
Journal of Physics: Conference Series

PAPER • OPEN ACCESS

Development of in situ magneto-ellipsometry for
studying correlation between the optical and
magneto-optical properties of ferromagnetic thin
films
To cite this article: O A Maximova et al 2017 J. Phys.: Conf. Ser. 903 012060

 

View the article online for updates and enhancements.

Related content
Measurements of the magneto-optical
properties of PbS-doped silica optical fiber

-

Time Dependent Effect of Magnetic and
Magneto-Optical Properties in Cd1-xMnxTe

-

Magnetic Anisotropy and Magneto-Optical
Properties of Iron Oxide Films

-

This content was downloaded from IP address 84.237.90.20 on 14/09/2020 at 12:18

https://doi.org/10.1088/1742-6596/903/1/012060
/article/10.1088/1742-6596/844/1/012019
/article/10.1088/1742-6596/844/1/012019
/article/10.7567/JJAPS.32S3.414
/article/10.7567/JJAPS.32S3.414
/article/10.7567/JJAPS.32S3.414
/article/10.7567/JJAPS.32S3.414
/article/10.1143/JJAP.25.1134
/article/10.1143/JJAP.25.1134
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsv7w3xoNspwMhhP2--CyJHicHgtblNmIM_Re1No8G1gJVMvSUk7FLTQ2Tj8SjJdHOZsFeYjrHXhv5XFo7IXPgWKyA471Enk3oj1W5lUCz_RZ_BN3je88UEp2Y7AZ-2fcXH5FNM7rAy1HsmF_9romQ6O63bc-J3K7DTHBhwT_3jrCV2uDlqbjCctUL26HelV0alTp0EDe-2WK-2xMP1wkfl4RE5CRvlDWSaK_jKgk1adDkhXq73C&sig=Cg0ArKJSzAx1eXHMn05H&adurl=http://iopscience.org/books


1

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

1234567890

8th Joint European Magnetic Symposia (JEMS2016) IOP Publishing

IOP Conf. Series: Journal of Physics: Conf. Series 903 (2017) 012060  doi :10.1088/1742-6596/903/1/012060

 

 

 

 

 

 

Development of in situ magneto-ellipsometry for studying 

correlation between the optical and magneto-optical 

properties of ferromagnetic thin films 

O A Maximova
1,2,3

, N N Kosyrev
1,4

, S N Varnakov
1,2

, S A Lyashchenko
1,2

, 

I ATarasov
1,2

, I AYakovlev
1,2

, O M Maximova
3
,
 
D V Shevtsov

1,2
 and S G 

Ovchinnikov
1,2,3

 

1
Kirensky Institute of Physics, Krasnoyarsk, 660036, Russia 

2
Reshetnev Siberian State Aerospace University, Krasnoyarsk, 660014, Russia 

3
Siberian Federal University, Krasnoyarsk, 660041, Russia 

4
Achinsk Branch of Krasnoyarsk State Agrarian University, Achinsk, 662150, Russia 

E-mail: maximo.a@mail.ru 

Abstract. In this work we present the way of nanostructured films study by means of magneto-

ellipsometry. The method of interpretation of in situ magneto-optical ellipsometry spectra from 

the in situ molecular beam epitaxy setup with an integrated magneto-ellipsometric real time 

synthesis control is described. The method has been successfully tested on Fe/SiO2/Si 

nanostructures within the model of a homogeneous semi-infinite medium. As a result, the 

dielectric tensor components for Fe layer were calculated using a developed approach.  

1.  Introduction 

In recent years, the magnetic materials for data storage and spintronic devices have deserved 

significant attention. There is a problem of an in situ real time control of nanomaterials synthesis [1] 

and their properties investigation because the in air investigation of these structures is often impossible 

due to the high chemical activity of many materials used in this field. One of the best solutions of this 

problem is to use the optical and magneto-optical techniques. They are powerful, do not influence on 

the sample and have some flexibility when using in situ, directly in ultrahigh vacuum chamber. We 

suggest that magneto-ellipsometry [2] meets all these requirements. This experimental technique 

combines ellipsometry [3] and the magneto-optical Kerr effect measurement within one setup with an 

ultra-high vacuum chamber and the electromagnet for magnetization reversal of the sample [4].  

In this paper, we suggest a new approach of real time control of obtaining material parameters of 

magnetic thin films right in the process of molecular beam epitaxy by means of the in situ magneto-

optical ellipsometry. In the end, we demonstrate how our method works by presenting the results of 

Fe(layer)/SiO2(layer)/Si(substrate) film study. 

2.  Magneto-ellipsometry data analysis 

Here we describe the method of interpretation of the magneto-ellipsometric measurements data. 

We consider the case of electromagnetic wave incidence from non-magnetic dielectric medium 

(characterized by the refraction index N0) onto ferromagnetic metal (the refraction index N) in the 

visible light range. The magnetization vector is z-axis directed. YX is a plane of incidence, YZ is a 

http://creativecommons.org/licenses/by/3.0
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boundary plane The key idea of the proposed approach is reported in [5], where it was applied toward 

the particular case of the use of small parameters. Here we consider a general case of experimental 

data processing for the model of a homogeneous semi-infinite medium without any constraints.  

We suggest that magneto-ellipsometry technique gives an opportunity to determine all elements of 

the dielectric permittivity tensor ε of the magnetized ferromagnetic metal [6]  
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where ε' and ε'' are a real and imaginary parts of medium permittivity respectively, Q=Q1-iQ2 is a 

proportional to magnetization magneto-optical parameter. Diagonal tensor elements are responsible 

for refractive index and extinction coefficient, off-diagonal tensor elements are related to magneto-

optical effects. Let us denote the ellipsometric parameters in the non-magnetic condition as ψ0 and Δ0. 

In the case of magneto-ellipsomertic characterization of the sample the surface transverse magneto-

optical Kerr effect results in the ellipsometric angles corrections δψ and δΔ. Thus, the ellipsometric 

parameters become ψ0+δψ, Δ0+δΔ. It means that we have four measured independent real-valued 

quantities (ψ0, δψ, Δ0, δΔ), as a result, we can derive four real-valued quantities (ε′11, ε″11, ε′12, ε″12). 

Table 1. The notations used in the developed approach. 
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There are four steps of data analysis.  

1 Carrying out spectral ellipsometry (ψ0, Δ0) and magneto-optical Kerr effect measurements 

(ψ0+δψ, Δ0+δΔ). 

2 Calculation of spectral dependences of refractive index (n) and extinction coefficient (k) 
2 2 2 1/2

sin (1 (1 exp
0

( ) ) (1 exp( ) ) )
0 0 0 0 0 0

( ) ( )N n ik N tg tg i tg i   


        (2) 

3 Theoretical calculation of the ellipsometric parameters ψ0, δψ, Δ0, δΔ. 

Here we rewrite the basic equation of ellipsometry in the following way: 
1 1

( exp()
0 0

( )) ( )( )tg i R R R iR R iRp pS S
   

 
        ,   (3) 

where Rp and Rs are complex reflection coefficients corresponding to in-plane p-polarization and out-

of-plane s-polarization respectively, real parts are marked by ', imaginary by ''. According to mode 

conversion from the p to the s polarized channel we can write that 

( );
0 1 0 1 0 0 0

R R R R R i R R R R R R R iRp pp ps spp p p p S SS S S S
                 (4) 
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where we have distinguished the magnetic field contribution and marked it by subscript 1, non-

magnetic summands– by subscript 0. By substituting the determined values of n and k into equations 

(5, 6) and using the notations presented in Table 1, where φ0 and φ1 are the angles of incidence and 

refraction respectively, we obtain all necessary expressions for ellipsometric angles calculation. 

4 Fitting to the experimental ellipsometric angles by the Nelder–Mead method. As a result it yields 

the spectral dependences of real (Q1) and imaginary (Q2) parts of magneto-optical parameter Q. Thus, 

we have information about all elements of the dielectric permittivity tensor. 

3.  Results and discussion 

In order to demonstrate the method of interpretation of in situ magneto-ellipsometry measurements 

data, the sample in the form of polycrystalline Fe layer on the surface of SiO2/Si(100) was studied. Fe 

film was made by ultrahigh vacuum thermal evaporation with deposition on the cool substrate. 

 

 

 

Figure 1. The calculated 

values of real and imaginary 

parts of the Fe diagonal tensor 

element ε11 and off-diagonal 

tensor element ε12 (during 

measurements the angle of 

incidence was fixed at 56º, the 

magnetization reversal of the 

sample in the ± 2 kOe field, the 

thicknesses of SiO2 and Fe 

layers were 3.84 nm and 

160.5 nm, respectively). 

In conclusion, the algorithm for the interpretation of magneto-ellipsometric measurement data has 

been proposed for the model of a homogeneous semi-infinite medium. The values of refractive index, 

extinction coefficient and magneto-optical parameter Q of Fe layer in Fe/SiO2/Si structure were 

obtained using the presented approach. Comparison of the Fe magneto-optical parameter Q with [7] 

shows a good agreement. We have completely determined all elements of the dielectric permittivity 

tensor (Figure 1). Thus, the opportunity of simultaneous characterization of optical and magneto-

optical properties of nanostructures has been demonstrated by means of magneto-ellipsometry. 
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