinear nature with a 

fairly rapid change in the Verdet constant. Such properties 

are characteristic of the diamagnetic state of matter. 

Doping zinc selenide with Mn and Co impurities brings 

them into a paramagnetic state, which is confirmed by a 

change in the sign of magnetisation. When alloyed with 

Fe, the value of the Verdet constant decreases with an 

increase in the energy of the light quantum and the degree 

of change in the value of V(ħ𝜔)). Such properties are 

characteristic of the ferromagnetic state of matter [17,18]. 

Thus, basic unalloyed ZnSe crystals are typical 

materials with diamagnetic properties. Dispersion curves 

of the Verdet constant dependence on photon energy 

V(hω) are characterised by a nonlinear increase in the 

constant with increasing photon energy. Doping basic zinc 

selenide substrates with transition metal elements Mn and 

Co brings them into a paramagnetic state, and Fe into a 

ferromagnetic state. This is evidenced by a change in the 

sign of magnetisation. For the ferromagnetic state, a linear 

dependence of magnetisation on photon energy is 

observed. 

Conclusions 

The work experimentally investigates the Faraday 

magneto-optical effect in ZnSe crystals doped with 3d 

impurities of transition metals Mn, Fe, and Co, and 

establishes the peculiarities of the formation of their 

magneto-optical properties in comparison with the known 

literature data [17,18] for other materials. 

1. For the first time, spectral dependencies of the 

Verdet constant in a wide range of photon energies at 

liquid nitrogen temperature were determined for ZnSe 

crystals with diffusion-introduced transition metal 

impurities. It has been shown that unalloyed ZnSe crystals 

are characterised by a nonlinear dispersion dependence of 

the Verdet constant typical for diamagnetic materials, with 

its value increasing with increasing photon energy. 

2. It has been established that the introduction of 

magnetic 3d impurities significantly modifies the 

magneto-optical properties of zinc selenide. Mn and Co 

doping leads to the formation of a paramagnetic state of 

the material, which manifests itself in a change in the 

nature of the dispersion dependencies of the Verdet 

constant and the appearance of specific features in the 

spectral region of the study. 

3. It has been shown that doping ZnSe with Fe 

impurities causes the formation of a ferromagnetic state in 

the diffusion layer, accompanied by a change in the sign 

and nature of the spectral dependence of the Verdet 

constant. The results obtained indicate the significant role 

of exchange interaction between localised magnetic 

moments of 3d ions and charge carriers in the formation 

of the magneto-optical properties of the material. 

4. The established patterns of change in the Verdet 

constant depending on the type of magnetic impurity 

confirm the possibility of controlling the magnetic state 

and magneto-optical parameters of ZnSe crystals by 

controlled doping with transition metals. 

5. The results obtained expand our understanding of 

the mechanisms of magneto-optical effects in 

semimagnetic semiconductors based on II–VI compounds 

and indicate the promise of using doped ZnSe crystals in 

magneto-optical modulators, magnetic field sensors, and 

other elements of modern optoelectronics. 

 

 

Acknowledgments.  

The research of T.M. Mazur was funded by the 

National Research Foundation of Ukraine (project 

2025.07/0427, “Newest complex probabilistic methods 

for studying asymptotic properties of analytical solutions 

of differential equations represented by multiple random 

series and integrals and their potential applications”, 

0126U002547). 

  



O.V. Kinzerska, M.M. Slyotov, T.M. Mazur, O.M. Slyotov, M.Р. Mazur 

 508 

 

Kinzerska O.V. – Candidate of Physical and Mathematical 

Sciences (PhD equivalent), Assistant Professor, 

Department of Printing, Multimedia and Optical 

Technologies. 

Slyotov M.M. – Professor, Doctor of Physical and 

Mathematical Sciences, Professor, Department of 

Printing, Multimedia and Optical Technologies. 

Mazur T.M. – Doctor of Philosophy (PhD), Associate 

Professor, Associate Professor, Department of Physical 

and Mathematical Sciences. 

Slyotov O.M. – Doctor of Physical and Mathematical 

Sciences, Ass. Professor, Department of Electronics and 

Energy Engineering. 

Mazur M.Р. – Candidate of Physical and Mathematical 

Sciences, Associate Professor, Associate Professor, 

Department of Physical and Mathematical Sciences. 

 

 

[1] A. Sadao, Properties of Semiconductor Alloys: Group-IV, III-V and II-VI Semiconductors. (New Jersey: Wiley, 

2009). 

[2] O. Ermakov, Applied Optoelectronics. (M.: Tekhnosfera, 416, 2004). 

[3] B. Dzundza, & all, Software and Hardware Complex for Study of Photoelectric Properties of Semiconductor 

Structures, IEEE 39th International Conference on Electronics and Nanotechnology (ELNANO), Kyiv, 635 

(2019); https://doi.org/10.1109/ELNANO.2019.8783544. 

[4] A.N. Georgobiani, M.K. Sheinkman, Physics of A2B6 compounds. (M. Mir, 320, 1986). 

[5] B.M. Bullah, P.P. Gorbik, M.K. Komashchenko, Heterostructures of solid-phase substitution based on single 

crystals of A2B6 compounds, FTP, 15(2), 357 (1981). 

[6] O.V. Kinzerska, I.M. Senko, M.M. Slyotov, O.M. Slyotov, T.M. Mazur, Features of the management of the rule 

of Urbakh in ZnSe:Yb crystals, Physics and Chemistry of Solid State, 24(3), 495 (2023); 

https://doi.org/10.15330/pcss.24.3.495-498. 

[7] V.I. Fistul, Physics and Chemistry of Solids. (M.: Metallurgy, V.2, 320, 1995). 

[8] M.М. Slyotov, T.М. Mazur, V. V. Prokopiv, O.М. Slyotov, M.Р. Mazur, Sources of optical radiation based on 

ZnTe/ZnSe/ZnS heterostructures, Materials Today: Proceedings, 62, 5763 (2022); 

https://doi.org/10.1016/j.matpr.2022.03.476.  

[9] V.P. Gribkovsky, The theory of absorption and emission of light in semiconductors (Science and technology, 

Minsk, 464, 1975). 

[10] T.M. Mazur, M.M. Slyotov, V.V. Prokopiv, O.M. Slyotov, M.P. Mazur, Light emitters based on II-VI 

chalcogenides with nanostructured surface, Molecular Crystals and Liquid Crystals, 752(1), 95 (2023); 

https://doi.org/10.1080/15421406.2022.2091276. 

[11] I. V. Horichok, L. I. Nykyruy, T. O. Parashchuk, S. D. Bardashevska, & M. P. Pylyponuk, Thermodynamics of 

defect subsystem in zinc telluride crystals. Modern Physics Letters B, 30(16), 1650172 (2016); 

https://doi.org/10.1142/S0217984916501724. 

[12] G. Wisz, P. Sawicka-Chudy, A. Wal, M. Sibiński, P. Potera, R., Yavorskyi, ... & O. M. Chernikova, Structure 

defects and photovoltaic properties of TiO2:ZnO/CuO solar cells prepared by reactive DC magnetron 

sputtering, Applied Sciences, 13(6), 3613 (2023); https://doi.org/10.3390/app13063613.  

[13] I.V. Tkachenko, Mechanisms of Defect Formation and Luminescence in Undoped and Tellurium-Doped Zinc 

Selenide Crystals. PhD Thesis (Physics and Mathematics), Specialty 01.04.10. Chernivtsi, 136, 2005. 

[14] Yu.V. Vorobyev, V.I. Dobrovolskiy, V.I. Strikha, Methods of semiconductor research. (K.: Higher School; 288, 

1988). 

[15] V.P. Makhnii, O.V. Kinzerska, K.S. Ulianytskyi, Method for Doping Zinc Selenide with Transition Metal 

Impurities. Patent of Ukraine No. 46928, IPC C30B31/00. Applicant and patent holder: Yuriy Fedkovych 

Chernivtsi National University. Application No. u200907592, filed July 20, 2009; published January 11, Bulletin 

No. 1, 2010. 

[16] T.M. Mazur, M.M. Slyotov, O.M. Slyotov, M.P. Mazur, Light emitters based on ZnSe, Low Temperature 

Physics, 51(2), 256 (2025). https://doi.org/10.1063/10.0035413. 

[17] V.I. Fistul, Atoms of Doping Impurities in Semiconductors. (M.: Fizmatlit, 432, 2004). 

[18] O.V. Kinzerska, Physical Properties of Zinc Selenide Crystals Doped with Transition Metals. PhD Thesis 

(Physics and Mathematics), Specialty 01.04.10. Yuriy Fedkovych Chernivtsi National University, Chernivtsi, 137, 

(2012). 

[19] V.I. Gavrilenko, A.M. Grekhov, D.V. Korbutyak, V.G. Litovchenko, Optical properties of semiconductors. 

Reference book. (K.: Naukova dumka, 608, 1987). 

[20] P.Yu., M. Kardona, Fundamentals of Semiconductor Physics. (M: Fizmatlit, 560, 2002). 

[21] P.I. Nikitin, A.I. Savchuk, Faraday Effect in Semimagnetic Semiconductors, Physics-Successes, 160(11), 167 

(1990). 

[22] A.M. Ermolaev, G I. Rashba, Faraday Effect in Conductors with Magnetic-Impurity Electron States, Low 

Temperature Physics, 23(11), 1211 (1997). 

 

 

https://doi.org/10.1109/ELNANO.2019.8783544
https://doi.org/10.15330/pcss.24.3.495-498
https://doi.org/10.1080/15421406.2022.2091276
https://doi.org/10.1142/S0217984916501724
https://doi.org/10.3390/app13063613
https://doi.org/10.1063/10.0035413


Faraday Effect in ZnSe Crystals Doped with Transition Metals 

 509 

 

О.В. Кінзерська1 М.М. Сльотов1, Т.М. Мазур2, О.М. Сльотов1, М.П. Мазур2 

Ефект Фарадея в кристалах ZnSe, легованих перехідними металами 
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Досліджено ефект Фарадея в кристалах селеніду цинку, легованих домішками перехідних металів. 

Встановлено, що магнітні домішки зумовлюють формування правої та лівої компонент колової поляризації 

випромінювання внаслідок взаємодії носіїв заряду з іонами кристалічної ґратки. У поздовжньому 

магнітному полі це призводить до появи різних спектральних компонент випромінювання та обертання 

площини поляризації світла. Визначено дисперсійні залежності сталої Верде для досліджуваних зразків. 

Показано, що легування базових підкладинок ZnSe домішками Mn і Co приводить до формування 

парамагнітного стану, тоді як домішка Fe зумовлює появу феромагнітних властивостей матеріалу. 

Ключові слова: селенід цинку, 3d-домішки, ефект Фарадея, стала Верде, магнітні властивості. 
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