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Summary of Research Work

Brief Description of Work Done During Ph.D. Thesis

Thesis Title: Preparation and Characterization of Multilayers with *Fe/%"Fe Superstructure for Application as Nuclear
Bragg Monochromator

Summary

The aim of my thesis was to prepare a chemically homogenous multilayer of type °°Fe/5"Fe and to explore its
feasibility as a Nuclear Bragg Monochromator (NBM) for Synchrotron Radiation (SR). Monochromators based on
scattering from electrons (e.g. single crystals) have energy resolution at the best in sub meV range. In order to
perform experiments related with Mdssbauer spectroscopy at SR sources, an energy resolution in the range of peV-
neV is required. Isotopic labelling using Mossbauer active nuclei allows nuclear resonant reflectivity (NRR) from
57Fe, while off-resonance entire media works like a homogeneous media. A Bragg peak reflected due to periodicity of
5TFe has purely nuclear origin and the energy resolution is defined by the hyperfine splitting of the resonating nuclei
which is in the range of peV-neV. Problems arising in achieving a good peak reflectivity were dealt in the thesis
and it was shown that an amorphous and nonmagnetic Fe alloy yields smoother and sharper interfaces [1, 2]. An
amorphous NBM of "@uralFeN /57FeN was successfully prepared and tested at SPring-8 SR source (Japan) [3].

In order to prepare an NBM structure a proper deposition system was required. After trying various possibilities [4],
low energy ion beam sputtering (IBS) was chosen as the method for deposition for preparing an NBM superstruc-
ture. Therefore, I was involved in designed and developement of an ion beam sputtering system at IUC-DAEF,
Indore [5]. The system was optimized for depositing thin films and multilayers of alloys and compounds.

Brief Description of Work Done During Post Doc

Since May 2002, I am working as Post Doctoral Fellow at Paul Scherrer Institut (PSI), Villigen, Switzerland. Officially, the
responsibility is divided into 3 parts:

e 50% of the time is devoted to provide local support in the experiments for guest scientists coming from all over the
world. The experiments are mainly related to probe structural and magnetic properties of hard and soft-condensed
matter thin films and multilayers using Neutron Reflectometry (NR) at AMOR instrument at PSI/SINQ, Switzerland.

e 20% of the time is devoted for the development of instrument
e 30% for own research.

A brief description of research work carried during post doc is given below.



Instrument Development

I was involved in instrument development at AMOR neutron reflectometer along with a team consisting of people
from various discipline. The time-of-flight (TOF) and polarization-analysis options at AMOR were successfully
realized during the initial period of my post doc [6, 7]. The set-up of TOF option required definition of incoming
neutron beam by suitably selecting the chopper speed, phasing and distance between the choppers and the distance
between chopper and detector. Polarization option required a proper selection of wavelengths reflected from the
Supermirror and optimization of magnetic fields and guide field through out the line of neutron beam at AMOR.
In order to probe self-diffusion in chemically homogeneous multilayers, using neutron reflectometry, I was involved
in design and development of a dual-zone heating vacuum furnace at PSI [8]. Such a furnace provides options to
measure neutron reflectometry with in — situ heating up to 1000 K with a pressure in the range of 1x10~6 mbar.

Research Work

Along with doing instrument development and user operation, I continued my research work concerning struc-
tural and magnetic properties of amorphous and nanocrystalline thin films and atomic self-diffusion in chemically
homogeneous multilayers (CHM). Self-diffusion measurements were carried out in CHM of ["@turelFeZr /5" FeZr],
[naturalFeN /5TFeN], and [FeN/Fe!®N]. It was found that the self-diffusion mechanism is not highly collective but
involves a rather small group of atoms [9]. In order to further confirm the self-diffusion mechanism a compres-
sive stress was applied to the samples during deposition. For this purpose, I designed and developed a 3-point Si
wafer bending device with help of mechanics group at PSI. Application of applied compressive stress essentially
resulted in an increased value of activation energy, due to partial annihilation of defects formed during thin film
deposition [10, 11]. Self-diffusion of Fe in FegsZr;5 alloy was also studied in the amorphous state (using neutron re-
flectivity) and nanocomposite state (using SIMS) [12]. Fe self-diffusion in nanocrystalline FeN prepared using pulsed
laser deposition technique was also studied [13].

Nuclear resonant reflectivity of synchrotron radiation (NRR of SR) is a complementary technique to neutron
reflectivity for probing self-diffusion mechanism. NRR of SR was proposed [3] and applied successfully for the first
time to probe Fe self-diffusion in nanocrystalline FeN(Zr) [14]. Very recently, I used neutron reflectivity technique
for probing Fe and N self-diffusion in amorphous FeN [15]. In this work multilayers with structures [FeN/5"FeN]
and [FeN/Fe!5N] were prepared and studied.

Along with probing self-diffusion, thin films of amorphous and nanocrystalline alloys were studied from the point of
view of their structure and magnetism. Crystallization behavior of amorphous FegsZr5 alloy revealed formation of a
nanocomposite state with thermal treatment. Structural and soft-magnetic properties of this alloy were studied [16].

It is known that microstructure of the films can be tailored using reactive nitrogen sputtering. In a recent study
thin films of Fe and permalloy (NiggFeso) were prepared using reactive nitrogen sputtering by varying the nitrogen
partial pressure (Ry,) in the range of 0 < Ry, < 100. It was found that at lower Ry,, reactive nitrogen occupies
interstitial sites in the structures of bec Fe and fce NiFe and a nanocrystalline structure is obtained which gradually
forms an amorphous structure and on further increasing the Ry, energetically favored nitrides of Fe and NiFe were
obtained which again form an amorphous or nanocrystalline structure at still higher Ry, [17].

Along with the above-mentioned properties, growth of an amorphous film is very interesting due to lack of long
range periodicity and spatially isotropic nature of amorphous phase. Dynamical scaling of roughness can be entirely
different as compared with their crystalline counterpart. Growth behavior of amorphous FeZr film was studied and
it was found that on increasing the thickness of the films beyond a critical point a crossover occurs in the growth
exponent which can be described with the changes in the microstructure with the thickness [18].
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