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Abstract

Objectives. The aim of this paper is to attain and investigate the spectra of the magneto-optical transverse Kerr
effect (TKE) in Co,(Co0),_, nanocomposites, to compare the obtained results with experimental data, and identify
their specific features. Magneto-optical spectroscopy is a method for non-destructive testing and research of a wide
class of nanostructures with promising and interesting properties, and such studies are essential in terms of both
fundamental and practical aspects.

Methods. Computer modeling is used as part of the promising effective medium method. This is in the form of the
Bruggeman approximation, according to which the structure under study is replaced by a medium with effective
properties.

Results. TKE experimental spectra were studied and Kerr effect spectra in the range of 1.5-3.0 eV were obtained
by computer modeling. In this case, the modeling is performed by means of two methods, ignoring and considering
the quasiclassical size effect. The final result is the comparison of the model and experimental Kerr effect spectra,
in which the influence of size effects on the appearance of the TKE spectra is shown. The reliability of methods
is well confirmed by comparing the results obtained with empirical data. The value of the results obtained stems
from the fact that all the calculated parameters of the nanocomposite under study and the shape of TKE spectral
dependencies are in good agreement with the observation results.

Conclusions. The optimal parameters of the sample under study are established as part of computer modeling:
form factor, average granule size, and the anomalous Hall effect coefficient. The described approach allows the
magneto-optical properties of promising nanomaterials to be studied in a non-contact and non-destructive manner.
These results are useful for creating new types of devices as well as electronics and nanoelectronics elements.
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Marnauroontu4eckui 3kBaropuajabHbii 3¢ Ppext Keppa

B HaHokommno3uTax Co (CoO),_,

M.M. SAwuH @,
B.E. PAGyxuH,
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MUP3A — Poccuiickunii TexHosiorndecknii yamsepceutet, Mocksa, 119454 Poccus
@ AsTOp Ana nepenvcku, e-mail: yashin@mirea.ru

Pesiome

Lenu. Llenbio paboTbl ABNASETCS NONYYEHME U UCCNE0BaHNE CMEKTPOB MarHUTOOMTUYECKOrO 9KBATOPUAIbHOIO
adoexra Keppa (93K) B HaHokomnosutax Co,(Co0),_,, CpaBHeHMe NoSTyHeHHbIX Pe3y/ibTaToB C dKCNepuMeHTasb-
HbIMW J@HHbIMU, BbISIBIEHNE NX 0COBeHHOCTeN. [TopobHble nccnenoBaHns ABNAOTCSA, 6€3yCNOBHO, BXHbIMU, Kak
Cc GyHOAMEHTaNbHOM TOYKM 3PEHNS, Tak U C NPaKTUYECKON, T.K. MarHUTOONTMYECKAs CNEKTPOCKOMNUSA — METOo[, He-
pas3pyLualoLLEero KOHTPOS U UCCIEA0BaHMS LWMPOKOro Klacca HaHOCTPYKTYP C MEPCNEKTUBHBIMU U UHTEPECHBIMU
CBOWCTBaMW.

MeToabl. N AOCTUXEHUS MOCTABEHHONM LLENN NPUMEHSNIOCh KOMMbIOTEPHOE MOJENMPOBaHME B pamkax nep-
CMNEeKTMBHOro MeToza addeKTUBHOM cpeapbl — NpubnuxeHns BpyrremaHa, cornacHo KOTOpoMy nccneayemas CTpyk-
Typa 3aMeHsieTcs cpenomn ¢ adPeKTUBHLIMN CBONCTBAMM.

PesynbTatbl. /13y4eHbl akcneprmMeHTanbHble cnekTpbl QK 1 B paMkax KOMMbIOTEPHOrO MOAENMPOBAHWS NOJyYe-
Hbl cnekTpbl 3ddekTa Keppa B ananasoHe 1.5-3.0 3B. Mpn aTom MogenrpoBaHue NpoBOANIIOCE ABYMS Criocobamu:
0e3 yyeTa 1 C y4eTOM KBa3nKIacCM4eckoro pa3amepHoro adpdekra. KoHeYHbIM pe3ynbTaTtom CTasio COMNoCTaBNeHe
MOJENbHbIX 1 3KCNEPUMEHTasbHbIX CrekTpoB addekTa Keppa, rae 66110 nokasaHo BAUsSHUE pa3dMepHbIX 3P hEKTOB
Ha Bupa, cnektpoB IOK. JOCTOBEPHOCTb METOAMK XOPOLUO MOATBEPXAAETCH CPABHEHMEM MOJNYYEHHbIX Pe3yfbTa-
TOB C 3MMNUPUYECKNMM JAHHBIMU, @ LLIEHHOCTb MOJY4EHHbIX PE3Y/bTaTOB 00YC/IOBNEHA TEM, YTO BCE pacCYMTaHHbIE
napameTpbl 06CYXAAaeEMOro HAHOKOMMNO3uTa 1 popma CnekTpanbHbIX 3aBucumocTtelrt 93K xopoLlo cornacytTcs
C pesynbTaTamun HabnaeHNA.

BbeiBoAbI. B pamkax KOMMNbIOTEPHOrO MOAENVMPOBAHMS YCTAHOBNIEHBI ONTHMaSIbHbIE MAPaMeTpPbl UCCnenyemMoro 00-
pasua: dopm-dpakTop, CpeaHnii pasmep rpanys, KoapduuneHT aHoMmanbHoro addekta Xonna. OnncaHHbIN Noaxon,
No3BoJISeT 6ECKOHTAKTHBIM 1 HEPA3PYLLUMMbIM CMOCOOOM M3y4aTb MarHUTOONTUYECKME CBOMCTBA NEPCMNEKTUBHBLIX
HaHOMaTepurasnoB, a NoJlydeHHbIE PE3YNbTaTbl ABNSIOTCS BaXKHbIMU NPU CO34aHUN HOBbIX TUMOB YCTPOMCTB, a Takxke
3/1IEMEHTOB 3IEKTPOHUKM N HAHO3NEKTPOHUKMN.

KnioueBble cnoBa: HaHOKOMMO3UTbl, Teopus 3adPEKTUBHON Cpebl, aKkBaTopuasnbHbin addekT Keppa, okcug, Ko-

OanbTa, padMmepHbie 9PPeKThI

* Moctynuna: 26.04.2024 » fopa6oTaHa: 17.05.2024 ¢ MpuHaTa kK ony6nukoeaHuio: 28.11.2024

Ona uutupoBanusa: AwnH M.M., PabyxuH B.E., IOpacos A.H. MarHntoonTtuyeckuin akBatopuasnbHblil apdekT Keppa
B HaHokomnosuTax Co,(Co0),_,. Russian Technological Journal. 2025;13(1):115-121. https://doi.org/10.32362/2500-
316X-2025-13-1-115-121, https://elibrary.ru/OABAYG

Mpo3payHoCcTb GMHAHCOBOW AEATENIbHOCTU: ABTOPbLI HE MMEIOT PUHAHCOBOW 3aMHTEPECOBAHHOCTN B NPeACTaBNEH-
HbIX MaTepuanax uam meTogax.

ABTOPbI 3a9BNSIOT 06 OTCYTCTBUM KOHMMKTA MHTEPECOB.
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INTRODUCTION

Achievements in magneto-optics are being actively
applied today in the modern electronic industry.
Magneto-optics is a branch of physics which studies the
phenomena resulting from interactions of electromagnetic
radiation (of the optical range in the infrared (IR), visible,
and near-ultraviolet regions of the spectrum) with
magnetized matter. The transverse Kerr effect (TKE)
described in Fig. 1 is one of the magneto-optical effects.

TKE is actively used in studying nanostructures,
magnetic reading, and recording data from magnetic
disks. Current trends in the development of information
storage devices are driving the search for new
materials in the field of magnetic granular alloys and

nanocomposites.
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Fig. 1. Kerr effect in polar (a), meridional (b),
and equatorial (c) geometries.

k is wave vector; j is magnetization

Thus research into the properties of promising
nanostructures represent an important research task.
This is particularly relevant to the possibility of
significantly enhancing important practical effects such as
magnetoresistance, quantum Hall effects, magnetorefractive
effect,and many others [ 1-3]. Co—CoO-based nanocomposite
is an interesting example of a nanostructure, while modeling
the observed optical and magneto-optical effects enables
various characteristic parameters of the investigated samples
to be assessed in a non-contact manner [4—7].

The experiment described in [8, 9] established the
spectral dependencies of the TKE parameter (d) in the
equatorial geometry of Co,(CoO),_. nanocomposite at
different values of the cobalt volume fraction X (Fig. 2).

MATHEMATICAL MODEL
AND CALCULATION METHODOLOGY

The phenomenological theory of magneto-optical
effects requires Maxwell’s equations to be resolved with
allowance for the dielectric permittivity in matrix (tensor)
form; € is the dielectric permittivity tensor (DPT):

e iy O
g=|—-iy & 0] (1)
0 0 ¢

15 2.0 25 3.0
E, eV

Fig. 2. Experimental TKE spectra of Co,(Co0),_,
nanocomposite. Eis the electromagnetic wave energy [8, 9]

The magnetic induction vector is directed along the
z-axis while the € and y components of DPT have the
following form:

= —1 5
rTh @
€ =g —ig,,
wherein € and y are complex quantities. In this case,
g, and vy, are the real part of diagonal and nondiagonal
DTP components, while ¢, and y, are the imaginary part
of DTP components, respectively.

Any magneto-optical effect can be unambiguously
expressed through DTP components. Magneto-optical
effects enable the contribution of left and right spin subzones
to be separated, whereas studying frequency dependencies
of imaginary parts of diagonal and nondiagonal DTP
components provides comprehensive information on the
zone structure of the investigated medium.

Furthermore, magneto-optical effects allow the
domain structure to be visualized. It is thus one of the
most important tools in studying magnetic nano- and
micro-objects, including the working zone of magnetic
heads and domain boundaries [1-6].

The global advantage of magneto-optical Kerr
spectroscopy is the ability to determine non-diagonal
components of tensors using TKE, and, in practical terms,
to “screen out” noise and interference in the experimental
setup. At the same time, the Kerr effect parameter 6 can be
measured experimentally on the p-component only. This
is due to the fact that the 3 -effect on the s-component in
metallic ferromagnets is 2—3 times smaller than 6 [9]:

2sin2¢

d=(Ay, +By,)) +——,

€)

wherein 4 =¢,(2¢, cos? ¢—1), B=cos? ¢(e3 —&7 +1) +
+¢; —1, ¢ is the light incidence angle.
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The effective medium theory is optimal in
describing spectral dependencies of nanostructures and
nanocomposites in particular [10]. In the IR spectral
region, the significant influence of the quasi-classical size
effect due to intraband transitions should be taken into
account when using this theory [11]. The size effects are
accounted for by varying the form factors of particles L
and by adding the ferromagnetic component of the
nanocomposite to the diagonal and nondiagonal DTP
components, due to the electron scattering on granule
surfaces. Finally, when allowing for the contribution of
dimensional effects to the permittivity tensor, according
to the Drude-Lorentz model, DTP components are
represented in the following form [11]:

) p
€mod =€co T y - y >
o(o+i/1y,) o@+i rpart) @
bulk 2 T 2
4ncxy / Thulk 4nc§y / Toart

Ymod =¥Co = :
mod 0 @+ / Ty )

OO+ /T
wherein €, and v, are the diagonal and non-diagonal DTP
components of the ferromagnet (cobalt in this case); o is the
frequency of the incident electromagnetic wave; o, is the
plasma frequency; 7, and Toart ATC the average electron
path times in bulk samples and granules, respectively;
Gg;ﬂk = 4TcMstulk /p%ulk; G)ggr/ = 4TdMngr /pér; Ms is
the saturation magnetization of the ferromagnet; R_. and
Ry, are coeflicients of the anomalous Hall effect (AHE) for
granules and bulk sample, respectively; py . is the bulk
sample resistivity; and p or is the granule resistivity. The size
effect is evident both in the AHE parameter and in the
resistivity, as follows:

[ /
Rgr =Ry + O.2R—[l + —], ®)
o "o
/
pgr = Pbulk I+—1, (6)
o

wherein R is the AHE parameter value of the granule
surface material, 7, is the nanocomposite particle size,
and / is the free path length.

Further expressions (4), (5) are substituted into effective
medium formulas (e.g., see [6]) and finally into (3).

MODELING RESULTS

The values of the TKE parameter are obtained
using formulas (1)+3) within the framework of the
Bruggeman approximation [12] as a promising effective
medium method. Differences in the form of particles L
(form factor) are allowed for while ignoring the size

effect. They are compared with the experimental data
obtained by the research laboratory at the Department of
Magnetism, Faculty of Physics, Lomonosov Moscow
State University [12] (Fig. 3). The nanocomposite with the
cobalt volume fraction X'=0.66 is chosen as a comparative
sample.

It can be seen in Fig. 3 that the best agreement is
observed at L = 0.3. For more precise TKE description,
we consider the influence of the quasiclassical size
effect (formulas (4) and (5)) (Fig. 4).

10
—m— [ =0.28
84 |—e—L=0.29
— [ =0.30
64 —w—L=0.33
------- Experiment

8,103

15 2.0 2.5 3.0
E, eV
Fig. 3. Model TKE spectra of the Co,(Co0),_,
nanocomposite ignoring the size effect at different values
of the particle form factor

6
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Fig. 4. Model TKE spectra of the Co,(Co0),_,
nanocomposite ignoring and considering the size effect
at different values of AHE parameter R

Figure 4 shows that considering the quasiclassical
size effect allows the TKE change in the near-IR region
of the spectrum to be described in a better way. The best
coincidence of the model and experimental curves is
observed at R = 1. The average size of the Co CoO,_,
nanocomposite granules is found to be 7, = 2.5 nm. These
results are useful in creating new types of devices, as well
as elements of electronics and nanoelectronics [13—15].
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CONCLUSIONS

As a result of the study, TKE model spectra in
the Co (CoO),_, nanocomposite were obtained and
compared with experimental data.

The study also showed the significance of
considering the contribution of the particle form factor,
as well as the quasi-classical size effect on the TKE
spectral dependencies. By means of computer modeling,
the optimal parameters of the sample investigated, such
as form-factor, average granule size, and AEC coefficient
were established.

Thus, the above approach enables the magneto-
optical properties of promising nanomaterials to be
studied in a noncontact and nondestructive manner.
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