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Basic area of interest:

* Depth-selective conversion electrons mossbauer
spectroscopy (DCEMS) for surface investigations

« Thin films obtained by ion implantation

Other interests:
» Experimental technique and methodology

» Magnetometry of thin magnetic films, surface
magneto-optic Kerr effect (SMOKE), alternative
current magnetic susceptibility (ACMS)

 X-ray fluorescence spectroscopy (XFS)
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Educational work
<€
In this laboratory implemented:

* special workshop on physics
for first year postgraduate
students

« summer practical lessons for
3-4 years students

* research works of graduate
and postgraduate students
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Laboratory-based work 1: Q
Introduction to DCEMS l

 Registration of integral by depth CEMS-spectrum

from iron foil. Gas-flow proportional detector as a
detector of conversion electrons

v, 14.4 k3B, 10%

« Determination of hyperfine interaction parameters
S from the spectrum. Determination of magnetic texture
of the sample

exu, 5,4 kaB, 53%
ewwm, 0.5 kaB, 60%
e, 13.6 kaB, 8%

- Estimation of energy resolution of the proportional
detector on L-edge of conversion electrons
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the setup was developed and created in our laboratory
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Laboratory-based work 2: Q
Study of corrosion processes in dry air

» Phase composition analysis from integral by depth CEMS-

spectrum

* Selective by depth analysis in graphical form. Drawing of
. the graph which represents dependence of each phase
K relative part as a function of registered electrons energy

~°"’-"»,®Z -
i e » The model of the oxidation process offered by students (it

E may be collective work, based on papers analysis)
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Laboratory-based work 3: Q

Study of corrosion processes in wet
environment

» Phase composition analysis from integral by depth CEMS-

spectrum
% * Selective by depth analysis in graphical form. Drawing of
the graph which represents dependence of each phase
Al,lseé ' ‘ relative part as a function of registered electrons energy

« Comparative analysis of the corrosion results in dry air and
in wet environment

O



KAZAN (VOLGA REGION) FEDERAL UNIVERSITY
INSTITUTE OF PHYSICS
DEPARTMENT OF SOLID STATE PHYSICS
EDUCATIONAL AND SCIENTIFIC LABORATORY

«THE GAMMA-RESONANCE STUDY OF MATERIALS OF THE ELECTRONIC TECHNIQUES»

Laboratory-based work 4. Q
Study of superparamagnetic layer ‘
SiO,«Fe*

» Mossbauer spectrum of superparamagnetic sample

measurements with (1 kOe) and without external magnetic
field. The sample is an ion implanted layer

5] L% . - » |dentification of phase composition from spectra
with/without magnetic field

» Estimation of minimal size of superparamagnetic particles
supposing the Lande g-factor equal two

» Estimation of average distance between particles with
known implantation fluence of ions and their energy.

Estimation of blocking T of superparamagnetic
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Laboratory-based work 5: Q
Introduction to XFS '

» XFS spectrum of reference sample with known
composition (pure Ni or Fe metal plates) is measured.
Calibration of wavelength goniometric scale

» Measurement of any solid sample selected by
student

» Analysis of XFS spectrum obtained with 1-st and 2-
nd order of diffraction. After determination of
elemental composition of the sample a rough
quantitative calculation of element parts performs.
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Scientific work

Technique of Mossbauer experiment:

» Multilevel Mossbauer spectroscopy, 128 spectra corresponding to

128 discrete amplitude of pulses from detectors, 2001
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» Parametric Mossbauer spectroscopy, set of spectra for any
discretized external physical value, 2009, patent of Russian
Federation from 2010

* Digital pulses processing, demonstration of a simple algorithm which
suitable for realization with modern microcontrollers, 2014

* Designing and producing universal parametric gamma spectrometer
— present time
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Scientific work
DCEMS study with developed in our laboratory technique.

This technique allows to record simultaneously a huge amount of
Mossbauer spectra for many discrete values of pulse amplitudes from
detector. Set of amplitudes corresponds to set of different depth 0..200nm
from surface of sample.

This technique has been used to investigate promising materials of
microelectronics and spintronics. Usually these materials have form of thin

films obtained by ion implantation or by ion beam sputtering deposition
methods:

- SiFe*, SrTiO;«Fe*, BaTiO;«Fe*, ZnO«Fe",

SiO,«Fe*, TiO,«Fe*, TiO,-Fe-Si, Fe-SS (stainless steel),
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Scientific work

Surface magneto-optic Kerr effect (SMOKE) with registration of
intensity of reflected light for ion implanted thin magnetic films
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the setup was developed and created in our laboratory
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Scientific work

Alternative current magnetic susceptibility (ACMS)
technique applied to thin magnetic films. This technique
exists in our laboratory since 1999.

In 2013 an integrated solution from Texas Instruments
appears. It is chips of LDC10xx series which allows to
obtain conductivity response from samples behind
differential magnetic susceptibility.

First setup for low-field measurements (-35..+350e) was
based on evaluation module LDC1000EVM

. : =
1] AR N Ml
[ pEMITERC

1R AT T

the setup has been developed and created in our laboratory
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