Thesis Details- (h) Synopsis

Technology helps to improve every aspect of human life and has continued to play an
important role in our day today activities. Developing the understanding of magnetism in various
new materials could open new and interesting technologies that can become a part of everyday
life in the future years to come. Complex magnetic systems like RMnO; Manganites,
Multiferroics and Diluted Magnetic Semiconductors (DMS) etc. are some of the most interesting
materials which have opened up a new era for spintronic device applications [1 - 4]. Studies on
the electronic states and nature of physics underlying these systems have been a subject of
intense research for several decades. The simultaneous presence of ferroelectricity and
magnetism in functional materials and the cross-coupling between them can be useful in
magnetic storage of data, switching applications, spin valves, spin transistors, field effect
devices, etc [5]. RMnOj [R is the rare earth elements] being the parent compound of the colossal
magnetoresistance (CMR) manganite family, shows interesting structural and magnetic
behaviour due to the complicated magnetic / spin structure resulting from the presence of two
magnetic sub lattices which exhibits multiferroicity [6]. The decrease in ionic radius of R jon
tends to increase the cooperative rotation of the MnOg octahedra, resulting in the decrease in Mn
— O — Mn bond angle which causes a profound effect on the orbital ordering temperature (Too)
and also the magnetic ordering temperature (Ty) such that, Tog increases monotonically while
the Ty decreases significantly. Also the A-type antiferromagnetic (AFM) phase becomes E-type
AFM phase through an intermediate incommensurate structure that induces multiferroic
behaviour [6, 7]. Studies on the parent compound of RMnO; family, ie, LaMnOj;, shows clear
evidence of multiferroicity (dielectric anomaly) around magnetic ordering temperature (Ty) due

to spin-orbital coupling [8]. On the other hand, in TbMnO; perovskite, the origin of



multiferroicity is due to the onset of incommensurate (IC) spiral magnetic order at Tic < T,
where it breaks, both, spatial and time inversion symmetries simultaneously and exhibit a strong
coupling between polarization and magnetization [9]. The earlier research on RMnO3 perovskites
has lead to several unanswered questions regarding the origin of magnetism and multiferroic
behaviour in them. The interesting physical mechanisms underlying these materials need to be
further explored. The main objective of the present work is to study structure-property
correlations in mixed valent manganites using Temperature dependent Neutron Diffraction (ND)
study and to study its impact on electronic and magnetic properties. Furthermore, an attempt has
been made to emphasize the importance of structure-property correlations by growing the high

quality thin films and tailoring their properties for various applications.

RMnO; compounds with R = La, Pr and Nd crystallize in orthorhombic structure [6, 10]
with Prnma space group while compounds with R = Tb, Ho and Yb crystallize in hexagonal
structure with space group P6icm [11]. There are several reports available on the factors
affecting the properties of RMnO3, such as doping (A-site), sintering temperature, oxygen
deficiency etc. These factors are also responsible for the creation of Mn** and double exchange
(DE) interaction between Mn?* - O - Mn*" which results in the antiferromagnetic (AFM) to
ferromagnetic (FM) and insulator to metal (I — M) transitions in manganites [12 - 15]. In RMnO;,
studies also exist on the Mn site (B-site) doping with transition metal ions resulting in the
modifications in their properties possibly due to the weakening of DE interactions. Amongst
RMnO; perovskites, NdMnO; is an interesting candidate because of competing ferro-
antiferromagnetic exchange interactions, the long range AFM ordering and magnetoelastic effect
associated with AFM transition temperature Ty (~ 80 K). NdMnOs3, as a parent compound for

both manganite and multiferroic materials, needs more experimental and theoretical



investigations. During the course of this work, the fascinating properties of NdMnOs compounds
have been understood under the light of magnetic exchange interactions between Nd and Mn
ions, octahedral and Jahn Teller (JT) distortion etc.

Swift heavy ion (SHI) irradiation is one of the promising tools to engincer the properties
of materials in a controlled manner and make them functional for desired applications. Energetic
ions, inside a solid, lose their energy due to elastic (S.) and inelastic (S,) scattering with the
target material. This interaction of highly energetic ions results in the structural transformations
and formation of defects in the films, which leads to the modifications in the electronic and
magnetic properties of oxide thin films. The ion species, their energy and ion fluence are some of
the important parameters required to create defects in the material. Several studies on SHI-
irradiation-induced modifications in the properties of functional oxide thin film devices,
characterized using X-ray Diffraction (XRD), Rutherford Back Scattering (RBS), Atomic Force
Microscopy (AFM), I-V and Raman spectroscopy, SQUID etc. techniques have shown that,
deposition of 200 MeV Ag*'> ions with higher ion fluence ( > 5 x 10" jons/cm?) leads to
complete amorphization because electric energy (S.) deposited into the film is larger than the
threshold energy (Sy) necessary for the creation of ion tracks [16]. In the present work, the
results of systematic study on the effect of 200 MeV Ag'" SHI irradiation, with ion fluences ~ 5
x 10" 5x 10", 1 x 10", 5 x 10'? jons/cm? and its effect on structure and transport properties of
NdMn,.xZn,Os films have been presented.

Motivation for the work

Main idea behind undertaking this work is to improve the overall structure and magnetic
properties of mixed valent doped manganites and to study the magnetic phase segregation, tuned

by the substitution of Cu and Zn at Mn — site.



During the course of present work, structure and physical properties of NdMnO; as a
function of -
(A) mangnetic (Cu) and non-magnetic (Zn) doping at Mn-site
(B) different sintering temperatures during synthesis
(C) strain induced due to lattice mismatch in thin films &
(D) ion fluence during SHI irradiation
have been investigated in detail.
The magnetic phase evolution in both the Cu & Zn systems have been investigated using
temperature dependent Neutron Diffraction measurements. NdMnOs perovskites sintered at
different temperatures having similar orthorhombic unit cell geometry differ in magnetic,
dielectric and transport properties. This sensitivity leads to some important questions which
require in-depth understanding. In the form of thin films, it is interesting to study how strain due
to doping and irradiation affects the AFM structure of the orthorhombic NdMnOj; which is
supposed to modify the magnetic interactions and the transport properties of manganite thin

films.

A brief description of the chapters and their contents in this thesis are as

below —

Chapter 1:  This chapter describes in brief, about the Functional Oxide systems and various
factors affecting their properties. Particularly, in manganites, the effect of transition metal doping
at B-site and sintering temperature during synthesis, on magnetism and the evolution of magnetic
phase has been discussed in detail using Neutron Diffraction technique. This chapter also
highlights the effect of strain on the properties of doped manganite thin films. It also includes

introduction to SHI irradiation and defects created in the material due to ion beam irradiation. An



overview of the research that has been carried out in the past, present scenario and applicability
of these materials in various technological aspects is mentioned. The motivation for the present
work has been given at the end of chapter.

Chapter 2:  The brief idea about various experimental methods used for the synthesis of bulk
and thin films of NdMnO; and doped NdMnOj; manganites has been given in this chapter.
Details about various experimental techniques used for characterization of materials under
investigation have been explained. The main experimental techniques used in the work viz,
magnetization and Neutron Diffraction (ND) have been discussed in detail in this chapter. The
chapter also covers the detailed description of the software used to analyze the structure and
magnetic structure obtained from XRD and temperature dependent ND. The description of
experimental set up of SHI irradiation used is included in this chapter.

Chapter 3: In this chapter, results of the studies on structural, transport and magnetic
properties of polycrystalline NdMn,.,Cu,0; (x = 0.00, 0.05, 0.10, 0.20) system have been
discussed. The effect of magnetic dopant and Mn-site size disorder on the structure,
microstructure, dielectric and magnetic properties have been studied. Electronic structure has
been investigated using XAS technique. Magnetic phase evolution in Cu-doped NdMnO; system
has been investigated using temperature dependent ND measurements.

Chapter4: This chapter explains the effect of non-magnetic (Zn) doping on the structural,
transport and magnetic properties of polycrystalline NdMn, .,Zn,O; (x = 0.00, 0.05, 0.10, 0.20)
samples. The effect of sintering temperature on microstructure, dielectric and magnetic
properties has been studied. Electronic structure has been investigated using XAS technique.
Magnetic spin structure of Zn-doped NdMnOj3 system has been investigated using temperature

dependent ND measurements.



Chapter 5:  This Chapter is devoted to the studies on modifications in magnetism and
transport behavior of NdMn;xZn,O3/SNTO thin films. This chapter elucidates the effect of B-
site size disorder on the lattice strain, which results in the modifications in microstrostructure,
electrical transport and magnetic properties of Zn-doped NdMnOj films.

Chapter 6:  This Chapter presents the results of the studies on the effect of Swift Heavy Ion
(SHI) irradiation on the modifications in the properties of Zn-doped NMO thin films. The effect
of ion irradiation as a tool to induce defects, by varying ion fluences, results into the
modifications in the structural, microstructural and transport properties of thin films under study.

At the end, the possible scope for future studies in this field of research has been discussed.
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