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Abstract

Bulk layered perovskite samples Lag nCayaMn, ,Cr,Osn4y (x = 0.3; y =0.075, 0.15, 0.3;
n =2, 3) were prepared by the conventional solid-stale reaction technique. The structure
and phase purity of the samples were checked by powder X-ray diffraction (XRD} using
Cu K, radiation (A = 1.541 A) and Phillips (PW3040} X* Pert PRQ X-ray diffractometer.
The electncal resistivity was measured from room temperature down to liquid nitrogen
tempemature both in zero field and in an applied magnetic feld of 0.7 T.
Magnetoresislance (MR) measurements were carried out and the MR behaviour was
discussed as a function of magnetic field both af room temperature and at liquid nitrogen
temperature.  The  electrical  properies  including  magnetoresistance  of
LanmCamdMnn,Cr0ane polycrystals were compared in terms of the number of MnO;
layers and partial substitution of Mn by Cr. In the present investigation it is observed that
all the samples showed metal insulator transition with a peak in the elecirical resistivity
arourd M-I transition temperature T, With the increase of Cr doping the resistivity
increases but M-I transition temperature 7, decreases. The transport and magnetic
properties are sensitively dependent on the number of MnOy layers, n. As the i valus
decrease from 3 to 2 the transition temperature decreases and the resistivily increases. In
Lthe present investigation, it is also observed Lhat the value of resistivity in presence of
magnetic field decreases but M-I transition tempcrﬂrture Ty shifis towards the higher
temperature region. The transpert properties above the transition temperature suggest that

conduction mechanism in these manganites is a thermally activated process.
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Chapter 1

Introduction

This thesis deals with the study of the magnetoresistive properties of layered perovskite
manganites Lay nCa) Mg Crylsnn (x = 0.3; ¥y = 0,075, 0.15, 0.3; n =2, 3). Rare-earth
manganiie perovskites of Lhe type RE; AE;Mn0;, where RE is a trivalent rare-earth ion
and AF is a divalent alkaline-earth ion, have recently been given focus t¢ a Jarge number
of experimenlal and iheorelical studies. This is becanse they exhibit a range of magnetic,
electronic, and structural properties including colossal magneloresistance, charpe
ordering, magnetic field induced changes in siructure, transport properties and also

because of potential technological applications.

Although it was observed uearly half a century ago [1-3], there has been keen interest in
Lhe past few years when colossal magnetoresistance (CMR) were reporied in manganite
perovskites RE.,AEMnQ; [4]. Colossal Magnetoresistance is the phenomena of huge
changes in electrical resistance upon the application of magnelic field. For manganites
the magnetoresistance is very high [5-8] and it is about 99% in Lhe ptesence of 10T
applied magnetic field [9]. The CMR effect is achieved only in presence of strong
magnetic field (in the tesla range) and iu a small temperature window. These classes D:f
materials exhibit different characteristic behaviour depending on the composition,
doping agent and oxygen content [10-13]. A small change in the chemical composition
like the ratio between trivalent and divalent ions at Lhe A site ¢can induce large change in
the physical propertics such as structural, inagnetic, optical and clecironic behaviour. A
similar change can occur due to external elfect such as magnetic ficld, a hydrostatic

pressure or Lhe temperature.

The La) AExMnQ; perovskites, where 0.2<x<(.5 and AE=Ca, Sr and Ba elc exhibit a
metal-insulator (M-I} Lransition and ferromagnetic-paramagnetic transilion at a certain
temperailure (100-400 K}, depending cn Lhe composition, the dopant used and oxygen
conteni. The temperature where the paramagnetic to ferromagnetic transition occurs is
known as Curic-Weiss temperature (7). Several different studies have shown (hat 7, and
magnetoresistance (MR} near T, are optimized when x=1/3, i.e. when 33% of the Mn’" is
converied to Mn™ (by substituting divalent A*" ions for La®"), It was observed that
polycrystalline Lagg;A::Mn0; bulk samples [14,13], thick film [16], thin film [17],



artificial grain boundaries [18-20} and mechanically induced gmin boundaries {21}
exhibit a low-temperature (7<<7T.) low-field MR, in addition to CMR observed around
T.. This low-temperature MR is very small in a single crystal or an epitaxial thin fiim,
and is highly sensilive to low -field compared to MR near .. The coexistence of metallic
conductivity and ferromagnetic coupling has been explained in terms of a double
exchange (DE) mechanism {22-24]. This mechanism requires a mixed valance state of
Mn”* and Mr*" cations in which the ¢, electrons from the Mn ions due to a strong Hund’s
coupling, Though the double exchange (DE) mechanism seems to be a good model, it is
not encugh w explain all the experimental results. Detailed studies have shown that
electron-phonon coupling due to Jahn-Teller effect is also responsible for the observed
properties in manganites and a more coherent picture has emerzed for the lattice polaron
formation associated with Lhe metal-insulator (M-I} transition in these materials {25,26).
There 15 also a proposition [27] that M-I transilion is a consequence of the large (o small
polaron transition induced by the reduction of effective hopping integrals at ternperature
near 7.. So, w understand the elecironic structure of the manganites, one must consider
the strong interaction between electrons ihat form quasi-localized moments,
ferromagnetism and antiferromagnetism, canted antiferromagnetism, magnelic ordering,
metal-insulalor transitions, spin-degrees of freedom, charge andfor orbital ordering
effects, polaronic effects, strong electron-phonon congling and spatial separation of these

phases.

Recently, the Ruddiesden-Popper (RP) type layered manganites, (La-Mp MnaOheir have
attracted considerable research interest since CMR. was observed in Lhe n=2 compounds
(M=Ca, 8r)[28]. The RP phases Aq B O3y, consist of n layers of BOg comer-sharing
¢ctahedra blocks separated by rocksalt A( layers. Apart from he n=! member, which is
an antiferromagnet at any doping concentration, the laycred manganites with n=2 and 3
and x = 0.3~ 0.4 are found 1o be ferromagnetic exhibiling CMR, effects. Studies of the
n=2 compound [29-31] bhave shown Lhat they have remarksble feanres including MR
ratio enhancement, magnetization, existence of two-dimensional ferromagnetic ordering
al a cerain {emperature range, and the characteristic low-temperanure intrinsic MR
eftect. Recently, it has been reported that the n=3 compound [32-36] exhibils some
features that are similar to those observed for the n=2 compound, To date, much of the
exploraton of the CMR matenals has beer done Lhrough doping of the La sites, which
brings about latlice eflects, and ulimaiely influence the double exchange.



Brisi et al. [32] reported a tetragonal CayMnaOyg phase from x-ray. powder dilfraction
analysis, which is considered to have lower symmetry in fact. Henry er of [33] studied
CasMn30yp and SyMnsOp and reported that CaMnzO; has a space group Cee2. Battle
et al. [34] dcten:ﬁined the structure of CayMn;Oig and reporied a space group Pbea
according to x-ray and neutron diffraction. A dc magnetization study of CasMny(hyg was
reported by Lago ef al.[35], and attempts have been mede 1o dope the n=3 member with
La in order 1o induce mixed valence, though only small doping levels have been reported
to date in bulk samples. Asanc er gl [36] reported that the triple layered compound
¢xhibit features that are similar to those observed for the double layered compound.

Asano ef al. [37)] reported that in (he perovskite series Lag ,CajspxMngQse: (7=2, 3, and
®) thin-film samples wilh a fixed carrier concentration (x=0.3) have indicated (hat a
reduction in the number of layers results in systematic changes in the various features.
These include an increase in resistivity, a decrease in Lhe resislivity peak temperature 7,
correspanding to Lthe melal-insulator transitton, an enhancement of the maximum MR

near T, and an increase in the low-temperature intrinsic MR.

However, far fewer studies have been condncted in doping the Mn sites. In the [ast few
years, lhere have been considerable reporis on the effecis of Mn-site substitution by
forcign elements such as Fe, Co, Ni, Al, Ga, Cr etc. Among these doping elements. Cr
has a spectacular effect and attracts more attention [38-41].

Barmabe et af. [38] showed lhat among various doping elements, Cr was the mosl
efficient one to induce inetlal-insulator (M) transilion in Lag sCay sMny_A05. For the Cr
doped system, the average 4 site cationic radius is smaller (~1.14 A) than that of the
corresponding undoped system (~1.19 A). It is well established (hat antiferromagnetic
ordering becomes suonger as cationic radius decreases, so that doping level at the B site
(here Mn), depending on x, must be increased to counter balance the effect. Moreover as
cationic radius decrcases, one can see that the range of x velues corresponding Lo

ferromagmetic metal (FTMM) to paramagnetic insulator (PM1) transition shrinks.

Cabeza and co-researchers [39] studied a Cr doped system, Lag 7Cag sMu, Cr05. These
aulhors, however, reported no metal-insulator transition for x >0.3 and they also reported

very small effect of Cr on the iransport property.



Kellel ef al. [40] studied the magnetoresistive properties of La 1St Mny ., Ti, 0 with x= 0,
0.1, 0.2 & 0.3. They reported that the MI transition temperature decreased when the

titanium contents increased.

Maignan ef al. [41] reporied that the doping on Mn site with 5% of Cr in the charge
ordered (CQO) insulator PrpsCagsMnOa can destroy the charpe ordering (CO)

antilerromagnetic state and induces an insulator-metal transition.

In ihis paper the effect of the panial substitution of Mn by Cr on the magnetoresistive
properties of the LapoCapsmMngCryOapg {x = 0.3; ¥y =0.075, 0.15, 03; n =2, 3) is
studied Like manganese, chromium alse exists in two valence siates like Cr** and Cr™.
Since ihe electronic configurations of Cr''and Mn"* are identical, there is a possibility of
subsiitution of Mn by Cr. In contrast to pseudocubic perovskites Lthe layered versions of
(LaD)p M O3y consisting of perovskile blocks 8 MnQ; octahedra with an
intervening layer of (Lal?)O ions might possess various features with different numbers
of MnO: layers, where D stands for divalent ion. Hence the aim of the present
investigation is to study the effect of pariial substitution of Mn by Cr end variation of the

number of layer, n on the 1nagnetoresisilive properties of this manganite system.

In this dissertation Lhe preparation, cheracterization and magnetoresistive properties of
the polycrystalline sample LagnCayendMn, Cr,Os0 for x = 0.3; y =0.075, 0.15, 03;
n =2, 3 are deseribed. The thesis is stuctured as follows:

Chapter 2 gives a brief description of the basic issues of CMR in manganiles, overview
of the properties of CMR materials, inirinsic, extrinsic magneteresistance, the phase
diagrams of various divalent doped manganites, differcnt theoretical model snch as

double exchanpe model, Jahn-Teller distortion, etc.

Chapter 3 describes Lhe details of the sample preparation and experimental techniques

used in the present investigation.

Chapter 4 presents results on magnetoresistive properties of the polyerysialline samples
LanmCaiuMng  CryOs,4q with the variation of doping and number of layer.

Chapter § summarizes the findings of this dissertation.
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Chapter 2

Literature Review

2.1, Infroduction
Materials science and engineering have been at (he frootier of technological

advencement since Lhe bronze and iron ages. The present information age relies on the
development of smart and smaller magnetic materials for memories, dala storage,
processing and prebing. These magnetic materials can be divided into numerous
categories, depending on their origin and applicalions. One prime example are the
transition melal oxides (I'MO) having perovskite (ABO; type) structure which have been
attracting intense attention because of Lheir exotic properties such as ferroelectricity, high

temperature superconductivity and colossal magnetoresistance {1,2].

Recently, an approach to electronics is emerging that is based on the up or down spin of
the charge carriers rather than on electrons or holes as in (raditional semiconductor
electronics. Devices that tely on electron’s spin to perform their functions form the
foundation of spintronics or magneloelectronics [3-5]. The mixed valence manganiles
have been studied for more than five decades but are still considered modem materials
because of their wide potential for iechnological application. One of Lhe inost interesting
properties of the manganites is the influence of a magnetic transition on the electronic
conduction. In 1950, Jonker and van Santeen [6-8] discovered that the resislance below
the magnetic ordering, the Cune temperature ¥, exhibits a positive thermal coeffictent.
indicating metallic-like behaviour and a negative gradient above 7. based oo
measurements of polycrystalline cerantics. In 1970, Searle and Wang [9,10] also reported
the same behaviuu: based on singie crystals. Despite of much progress, the implications
of this behaviour were only explored in 1993, when Chahara er af [11] and von
Helmoliz et af. [12] reperted a reduction of the resistance observed in thin films under
the application of an external magnetic fieid. Herein comes Lhe next generation devices
based on Giant Ma@etomsiélive {GMR) materials. More recently, interest has grown in
some materials, specifically 3¢ tansition-metal oxides, possess large room-temperature
magneto- resistance associated with a paramagnetic-ferromagnetic phase transition

whose perfonnance exceeds GMR devices.



In 1994, Jin et a/. [13] reported that it is possible to reduce the resistivity by several
orders of magnitude under the application of very large magnetic field in hole doped
mangenese oxide perovskites near Lhe Corie temperature T, which is known as colossal
magnetoresistance {CMR). Other compounds such as double perovskites, manganese
oxide pyrochlores and europium hexaborides, among others, have presented the same
striking property. Thus, research on magpetic malerials and imderstanding its magnetic
properties has the potential w make of significant contribution to information
technology.

In this review, brief deseription of the basic issues of CMR in manganites, overview of
the properties of CMR malerials, intrinsic, extrinsic megnetoresistance, the phase
diagrams of various divalent doped manganites, different theoretical mode! such as

double exchange model, Jahn-Teller distortion elc. are presented.

2.2, The Phenomenon of Magnetoresistance

Magnetoreststance (MR) refers 10 the relative change in the electnical resistivity of a
material on the application of an external magnetie [ield. The resistivity of some material
is {reatiy affected when the material is subjected 10 a magnetic ficld. This phenomenon
is the influence of magnetic trapsition on the eleciric conduction. The effect was first
discovered by William Thomson in 1857, but he was unable to get lower electrical
resistance of anything by more than 5%. But now maledals show larpe
magnetoresistance like glant magnetoresistance {GMR), colossal magnetoresistance

{CMRE) etc.

MR 15 generally defined by the eguation,
M= LEIPC o )

A0}
. Where, p(H) end p(0) are the resistivity at a given temperature in the applied and zero
magnetic hields, respeciively. MR can be positive or negative depending on the increase
or decrease in resistivity, respectively. in non-inagnetic pure materials and alloys MR is
always positive and MR shows a quadralic dependence on applied magnetic field. MR
can be negative in magnetic materials because of the suppression of spin disorder by the

magnetic feld.
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All metals show some MR, but upto only a few pervent. Nonmagnetic melals such as Au,
exhibit small MR, but the magnitude is somewhat greater (upto 15%) in ferromagnetic
melals such as Fe and Co. The semimetal Bi also shows ~ 18% MR ip a Lransverse field
of 0.6T, which risés to a 40-fold change at 24T [14]. Cu is more typical in that the same
very powerful field (24T) gave rise to change of only ~2% al room temperature. This is
the ¢lassical positive magnetoresisiance that va.rieé as B? (B = applied magnetic field) in
half metallic ferromagnets such as CrQ;, FeyOy at low temperature [15]. It is absent in
{he free electron gas [16] but appears when the fermi surface is non-spherical. This MR
originates from the impact of the Lorentz force on the moving charge carmers similar to
(he Hall effect. Its value is ~ 10% at 10T. A classilication of magnetoresistance
phenomenon is based on the distinction familiar in magnelism between 1nirinsic
properties such as anisotropy constants, which depend cnly on the crystal structure,

composition and purity, and extrinsic proporties of manganites.

2.2.1. Giant Magnetoresistance

The Giant Magnetoresistance (GMR) was discovered in 1988 indepondently by Baibich
et al. {17] in Pads and Binasch er 4/ |18] in Jilich. It is (he phenomenon where .lhc
resislance of certain materials drops dramatically as a magnetic field is applied. It is
described as Giant since it is a much larger efect than had ever been previously seen in
metals. It has penerated interest from both physicists and device engineers, as thete is
both new physics lo be investigated and huge lechnological applications in magnetic

recording and sensors.

The GMR effect is most usually secn in magnetic multilayered structures, where two
magnetic layers are_closely separated by a thin spacer layer of few nm thick. It 15
analopous to a polarizalion experiment, where aligned polarizers allow Jight to pass
through, but crossed polarizers do not. The first magnetic layer ailows electrons in only
one spin slate to pass (hrough easily - if the second magnetic layer is aligned then that
spin channel can et;l.si]y pass through the structure, and the resistance is low. If the second
magnetic layer is misalipned then spin channel can not get through the structure easily,
thus lhe elecirical resislance is high.
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The GMR effect was orginally discovered in Molecular Beam Epilaxy grown epitaxial
(100) oriented Fe/Cr/Fe sandwiches [18] and Fe/Cr multilayers [17] but the effects were
guite modest at room temperature. Shonly afterwards it was discovered that similar
effects could be found in polycrystalline sputtered Fe/Cr multilayers and subsequently
very large room temperature MR was found in Co/Cu and related multilayers [19-21].
The GMR has also been observed in variety of inhomogeneous granular systems
predominately comprised of Fe, Co, Ni and their various alioys in Cu, Ag and Au
malpces [22-24]. In pranular magnetic systems, where small ferromapnetic grains are
embedded in an imriscible insulating matrix, the macroscopic properties depend on he
metallic volune fraction, the prain size and intergranular distance. When the relative
orentation of grain is antiparaliel, it resulls in & minimum In conductance. When
antiparallel prains are forced to be parallel by the application of a magnetic feld,
conductance increases and results in large magnetoresistance [25-26]. Cn Lthe other hand,

in magnetic multilayers spin dependent scatiering at the interface is responsible for the

GMR effect [27].

Grunberg ef al. (1986) [28] have observed MR in thin film multilayers comprising of two
layers of Fe, and Cr layer sandwiched between them. The n:pc-ﬁ of Grunberg went
unnoticed by most researchers till Baibich ef af. {1988) [17], independently observed a
drop in resistivity of almost 50% in amificially engineered multilayers by application of
external magnetic field and named the phenomenon as Giant Magncinresislance {GMR).
Parkin et al. (1995} [29] have found that the relative orientation of the magnetic
moments of twe peighbouring Co {magnetic) layers depends on the thickness of the

intervening spacer Cu (nonmagnetic) layer.

2.2.2. Emergence of a New Type of Mugnetoresistance: Colossal Magnetoresistance
Another mapnetoresistive malerial which has drawn considerable atteniicn in the last
decade are the unigue intrinsically lavered perovskite (ABO; type) manganites of the
form REy . AEMnO;, where RE is a trivalent rare carth element e.g. La, Pr, Nd etc. and
AFE is divalent alkaline earth element e.g. Ca, Ba, 5r etc. Chahara et af. {1993) [11], von
Helmholtz ef af. (1993) [12] and Jin ef af. (1994) [13] observed a high magneteresisiance
m these doped rare earth manganiles in a magnetic ficld of scveral tesla [-6T]. As (he
physical origin of the magneioresistance in mnanganites was completely different from
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the Giant Magneloresistance effect {GMR), and hence the term Colossal was coined to
describe Lhe effect.

The initial interest in the potential applications of colossal magnetoresistance was soon
prompted by the complexity of the materials. In these materials, the interaction between
the electrons and latlice vibrations (phonons} is usually strong, leading to a wide range of
striking physical phenomena and most crucially, can be hmed over a wide range by
variation of chemical composition, temperature and magnetic field. These materials
therefore provide an unprecedented opportunity to study the poorly understood physics
of systems in which a bigh density of electrons is strongly coupled to phonons that
demand a microscopic and ultimately atomic characterization of structure, electronic
structore and dynamics. The relationships between these siructural, electronic, magnelic

and optical properties are to be explained in a systematic way.

The research has given rise to important physical concepts, such as double exchange
mechanism and Lhe Jahn-Teller polaron, optically and electrically induced magnetic
phase transitions, colossal inminsic maegneioresistance and grain  boundary
magnetoresistance. The rich elecironic phase diagrams reflect the balance of interaction.
which together determine the electronic ground state. Their properties have been studied
for years, both (heoretically and experimentally, but a complete understanding remains

elusive.

2.3, History of Manganites

The mixed-valence manganites perovskile structures have been studied for more than
fifty vears but are still ¢considercd modern materials because of their wide potenlial for
technological applications. In 1950 Jonker and Santen [6-8] described the preparation of
polycrysialline samples of (La,Ca)MnQ;, (La,Sr)MnO; and (La,Ba}MnO; manganites
and reported ferromagnetism and anomalics in the conductivity at the Curie temperature
with variation in lattice parameter as a fanction of hole doping. Few years later
Volger [30] cbserved a notable decrease of resistivity for LangSrg2MnO; in FM state, in
applied magnetic fields. Socon afier a significant research effort have staried on the

studies of low temperature measurement in manganites sach as specific heal,
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magnetization, dc and ac resistivity, magnetoresistance, magnetostriction, I-V curves,
dielectric constant, Seebeck effecl and Hall efect [30,31].

After those pioneering experiments, Wollan and Koehler (1955} [32] camied out
extensive neutron diffraction study to characterize and draw the first magnetic
structures of La;.xCa,MnQ; in the entire composition range. They found that in addition
o FM phase many other interesting soti-ferromagnetic phases were also present in
mangamites, Further progress come somewhat later when the group at Manitoba grew a
high quality mm long single crysial of another interesting manganites (La,PbyMnOs,
which has a Curie temperature well ebove room temperature.

Jirek et al. {1979) [33] and Pollent ef af. {1982} [34] studied the suucture and magnetic
properties of another very popular mangenites (Pr,Ca)MnO; by X-ray and neutron
diffraction technique. They obscrved charge-ordering phases which are wtally different

from the ferromagnetic phases of other manganites.

A burst of research activity on manganites slarted during 1990 because of the
observation of large magnetoresisiance. Work by Kusiers ¢f of. (1989} [35] on bulk
Nd; sPbosMnOs reveals the large MR effect. Another work by von Helmholiz ef of.
{1993} [12] on thin films of Lay;Ba;sMnQ; also revealed a large MR eflect at room
temperature, Thereafter similar conclusion was rr:achcd.by Chahara ef af. {1993) [11]
using thin films of LaysCajaMnOs and ju ef af. (1994) [36] for films of La; Sr:MnOs.
They all observed MR values larger than those observed in artificially engineered
multilavers (GMR). A defining moment for Lhe field of mangamites was the publication
by lJin er al. {1993) of resulis with wuly Colossal Mapnetoresistance (CMR). Jin ef af. .
[13] reported MR close to 1300% near room temperature and 127.006% at 77K for Lhin
films of La; 67C25 33MnQs. This enormous factor cormesponds 1o thousand-fold change in
resistivity with and withont the field. One year later Xiong ef ¢f. (1995} reporied MR
ratio of over 100,000%% using thin films of Ndg 7810 :3MnO5 near 60K and in the presence
of magmetic field of 8T. These studies led to the obvious conclosion that manganites

were a potential alternative for Glant Magnetoresistive systems.
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2.4. Salient Features of Manganites

2.4.1. Electronic Structure of manganites

The parent compound crystallizes in AMnO; type perovskite structure having general
formulas RE;.,AE,Mn0Os, where RE stands for trivalent rare earth cation such as La, Pr,
Nd, Sm, Eu, Gd, Tb, Y etc. and AE stands for divalent alkaline earth cation such as Ca,

Br, Sr etc. In Lhis perovakite [ike structure (RE,AE) occupies the vertices of the cubic
unit cell, Mn occupies the body cenler and O occupies the six faces of the cube which
forms MnQj octahedra [37-39]. Most manganites from perovskites crystals, including
layered perovskites. However, some manganiles can be formed of hexagonal layered
crystal structures which are different from the cubie siructure in atormic view, play some
imporant role resulting different physical charmcterigtics [40].

The perovskite crystal structure ¢an be regarded as a three dimensional network of comer
sharing MnQOs oclahedra, with Mn ions in the middle of the octahedral. Eight octahedra
{form a cube, with the A sile in its center. In the cubic perovskile, Lhe A-site is tweive-
fold swrounded by oxygen ions. But typically Lhe ionic radius of the A ion is similar (han
Lthe volume enclosed by the oxygen jons. This volume reduced hy rotating the oclahedra

wilh respect to each other. Inevilably the twelve A~ bond lengths becone in equivalent.

{a) (b} {c)
Figure 2.1: Crystal stucturcs of the most important oxides: (@) perovskite structure
{Lag:Cay :MnQs); (b) The MnO, plane, which is identical in Lhe strocture to Lthe CuQ); planes
of the high temperature superconductors (HTSC’s). (¢) n = 2 Ruddlesden—Popper phase
{La;+Ca, M0y, MOy oclahedra are shaded, La/Ce fons are drawn as spheres).
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The perovskites crysial structure can be regarded as a Lhree dimensional network of
corner sharing MnQ; octahedra, with Mn ions in the middle of the octahedra. Eight
oclehedra form a cube, with the A site in ils centre. In the cubic perovskite, the A sile is
twelve-fold surrounded by oxygen ions. But typically the ionic radius of the A ion is
smaller than the volume, enclosed by the oxygen ions. This volume can be reduced by
rolating lhe octahedra with respect to each other. Inevitably the twelve A-O bond lengths
become nonequivalent.

The first report on the crysial structure of the manganites dates back to 1943 by Naray-
Szabo [41] and was revised by Yakel [42] in 1953, In contrast to the single cubic unit
cell reporied by Naray-Szabo, Yakel proposed a monoclinic unit cell, nearly identical 1o
the double cubic cell, but for one angle that is slightly larger than 90", Although the
perovakites structure ilself was not under discussion, the exact modification was
conlroversial. The AMnO; hes the Prma space group. Just like LaFeQOs;, LaMnO; has
nearly cubic laflice paramelers, which make a structure selution and refinement very
hard [43,44]. Elemans ef af. [45) were (he first to reporl the Pamag space group for pure
LaMnO;. The oxygen sioichiometry of these AMnO; compounds is very sensilive to
synthesis conditions. Stoichiometric LaMn(); is an antiferromagnetic insulator with a
Neel temperature of 130 X dominated by the strong Coulomb interactions between the
electrons. The spins are ordered ferromagnetically in the ac plane with the spins parallel
to g-axis [46]. There 15 an anbferromagnetic coupling between the Ia:;fers, along the
axis which is close to 180° [47].

2.4.2. Physical overview of doped manganites

The characteristic propertics of doped perovskile mangamites like the CMR effect and the
strong correlation between the structure and elecironic-magnetic phases can all be
atributed to the ratio of the Ma®" and Mn** ions. The patent compound crystallizes m
AMnO; t}fpe perovakite structere having general formulas RE; 2 AE,MnOs, where RE
stands for (nvalent rmre earth cation such as La, Pr, Nd, Sm, Eu, Gd, Th, Y etc. and AE
siands for divalent alkaline eanth cation such as Ca, Br, Sr eic. In this perovskite like
structure (RE,AE) occupies the vertices of the cubic unit cell, Mn occnopies the body
center and O occnpies the six faces of the cube which forms MnOg oclzhedra. The

(RE.AE) site can in most cases form homogenous solid solution. Both the end members
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LaMn0O; and CaMnO: are antiferromagnetic insulator having single valent Mn jons t.e.
Mn’* and Mn*" respeclively. ‘On partial doping of the trivalent RE-ion by divalent
alkaline earth cation AE, leads to the formation of a mixed valence state of the Mn ie.
Mn?* and Mn** 10 maintain the charge neutrality of the sysiem. The mixed valency of Lhe
Mn ions may also be controlled by varying the oxygen content. This doping with some
divalent cation causes Lhe structure to get distorted due to the differences in the size of
the various atoms and leads to Jahn-Teller eflect. Perovskite-based structures
occasionally show lattice distortion as moedificalions from the cubic structure due to
doping. One of the possible onigin in the latlice distertion is the deformation of the MnOs
octahedron arising from the Jahn-Teller effect that is inherent to high-spin (8=2) Mn™
wilth double degeneracy of e, orbital. Another latiice deformation comes from Lhe
connection pattemn of the MnQOs octahedra in the perovskite structure, forming
rthombohedral or orhorhombic lattices. In these distorled perovskites, Lhe MnQOjg
oclahedra show altemate buckling. Such a lattice distortion of the perovskite AMnO;
(where A=RE,| AE,) is govemned by the Goldsmith tolerance factor *’ which measures

the deviation from perfect cubic symmetry {t=1) and is defined as,
= (oo ¥ Y2 o) =1 coveeeeieeee e (2.2)

where o, rr and 1o are the radii of Lhe divalent, tovalent, and oxygen ions,
respectively [5]. The tolerance facior measures the deviation from perfect cubic structure
{t=1). By using mixturcs of T= La, Pr, and Nd and D =Ca, Sr, Ba, and Fb, t ¢an be
varied, with the result that Lthe perovskite structure is stable for 0.85< t <0.91. At finite
doping, charge balance is maintained by a fraction, x, of Mn ions assuming a tetravalent,
Mn™ (d°), configuration in a random fashion throughout the crystal, with the remainder
in the Mn™"(d* state presurnsbly, D substitution is equivalent W hole doping, but thermo
power and Hall effect disagree on the carrier sign in the paramagnetic stale, suggeshing
that a simple band picture is not valid. Mixed valency can also be modified by varying
the oxygen content. For x=0 and 1, M {T< 100K} was found to be small, indicating an

antiferromagnetic {AF) ground state.

At intermediate values of x, M tises and peaks with its Hund s-rule value at x=0.3. In
subsequent work ven Santen and Jonker showed (hat at temperatures above Lhe

ferromagmetic Curie point, T, the resistivity behaves like a semiconductor, do'd7<0, but
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that below T, not only is there a sharp reduction in resistivity, bit also a transition to
metallic behaviour, dofdT> 0 [6]. This behaviour is shown for La,..Sr.Mn(y and
La;.Ca,MnQ; in figures 2.2 and 2.3.

Rasistrty { O cm)

S B R e

Toemparahas (K)

Figure 2,2: Resistivity against Temperature for La,,SrnMn(; for varions x valoes. The armows

denote the transition as determined by magnetization measorement [73].
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Figure2.3: Top frame- mapnetization agains! temperature for Lag ;5Cag3:Mn0; for varies field
values. Middle frame resistivity against temperalure The inset shows the low temperature
resistivity compared to T'° (solid linc} and T** (dashed linc) behaviour. Bottom frame-
magnetoresistance against temperature. Open symbols reflect low-field behaviour and soiid
symbols reflect the high field behaviour

2.4.3. [onic view of electronic siructure

Fip. 2.4 shows the elecrmnic.cun_ﬁlgumtiﬂn for the Mn'* and Mn*" ions in the compound
AMnO; in a hybrid orbital structure. Mn ions have an incomplete d-shell (Mn: [Ar]
34£45%). According to the Hund's rule, in ordr to minimize the energy, alt the unpaired
electrons in cuter d-shell align their spins parellel to one another. Thus only five d-levels

comresponding o the majority spin are sccessible,
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Figure 2.4; Electron states of the oulermast 3¢ energy level of the Mo™ and Mn** ions.

Hurd’s rule is implied by two intcraction: Coulomb repuision makes electrons to be in
different d-orbital each; Hund’s coupling obliges the elecuron spins to be parallel. In
isolated atoms, Lhe five 4 levels are split into three-fold degenerate ¢z (dy, dyx and di)

and two-fold degenerate ¢ {d;_, andd,; ) due to the cubic symmetry in which

manganites crystallize [48]. The ¢z, orbitals are lower in energy than the e, orbitals
berause the later are aligned with the p-oxygen levels leading to a larger Coulomb
repulsion than in other directions. Mn*" has three electrons in the outer d-shell that can
be considered as lacalized in the three ¢, levels giving a total spin §=3/2. The two e,
levels remain empty. On the other hand Mn®" has an extra electron that fills one of the €g
level, which spin 5=2. This single electron is unstable, hence the systen reduces ils
energy by splinting the double stale into two hyperfine energy levels. This well-known
phenomencn 1s called the Jahn-Teller effect [49]. These e, levels are the active ones for
conductivity. These levels hybridize with oxygen p-levels [50] consisting the conduction
band whose bandwidth depends on the overlapping of the e, orbital of the Mn and the p-
levels of the oxygen. The minonty anti-paralle! spin levels are very high in energy. This

umplies that only the 1najority spins can conduct. For this reason, manganites are called

half-1netals.

Fig-2.5 outlined the electronic hopping within narmow and fully spin-polarized bands are
supperted by a band strucrure calculation made for the end members of one dilution

series, LaMnOy and CaMnO; [51]. For LaMnO; this calculalion shows a typical
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separation between p and down polarized bands of about 1.5 ¢V and bandwidihs of
order 1-1.5 ¢V. Photoemission experiments on La; ,DMn0; {D= Ca, Pb) confirm these
basic features {52]. The density of states for such a system is shown schematically in the
figure. It has shown for comparison is the density of states for Ni metal. Since (he up and
down spin bands are well separated, the magnetic polarization (saturalion momeni) is
100%, compared to 11% in Ni. This will lead to reversal of carrier spin direction across
FM domains and large grain-boundsary effects.

L, D Mx0,

di—

g —
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Figure 2.5: Schematic T=0 density of states for doped LaMnQ; The level diagram o the lefl
shows the approximate positions of the 3d bands in undoped LaMnO; The enercy scale for
LayaSruMnd; is extracted from photoemission data. Comparison 15 made to Ni metal which

possesses a much smaller degree of spin polarization.

2.4.4. Layercd manganesc oxide perovshites

Manganese is three-dimensional perovskites. The perovskate struchire consisls on a
lattice of oxygen octahedra with 2 Mn ion in their center, where the trivalent La’ site is
substituted by divalent Ca®* ion. Therefore, there is an oxygen ion between every two
mangancse as shown in the MnQ, plane. The structure of these planes is completely
analogous to the CuQ; planes found in the cuprate high temperatire superconductors
{HTSC’s). The MnO; planes are then stacked in a variety of sequence with MnQ); planes
interleaved with (La, Ca)Q planes in figure 2.6,
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Figure 2.6: The crystal structure of the layered manganites,

The u’;ompounds are annotated depending upon how many MnO: planes are arranged
between Lhe bi-layer of (La, Ca)D planes. La and Ca can be replaced by many other
tovalent and divalent ions. This serics is called the RuddIcsden—Pi;ppcr (RP} senes, and
has the general formula (La, Ca)y;Mn,Osa4p. The n = 1 compounds have formula unit
{La,Ca)yyMn(}y and are analogous to the HTSC ¢ompounds (T.a, Ca)yCu(,y. The n = 2
compeunds bave the formula unit {La,Ca);Mny0y and n=3 have (La,Ca)yMn;0g. The n
= o¢ compounds have no (La,Ca)Q bilayers, and have the formuia unit (La,Ca)MnO:;.
They are cubic or distorted cubic compounds, and the most heavily studied of the
manganitcs. The layered compounds (n # <) cleave much more readily than the cubic

compounds and so are more suitable for the spectroscopic measuremenis [52].



2.4.5. Transport properties of CMR materials y

In magnetism, it is customary 1o distinguish an intrinsic property, which depends only on
the bulk chernical composition and crystal structure, from extrinsic properties that are
governed by the sample size and microstructure. For example, hysleresis is generally an
extrinsic property, where as on the other hand, spontaneous magnetizaion is an intrinsic
property. Intrinsic properties are best measured on single crystal and epitexial Alm.
Magnetoresistance can be an intrinsic or an extrinsic  property. Intrinsic
magnetoresistance is maximum close to the ferro-paramagnetic transition and appears
due to (he inLrinsic interactions in the materials. The general form of the magnetization

and Lhe resistivity of CMR materials are shown in figure 2.7.

MAGNETIZATION
ALTAILSISIN

TEMPERATURE T,

Figure 2.7: Resistivity and magnetization as a function of temperaturs.

When a magnetic ficld is applied, the peak on the resistivity moves toward higher
temperature and dranmatically decreases its height. As shown there the magnetic
transition is accompanied by a change in the behaviour of the resistivity with
lemperature. The system is metallic below (he magnelic critical temperature T, (dp/dr>0)
and insulator in the paramagnetic region {dp/dr<0). T, ranges from the 15K for EuB; 1
more than 500 K for double perovskites. In particular, manganites cover a wide range of

T, (100-400K). Approaching T, from below, the resistivity increases dramatically-

sometimes by order of magnitude.



The polycrystalline samples show a completely different behaviour characterized by two
futures: a sharp increase of magnetoresisiance at low field and at linear background at
higher-fields. [t has been suggested by Gupla ef al. [54], and Li ef ol [55] Lhat the low-
Feld magneioresistance, which is consistenlly observed in polycrystalline manganitas, is
due to spin-dependent scattering in grain boundaries. A low exlernal field can readily
rolate lhe grain magnetizalion into a parallel configuration and thereby cause a
significant drop in resistivity and low-field magnetoresistance. The degree of spin
polarization is temperature dependent and increase wilh decreasing temperature [56].
Hwang et af. [57] suggested Lhat the effect was due to spin-dependent tunneling between
adjacent grains separated by an insulating grain boundary constituiing a tunnel barrier for
the spin-polarized conduction electrons. Also within this model the low-field
magnetoresistance ¢an be explained by the alignment of magnelizations of neighboring
T |
Spin-dependent scatieding or spin-dependent tunpeling can explain the low-[ield
magnetoresistance but fail to explain the linear high-field magneloresisiance. Evetts e/ af,
[58] suggested Lhat the high-field magnetoresistance is associated with a magnetically
mesoscopic disordered interface layer present in the 1.f-i-::init:r of prain boundaries. The
Lranspori mechanism in the interface layer is Lhe same as in the bulk parts of the grains,
but the layer has depressed Curie temperature and magnetization, which could be caused

by strain, defects and weakened or absent bonds near Lhe grain surface. The high-field
MR could be related w alipmment of spins in the discrdered mierface layer.

2.4.6. Transpori properties of fow other polyerystalline materials

The elfecis of grain boundanes on Lhe resistivity end magnetoresistance of
polycrystalline manganites compounds were reporied very early by Volger e al, [30].
The recent research was initiated by the work of Hwang er /.[57]} and Gupla ef al[54].
These  authors compared the magnetoresistance and the mapnetization of
Lay 67519 33Mn0; single erystals and polycrystalline ceramics and Lay g7Cap 13MnQ; and
Lag g28r9 330005 epitaxial and polycrystatiine fiims respectively. Both investipalions
found that the resistivity and magnetoresistance depends sensitively on the

microstructure, whereas the magnetization was hardly affected.
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Figure 2.8: Top panel: zero-field resistivity of Lag ;Srg33Mn( single crystal and polycrystals
as a function of temperature. Bottom panel: magnetization of the sample as a funclion of

temperature measured at B=0.5 7. The insct shows the field-dependent magnetization at 5 and

280 K reproduced from Hwang ef al.[57]
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Figure 2.%: Magnetoresistance dala of the samples. Panels (&), () and (&) normalized
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{d) and (f: magnetic field dependence of the nomalized magnetization reproduced from
Hwang ¢ af {37]
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Figure 2.8 shows he zero-field resistivity and the megnelization of the samples as 2
function of lemperaiure. Whereas the low-temperature resistivity depends strongly on the
microstructure, the magnetization of the three samples is virtually identical. The effect of
the prain boundaries on the magnetoresistance is more dramalic. Figure 2.9 shows the
field dependent resistvity and magnelization of the samples. The single crysial shows
the magnetoresisiance linear in magnetic field. The polycrystalline samples show 2 sharp
drop at low magnetic field followed by a linear dependence at higher ficlds. Again the
field dependence of the magnetization is virtually identical for the Lhree samples. The
magnitude of the low-field magnetoresistance increases with decreasing temperature in
comrasl to the intrinsic magnetoresisiance that has 2 maximum value ncar the Curie
temperature and decreases with decreasing temperature. These results cannot be
explained by the intrinsic magneloresistance alone, since the intrinsic magnetoresislance
is only a function of the magnelization. Hwang ef @/, suggested (hat the low-field
magneloresistance in polycrystalline samples is dee to spin polanzed tunneling between
the misaligned grains.

2.4.7. Intrinsic and Extrinsic mapgnetoresistance

Mapnetoresistance can be intrinsic or extrinsic in property. In this seclion the intrinsic
and extrinsic magnetoresistance is discussed and also illustrale how they can be
distinguished from experiment. Some results from the literature are used for

exemplification.

Intrinsic Magnetoresistance

.Intrinsic magnetoresistance is closer to he ferromagnetic-paramagnetic transition and
appears due to the inininsic interactions in the materials. Figure 2.10 shows the
lemperature dependence of the zero field and pg=3T resistivilies of a single-crystalline
thin film Lay;Cap3Mn0; sample, data obtained from Hundley er al [39]. The
corresponding magnetoresistance is shown in the seme graph. This sample has no

internal grain boundaries s the magnetoresistive response is therefore entirely intrinsic.
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Figure 2.10: Besistivity of single<<rystalling thin-film Lag 7Cap sMn0; in zero magnetic field and
in an applied field of 5T. The graph shows also lhe corresponding Magnetoresistance adopted

from Hundly ef al {59]

The thin-film substance shows a metalansulator transition coinciding with the
ferromagmetic-paramagnetic transition at tha temperature (250 K). Qualitaiively, the
temperature dependence of the magnetoresistance can be expiained n terms of Zener's
double-exchange mechanism. The simplest expression for conductivity is o = nep, where
o 15 the number of carries, € is their charge, and p their mobility. The metal-insulator
transition could thus orginate from either a change of the number of carriers or a change
the mobility of the carriers. In the double-exchange theory the change of hopping
mobility is the dominant effect on the conductivity .The Lransfer inlegral for electron
transport between adjacent Mn siles 18 1=1cos{8/2) where 5 is Lthe angle between the spin
directions of the two Mn cores spins. Below the ferromagnetic transition temperature the
spin system is ferromagnetically ordered and the probability for electron transfer (and
thereby Lhe maobility) is high. The zero-field resistivity shows metallic-like lemperature
dependence with a positive slope. Around (he Curie temperature the spin system
becomes disordered because the thermal energy exceeds the ferromagnetic exchange

energy. The hopping amplitude decreases and a drastic increase of the zero-field

2B




resistivity is observed. Above T the resistivity decrease with temperature as expected for
an insulator, where transport is thermally activated. The sample exhibits a large negative
magnetoresistance peaking just above the Curie temperature. Below T the spins align
spontaneously and the external field has little influence on 8. The magnetoresistance
gradually vanishes when Lhe magnelic moment approaches its saturation value. Near T,
however, the spin system is highly susceplible w the exiernal field, which canses a
subsiantial change of (he local spin disorder and thereby of the carrier mobility. Thus, the
ficld drives the material more metallic. Far above Lhe Curie point the external field can
no longer compete with the thermally induced random spin fluctuations and the

magneloresistive response decreases with temperature.

Many rescarch groups have suggested that double exchange alone is not sufficient in
order to explain the CMR. The nodels proposed evoke a competilion between double
exchange and another mechanism-such as polaron formation due to the strong electron-
phonon coupling or localization by spin fluctualions; this competition is supposed Lo
drive the metal-insulator transition. The balance berween the two compeling inechanisms
is very sensitive to an applied magnetic field (hat suppresses spin fluctuations and
enhances the ferromagnetic order, The debate on the essential transport mechianism in the

manganites has not yet been decided.

It bas been also suggested by Coey et af. [60} or Von Helmolt ef al. [61] that the very
large change in resistivity observed for manganiles is due to magnetic pelaron formation
in the paramagnetic regime. The ¢, electrons may induce a local polarization of ils
neighboring spins forming a small ferromagnetic entity called a magnetic polaron.
According to their suggestion a magnetic polaron can be considered a quasi-particle and
it gan jump from lalice site to lattice site carrying along its spin polarization. This
hopping takes place via thermal activation. Below the curie temperature {or when a
magnetic field is applied) the magnetic polarons are destroyed. This could contribute to
the abrupt change of resistivity near Te. Another kind of polarons, which could be
present in mnanganites, are dielectric polarons formed due to the coulomb interaction
between the electron and its surrounding ionic charges. The concept of polaron transport

in mixed-valence manganites is not yet fully understood.
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In theoretical results by Millis ef a/. [62] the resistivity was oblained from a dynamical
mean-field calculation including double exchange and a coupling of carriers to phonons.
The calculations show that the resistivity above T, can be tuned from semiconducling 1o

metallic on decrease of the electron-phonon conpling sirength.

Extrinsic Magnetoresisiance

Figure 2.11{a) compares the temperature dependence of magnetoresistance of a single-
crystzlline manganite (an epilaxial thin film) with that of a polycrystalline thin flm
having the same composilion LaggCagysMnOs. Data was cbtained from Gupta et
al.[54]. Both samples show a magnetoresistance maximum near the Curie temperature,
which can be ascribed to intrinsic magnetatransport (the CMR effect). For the epuaxis]
ilm the magnetoresislance vanishes at low temperatures, as expected for o single-
¢rysialline material. However, (he polycrystalline [ilm shows gn increasing

magneloresistance with decreasing temperature,

Fipnre 2.11{b) shows the flield dependence of magneloresistance at two differem
lemperatures below he ferromagmetic transilion temperature. The epitaxial sample shows
a linear varialion of the magneioresistance with the applied field. This indicates that the
Bloch wall motion and rotation in single-crysiallime manganites do not dominate
transporl. The magnetoresisiance varies smoothly through the region of domain rotation,
which takes place in low [ields, so the im:n:ﬂsir;g magnetoresistance is mainly due to
enhance magnelic order. The magnetoresistance eflect is small and decreasgs wath
decreasing temperature. The polycrystalline sample exhibils a completely different
behavior characterized by rwo features: 1) & sharp increase of magnetoresisiance at low-
ficlds followed by 2) at linear background at higher [ields. The slope of the high field
contibution 1s broadly temperature independent. The low-lield magnetoresistance,
which is often lermed LFMR, increases with decreasing temperature.

It has been supgested by Gupta ef al. [54], and Li ef af. |55] that the low-field
magnetoresistance, which is consistently observed in polycrystalline manganites, is dne
to spin-dependent scatl.ﬂlring in grain boundaries. In ferromagnetic metals the exchange
energy splits the conduction band into majority end minority carrier bands resulting in a
spin imbalance at the Fermi ievel. In mixed-valance manganites the majority and 1he

minority bands are separated by an energy gap arsing fioin the strong Inira-atomic
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coupling between Lhe 3d ; conduction electrons and the 3d 13, core spins [63]. The spin
polarizalion may Iherefore approach 100% at low temperatures (thus, manganites may be
characterized as half-metals). In the ferromagnetic siale each grain in a polyerysialline

manganile may constitute a single magnetic domain.

Jn the virgin state, where no field is applied, (he grains have their magnetic moments
randomly oriented. The polarized conduction electrons are easily transferred between Mno
sites within a magnetic domain. However, an electron traveling across a grain boundary
to an adjacent grain (or domain} may become subject to a swong spin dependent
scattering leading to a high zero-ficld resistivity, A low external field can readily rotate
the grain magnetization into a parallel configuration and thereby cause a significant deop
in resistivity and low-field magnetoresistance, The degree of spin polarizalion is

temperature dependent and increases with decreasing temperature [56].
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Fig 2.11: Magnctoresistance for a field change of 0 to 2'T versus tempcrature of poly-crystalline
{lop panel) and epitaxial (bottom panel} thin film Laser.Cag nMn0y.b) Mapnetoresistance as a
function of applied [ield taken at 25 and 100 K.
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This could explain why lhe low-field magnetoresistance becomes more and more
dominant as ihe temperature’ is decreased. Spin-dependent scatiering of polarized
conduction carniers is the dominant mechanism describing spin-valve effects in metallic

GMR multilayers [64).

Hwang et al. [57] offered a different explanation to the low-ficld magnetoresistance
eflect observed below the Curie temperature. The compared the magnetoresistive
properties of single-crysialline and pelyerystalline Lags7S1rp3:Mn0; and also observed
LFMR (low field magnetoresistance) in the polycrystalline samples, which was absent in
the single erystal. They suggested that the effect was due to spin-dependent minneling
between adjacent grains separated by an insulating grain boundary constituting a tunnel
barrier for the spin-polarized conduction clectrons. Also wilhin this model the low-field
magnetoresistance can be explained by the alignment of magnetizations of ncighboring

£rains.

Spin-dependent scattenng or spin-dependent tunmeling can explain the low-field
magnetoresistance but fail to explain the linear high-field magnetoresistance. Evetis et
al.[58] suggested that the high-field magnetoresistance is associated with 2 magnetically
mesoscopic disordered interface layer present in the vicinity of grain boundared
(fig 2.12}. The transpori mechanism in the interface layer is the same as in the bulk parts
of the grains, but the layer has depressed Curie temperature and magnetization, which
could be caused by strein, defects and weakened or absent bonds near the grain surface.
The high-field MR could be related to alignment of spins in the disordered inter-face

layer.
Ganin bousdary
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Figure 2.12: Schematic illustration of grain-boundary transport in a polycrystalline mixed-

valence manganite.
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Figure 2.12: Schematic illustration of grain-boundary trenspori in 2’ polycrystalline
' mixed-valence mangenite. Each prain constitvtes 2 single magnetic domain. The
conduclion electrons show a high degree of spin poiarization inside the grains. When
traveling across the grain boundary condnction electrons may be subject to a strong spin-
dependent scattering, which can be reduced if a low external magnetic ficld aligns the
magnetizations of the two grains. Spin alignment in the disordered surface layers gives
raise to high-filed magnetoresislance.

2.5. The known mechanism for mangunites

2.5.1. Doubie exchange model

The behaviour of ilinerant electron and ferromagnetism in the doped manganites is
explained by Zener’s double exchange mechanism. Manganese oxides, when doped,
become ferromagnetic metals and exhibit remarkable magnetoresistive properiies, which
correlated ferromagnetism and melallic resistivity near T, [38]. According tc that
ferromagnetism arises from indirect ¢oupling among the manganese ion spins via the
carriers. Apart from this indirect coupling, there is super exchange between neighbouring
t7, of anliferromagnetic character. The addition of divalent material in undoped LaMnO;
changes the valence state of some Mn** (o0 Mn*", The Mn®" fons in LaMnO; have three
electrons in the ¢, state and one electron in the ¢, stale due (o the crystal field splitting.
Because of the strong Hund conpling and on-site Coulomb repulsion berween e
electrons, LaMnQs is en antiferromagnetic insulator. The replacement of trivalent La™
ions with any divalent cations {e.g., Ca®*, Sr*", Ba’" etc.), some Mn ions change to the
Mn** state without e, electrons {as hales). The vacant e, state of Mn"™ makes it possible
[or e, electrons in surrounding Mrn** jons to hop into the e, state of Mn*" as long as the

localized t, spins of neighboring Mo’ and Mn** ions are parallel.
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Figure 2.13: The splitting of the £, and &, band in La,.,AMnQs_

In the perovskites structure the Mn ions are separated by O jons and conduction process
occurs via oxygen as follows:

Betore electron transfer: Mo™* OF Mn*

After electron transfer @ Mn*" O Mp*

Jonker and Van Santeen [6-8], and Wollan and Koehler [32]), concluded that the
exchange coupling in general is: ferromagnelic between Mn™ and Mn* ions,
antiferromagnetic between Mn** ions, either ferromagnetic or antiferromagnetic between
Mn®" {ons. The T is related to the strongth of the transfer integral between Mn™ and
Mn*" ions, It can be expected that this coupling is sirongly dependent on the angle
subtended by the Mn**-O-Mn** bond. It is found that 7T is reduced by bending the Mn™-

O-Mn* bond.

2.52. lmportance of double exchange model

Double exchange (DE) mechanisin is very important for undersianding the behaviour of
manganite perovskites. This simple looking mode! has been deeply studied and, in
cerlain regimes, qualit'ative agreement with experiment has been found. Im paricular,
magnetic properties are betler described than eleciric properties (there is not a M-S
iransition for £}, But some manganiles, 8 hole doped La; St Mn(s, are melallic for the
whole range of temperatures (Fip.2.14}. The fact is that lattice distofions compele with
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the bandwidth and a large bandwidth (as is the case of La|SrxMn(s) implics 2 more
efficient double exchange interaction. In fact, Varma [65] and, more recenlly, Lyanda-
Geller et al. [66] have pointed out that Jahn-Teller phonens are not necessary 1o get the
metal-insulator transition and double exchange plus disorder, which leads 10 localization

as proposed.

A 1 2 1 ] N | 1 " 'l A L a L4 "

B 50 100 150 200 Zm 200 3X 400 450
Turmperniars {K) '
Figure 2.14: Temperature dependence of resistivity under zero magnetic field {solid lines) and
other 7 T (dotled lines) for Lag ;Cag ;Mn0;, Lag s:(Ca. Pl 33Mn0; and Lag 150, mMnO;,

2.5, Jahn-Teller distortien

Three electrons in the 3d orbital of the manganese ions form a triplet glate at low energy
that remain bound to the ien, and because they all point in Lthe same direction they have
overall magnetic moment of 3/2. In contrast, the electrons in the highest energy level are
" shared with the oxygen ions, forming an energy band and hence conductivity of the
material is largely controlled by the width of the band. Perovskite cubic structure showed
in Fig.2.15 are actually distorted because cations A and B can have very different sizes
p.rnducing tilling and twisting of the oxygen octehedral [67-69]. This distortion can be
estimated by ihe Goldschmidt tolerance factor, t. For a cubic lattice t=1 and decreases as

the diffarence in size belween A and B increases. It has been found that for oxides ands

fluorides (he perovskite structure types are stable in Lhe range 1.0 212 0.77.
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Tilting of the oclahedra can be measured with the distortion of the Mn-0O-Mn bond angle
© - @ = 180° for cubic symmetry. For particular composition, © can be the renge from
150° to180°. This dislortion affects the conduction band which appears as hybridization
of the p-level of the oxygen and the ¢, levels of the Mn, which in turn depends on the
geometric arrangement of the ions. The larger the overlap, the wider the band. Orbitsa)
overlapping decreases with the distortion and the relation between the bandwidth # and

© has been estimated as #wcos® @ [70].

Also the residual resistivity value pp increases by orders of magnitude when the bond
angle decreases. Bandwidth is closely related to the magnitude of the critical temperahure
T, that could be increased by chemical pressure, namely by choosing the right cations A
and B (or equivalently, by the application of external pressure). Two parameters are

important here, the mean value of the calion sizes (rﬂﬂ) and ils variance
a’ =(.'*;f ,;)—(J";”E,.>2 [71]. The main result is that a decrease of the cation disorder

implies an increase of (he critical temperature. In the ideal case ° = 0 and a T, as large
as 520 X could be achieved. Another cause of disorder is the larger size of Mr'* (~0.72)
with respect to Mn** (~0.5). This leads to a breathing distortion mode as shown in
Fig.2.15.

Figure2.15: (32 and Q3 are the two Jahn-Teller modes of distortion of the oxygen oclahedra
associated to the splitting of the eg levels of Mn3+ [29]. These particular cases comespand o
Q2>0 and Q3> 0. QI is the breathing distortion that occurs the different size of Mn*" and
Mn™.
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For instance, a Q; mode favours the occupancy of an orbital elongate on the z-direction

(d,i_ ). The interaction between the Jahn-Teller distortion modes and orbitals is called

cooperative Jahn-Teller. Lattice distortion of he oclahedra can be slatic or dynamie.
When the carriers have certain mobility, the distortion of Mo®" and Mn** jons are
rendom and changes with tme. Therefore, electron-phonon coupling arises and, in fact,
Millis ef al. [62] and Roder ef al. [72] claimed that it is necessary to lake account of the
lattice vibrations 1o explain the change in the curvature of the resistivity close to 7.

Morever due to large Hund's coupling, magnetic polarons can also be formed.

As a test of all (his, it is well known that manganese perovskites present structural phase
transitions for small values of x. The stracture is rhombohedral at high temperature and
ortherthombic with the lanice parameler (\"23@, V23, 1"2&.:.) superstructure of the
elementary cubic perovskite cell at low temperature, The critical temperature of this
transition is ~700 K for x = 0 and decreases to 0 for x = 0.2. Asamitsu e/ af, [73] showed
that this transilion could be externally conlrolled by application of a magnetic field

implying of a large spin-lattice coupling.

2.5.4. Electron-phoron Coupling and Subsequent Theories

The double exchange and subsequent theories can only explain the ranspori properties
of manganites qualitatively. However, it overestimates the Curie temperature of most
manganites, can not describe Lhe huge magnitude of the CMR elfect, underestimates the
resistivity values in the paramagnetic phase by several orders, and can’t account for the
existence of various antiferromagnetic phases, charge/orbital ordering, phase separation
scenario and strong lattice effects seen experimentally due (o its inherent limitation for
several manganites. In 1995 Millis ef af. {62] incorporated the idea that double exchange
alone does not explain the resistivity of La;..Sr,MnO;. Their argument hinges mainly on
en estimate of the Curie temperature in a pure double-exchange model which comes out
o be an order of magitude larger. Morcover, Millis et al. calculated the resistivity
within the double-exchange mode! including spin fluctuations and found that resistivity
decreases below T, and a positive magnetoresistance above T, both features in
contradiction to the experimental results. Millis et al. argued that the eleclron-phonon
coupling due to the dynamic Jahn-Teller distortion plays an important role, and that a
sirong interplay between electron-phonon coupling, including charge localization, and
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Hund’s coupling, generating 8 FM metallic phase, is responsible for the observed
properties of manganites. The strong e-ph coupling in manganites is mainly cansed hy
the Jahn-Teller effect of Mn®™. The JT effect causes local distortion of Lhe crystal
structure in which some of the Mn-0O bonds become shorter and other longer. This breaks
the local cubic symmetry and splits the degeneracy of Lhe e, levels on that sile. By
occupying the orbital with the lowest energy, Lhe e, electron can become effectively self-
trapped to form together with the surounding deformed lattice a quasi-particle called
lattice polaron or Jahn-Teller polaron. This transport of lattice and spin distortions is also
called as magnetic-polaron. Calculations by Millis ef af. predict the localization of
charge carniers by tempore! and spatial JT distorions around and above Te. This would
lead to Lhe observed aclivated resistivity behaviour in the paramagnetic phase. Below Tc,
the self-trapping of carriers ends leading to a relaxation of the laltice and an enhancement
of the conductivity. in this theory both JT ecupling and DE are needed to explain the
properties in the various magnetic phases. This leads to the prediction of lower more

comrecl T, values, and can explain the high resistivity and large CMR effect in

manganites.

Roder et al. [74] incorporated Jahn-Teller {electron-phonon) coupling into the double
exchange model and suggested that Lhe e, charge cammier becomes self trapped 4s
iocalized lattice distori:ons with a spin polanzation around the position of charge carrier,
having & colierence length of the order of five Mn sites. These quasi-self trapped small
polaron can therefore be called magnetoelastic polaron, since they are associated with
spin clusters and essentially form melallic islands in a paramapnetic lattice. Ample
experimental evidence regarding the existence of magnetic polaron has been reported. It
has been demonstrated by neutron diffraction that for both perovskite [75] and layered
manganites [76], 2 volume reduction and relaxation of lattice is observed as, the
temperature decreases below T This is due to change in the Mn-O bonds and indicates
the existence of localized e, electrons above T. which becomes delocalized in Lhe

ferromagnetic phase.
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2.5.5. Ordering Phenomenon
A fascipating phenomenon of charge ordering (CO} is found to occur in various

transition mretal oxides (TMO) wherein electron becomes localized due to ordering of
cations of different charges (oxidation states) on specific [altice sites. Such ordering
generally localizes lhe electrons in the material, rendering it insulating or
semiconducting. This phenomenon of CO is well known in FeaO4 which undergoes a
disorder-order transilion accompanied hy 8 resistvity anomaly, popularly known as
Verwey transition, at 120K [77,78]. CO has been found to occur in 2 few other TMO as
well but the evidence of CO in doped rare earth mengamtes is overwhelming dug to the
discovery of Colossal Magnetoresistance and other interesting properties. The first
evidence of CO in these rare carth doped mangenites was chserved by Wollan and
Koehler [49] in their classic study through neutron diffraction and later examined by

Jitak et af [79].

The peneral tendency of charge camier localization and ordering in doped Mott insulalors
is paritcularly strong In doped manganites, due to the relatively enhanced carrier-lattice
coupling, In addition, there exists orbital degree of freedom of he eg electrons in Mn®”
jons. This orbilal ordering can lower Lhe electronic ¢nergy through the Jahn-Teller
mechanism. Therefore, there exists orbital ordering (OX0), in addition to charge ordering
in mixed wvalent manganites. The frst direct evidence of charge ordering in
Lag sCapsMnO: (T, = 220K} was provided by electron diffraction studies reported by
Chen and Cheong [80].

Radaeili ef al. [81] reported 2 detailed synchroiron X-ray and neutron diffraction
investigalions of 50% Ca doped LaMnOj;. They observed weak salellites rellection in X-
ray diffraction pattern which wes consistent with that of Chen and Cheong In
La;nCazsMnO;, there are twice as many Mn** {3(13} ions as the Mn3+(3d4} ions, and ihe
ordering of diagonal rows of Mn'" and Mn®™ ions plus the orientational ordering of the

d;? orbilal in Mn** gives rise to the striped pattern.

Mori et af. [82] have reported a different pattern of charge localization in he charge-
ordered phase of La;.,Ca,Mn0O; {x>0.5) employing transmission electron microscepy at
S95K. They observed extremely stable pairs of M 0¢ oclahedra, with associated large
lattice conlraction (due to the Jahn-Teller effect), separeted periodically by siripes of
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non-distorted Mn**Og octahedra. These periodicities, which adopt integer values between
2 and 5 times the latice parameter of the orthorhombic unit cell, corresponds 10 the
commensurate casrier concentretions of x=1/2, 2/3, 3/4 and 4/5; for other values of x, the
patiern of charge ordering is a mixture of the two adjacent commensurale configuration
These paired Jatm-Teller stripes appear Lherefore o be the fundamenial building blocks
of Lhe charge-ordered state in Lhe manganites.

Recently, Loudon et af. [83) have observed charge ordering (CO) to ferromagnetic {FM)
phase in LagsCag sMnO; employing Lorentz electron microscopy at 90K. They observed
an inhomogeneous mixture of ferromagnetic and aniiferromagneiic regions which extend
for several micrometers, and can span several crystallographic graing. Loudon et al. have
suggested that CO occurs not only in regions with no net magnetization, but can also
occur in ferrommagnetic regions this is consistent with the similar coexistence in
Lag 25Pry 375Cag 37sMn0; as observed by Mori er al. Very recently G. Van, Tendeloo ef ai.
[84] have extensively reviewed Lhe stucture and microstructural aspects of colossal

magmetoresislive materials with special reference to charge ordening.

2.5.6. Phase Separation {P'5) Scenario
The physics of solids with strongly correlated electrons such as transition melal oxides

(TMO) and rclated compounds eppears lo be dominared by states thal are
microscopically and inirinsically inhomogeneous in the most interesling range of
temperatures and charge carrier densities. The most relevant exampies are the cuprales at
the hole densities in Lhe underdoped region and the manganites in the regime of Cojosssl
Magnetoresistance. In cuprates the competttion occurs between antiferromagnelic
insulating and superconducting or metallic phases. On Lhe other hand in manganites the
inhomogeneities arise from phase competition between ferromagnelic metallic and
charge ordered insulating phases. These microscopic and innnsic inhomogeneities lead
to phase separation {(PS) in nanganites [83,84]. [ndeed, the existence of phasé separation
was envisioned by Nagaev [85] 1n an antiferromagnetic semiconductor where the doping
of elecirons is expected Lo creale ferromagnetic phase embedded in antiferromagnetic
matrix. Nagaev remarked that if the two phases have oppesite charge, the coulomb forces
wouli] break the macroscopic clusters into microscopic one, typically of nanometer scale

size. Percolative transport has been considered to resull from the coexistence of
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ferromagnetic melallic and insulating phases. The tendency of PS is entirely reversible,
and is generally the result of a competiGon between charge localization and de-
localization, the two situations being associated with contrasting electronic and magnetic
Properties. 'Ihcs.n.;, intrinsically inhomogeneous states are more pronounced and
universally accepted for manganites, These phase-separated states give rise to novel
¢lectronic and magnetic properiies with CMR. in doped perovskite manganites,

The hrst evidence of phase separation in mangamies was given in the pioneer neutron
diffraction study of La,.,Ca,Mn0;, by Wollan and Kochler [32] in 1955. They reported
the coexistence of ferromagnetic and A-type antiferromagnetic reflections in non-
stiochiometric LaMnQ; (14, 18 and 20% Mn'™")} and in LeggCagiMnOs. The most
importartt results tha! have convincingly shown the presence of coexisting clusiers of
metallic and insulating phases in the CME, regime of manganites was obtained by Uehera
et al. [86] in Lheir study of LasyPrYCaigMnO; using transport, magnetic and ¢lectron
microscopy techniques. They observed an enormous low temperature resisiivity io spite
of the fact that p/8T >0 suggests melallic behavior. By itself this shows that a
homogenous picture of manganites wil! likely fail, since only a percolative state can
produce such large but metallic resistivity, The magnetoresisiance is large and increases
rapidly as T, is reduced.

Another remarkable evidence of mixed ph:.a.ac tendencies in Lag7CapaMn(y single
crystals and thin films has been given by Fath e &f. [87] employing scanning tunneling
spectroscopy (STS). Below Te, phase separation was cobserved where inhomogenous
clusters of metallic and insulating phases coexist. Very recently D). D. Sarma ef al. [88]
observed Lhe formation of distinet electronic domans by direct spatially resolved

speclroscopy.

In short we can say that the instability towards phase separation and Lhe formation of
inhomogeneous states or competing phases, e.g. CO/AF and FM, Is an intrinsic property
of doped perovskite manganites. The existence of these performed clusiers
(inhomogeneous state or competing phase of CO/AF and FM) and Lheir easy alignment
with tnodest magnetic fields leads to Colossal Magnetoresistance.,
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2.5.7. Phase diagram and resistivity: ‘

Phase diagram of doped perovskite manganites are exceptionally rich with different
magnetic as well as structural phases. The phase diagrams that bave been established so
far for different compounds e.g. La,,Ca,Mn(4, La, Ba,MnQ;, La, . Sr,Mn05 etc. are
constructed from detailed measuremenls of macroscopic physical quantities such as
resistivity, susceplibility and magnetization on single crysial and bulk ceramic samples.
Even though the phase diagram of each composttion is different due to the variation in
sizes of different atoms involved but they have some common features. La; Ca MnO; is
a good candidate material for basic understanding and hence its phase diagram has been
described in detail. CMR manganites are oxides ef the type RE;x AE;Mn(s, where R
denotes a rare earth and A is a divelend, ofien alkaline earih element.

Much interest has been devoted to the CMR manganites, since lhese displays a

diversified phase diagram.
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Figure 2.16. Phase diagram of temperature versus tolerance factor for Ay 1A% o3z MnD;, where A
is a trivalent ion and A® a divalent ion. Open symbols dencte Tp determined by magnetization
measurements and closed symbols denote Te determined by resistivity measurements. All dala

were laken while warming.
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In fgure 2.16 a1 low temperature the resistivity is metallic , rising sharply while going
through the ferromagnelic transition and showing semiconducling bebavior in the
paramagnetic phase in the case of Ca doping , whereas the resistivity in the case of Sr
doping remains metallic above the Curie temperature .accordingly , the ferromagnelic
transition in this c¢ase compound is accompanied by a metal- insulalor transition as
evidence by the resistivity rise and the negalive temperature coefficient of the resistivity

in most compounds above T, .

2.6. Magnetic-based device

Recent progress in oxide pervvskiles thin film technology has led to Lthe discovery of a2
large negative magnetoresistance at room temperature which open up new avenues for
applications in diverse area of technology such as magnetic random access memories and
reads heads for hard disc drives. Based on lhe properties of manganites, a number of

device approaches are being explored, some of which are discussed here hriefly.

{1) Magnetic field sensors (a) using the CMR effect in a film, (b) using a spin
valve structure and (¢} as a microwave CMR sensors. The indusiral
requiremnents for 8 magnelic sensor are operation at rooin temperatmre and up
to 400 X, at least 2 20% MR at a lield 10 mT applicd field, temperature
dependent CMR values over 350 + 50 X and acceplable noise values. The
current thinking is that oxide-based CMR sensors will have maximum impact

only on memory systems approaching densities of 100 GB cm™.

(1}  Electric held effect devices (a) using a S5rTi0; gate and (b) using a
fermoelectrie gate. Field effect transistors (FET) based on CMR channels show
same interesting characteristics depending on the dielectric layer on top as o
whelher it is a paraeleciric layer such as STO, or a ferroelectrie layer such as
PZT. The advantage of these devices unlike conventional NVRAM would be
that the reading of the state of the memory would be direct since the

resistance is considerably different.
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(i) Low lemperature hybnd HTSCMR devices: As the properties of CMR
matcrials are quite speclacutar at reduced temperatures, i.e., below 100K
there may some advantages 1o integrating them with 57T devices.

{iv) Room Temperature Bolometric Infrared (fR) Sensors: Due to the advance in
thermoelectric cooling, materials with high thermal nonlinearities in the
temperature range of 250 to 300 X are potennal candidates for bolomelne

Sers0rs.
40 Y Y ' T r
1500 &
30 | _100% £ B
) *®
&= 5004 P ]
=) - © o
Saf TR T 3t 5
g. T . [ 3
7 10} % I
) o §
HJ - 0

150 200 250
Temperatore (K)

Figure 2.17: Optical response of a film of LCMO (closed circles) in comparison with the

TCR {open circles). The curve is shown in the inset.

The commercial bolometers based on VO, used now a days use temperature coellicient
of resistance of resistance (TCR) values around 2.5% to 4%. In comparison TCR values

ranging from 8% to 18% are possible in the LCMO manganites over the same

temperature range (Rgure. 2.17).
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Chapter 3 | -

Sample Preparation and Experimental Setup

In this chapter, experimental methods of sample preparation and characterization
techniques are discussed. A briel description of the apparatus, used in the measuremerrs
also given. Basic techniques of sample preparation and experimental technique are
disclosed in this chapter.

3.1 Preparation of the samples:

Samples can be prepared mainly using any ef the following method:
1. Solid state reaction method.

2. Solution methed.

3. Meit- quenched or glass ceramic method.

4. Thin film method.

3.1.1 Solid State reaction method

Tn solid state reaction method appropriate amounls of two or more chemicals are
carefully grind together and mixed thoroughly in a monar and pestie or ball mills.
Grinded powders are then calcined in air or oxygen at a lemperature above 750 °C for
several hours. This process is continued for several limes until the mixture is converted
into the correct cryslalline phase. This calcined material are then grinded to fine powders
and pelletized in a hydraulic press followed by sintering at different temperature below

the melting point of the materials in air or any controlled atmosphere.

3.1.2. Solution method
In this method appropriate amount of solid chemicals are af first disselved in nitric acid.

This sciution is then dried and then followed by calcipation and sintering realments.
Sonie limes water soluble materjals such as mitrates are used for synthesizing
superconducting ceramic materials. The nirrates are dissolved in water and then dried

and calcined in a way similar to the solid state reaction method.

3.1.3 Melt-quenched or glass ceramic method:
In this method appropriate amounts of mixed powder are taken in oxide or carbonate
crucible and ¢alcined for one Lo two hours below the melting point of the material. After
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calcination the powders are melted at few hundred-degree Celsius above the melling
temperature and held there for a couple of hours, Thc meles are then poured inlo a cold
iron or brass plate and pressed quickly by another plate to 1 to 2 mm thick sheets. The
glasses thus obtained are then annealed at suilable temperature for different periods of
lime in air or in any controlied atmosphere.

3.1.4 Thin film method

Thin films of superconducting materials have been very successfully fabricated using the
procedure like, Evaporation, Sputtering, lon Beam sputlering, Laser Evaporation etc.
Evaporation is conceplually the simplest of all the deposition iechniques, In practice,
however, some of the most sophisticated apparatus arc used to evaporale epilaxial films
of materials under very controlled condilions and these systems are more accurately
called molecular electron beam epitaxy system (MBEEBE). The technique involved
utilizes a vacunm system 1o remove most of the contaminaling gases from the deposition
chamber. Typical pressures that arc obtained in simple evaporations are in the 107 torr
range unti! the MEB\EBE system requires pressures of less than 107 torr. The elements
_or cornpounds to bec evaporated arc heated in crucibles by either resistive heating
elemenis or by elecron bcam healing. Typical evaporalions have more than one
evaporation source, and it is possible to obtain sys::ems with as many as six independent
_sources, The high temperature produced in these sources cause the vapor pressure of the
evaporation rise to & level at which a significant amount of these materials can be
collected on a substrate that is located oz a dirl:clt optical path from the evaporate. The
substrate can typically be at a varlety of temperatures, ranging from 77 K to
approximately 1300 K depending on the required microstructure of the final film. The
substrate materials are sapphires Al;(4, MpO, silicon etc.

3.2.1 Procedure for the preparation of the present samples

For the present investigation, Polycryslaliine Smpies of Lag s CapndVng, CryOhpg {(x =
0.3; ¥ = 0.075, 0.15, 0.3; n =2, 3) were synihesized using the conventional solid state
reaction method. Raw malerials La; (% (59.99%), CaCO; (99.99%), CrnO5 (99.99%) and
MnCOs (99.99%) were mixed in stoichiometric armount. The chemicals were weighed
out separately using ap electronic Iigital apalylical balance {measuring range 0.0001-
210g), weight being shown by LED display and then well mixed and grind in a ceramic
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mertar using a pestle for 6 to 8 hours in dry and acetone media- The grayish powder thus
obtained in the mortar was scraped from itg wall and was poured ino alumina crucible.
Crucible was previously washed with nitric acid, distilled water, then with acetone. The
crucibles with the powder then placed in the fumace for calcinations purpose.

323 Calcination schedule

The grinded powders were calcined ir air or in oxygen a1 a temperature 1373 K (1100°
() to remove the unwanted oxides present in the chemicals. The tenperature controller
was set at 1100°C for 5 hours. After 8 hours it was cocled to room iemperathire (Furnace
cooling}. When room temperature was aitained, the chunk was regrinded and reheated

until the mixture is converied into the correct cryslalline phase. The above procedure was

repeated further for two times.

3.2.4 Peliets:
Calcined powders are shining black powders. These calcined powders were grinded

apain to fine powders end pressed imto pellets of 12 mm diameter and 1-2 mm thick
under a pressure of 6000 PSI for about 1 1o 2 minutes using hydraulic pressure machine.

3.2.5 Sintering and oxidation:

The pellet formed inside the mould had a shiny black surface. It was again placed in a
boat and inserted o the furnace for sintering and oxidation. Sintering was done at
1573K (1300°C) in air for ! hour. The temperature amp was 10°C/minute for both

cooling and heating. The pellets were then ready for measurements.

3.3 Methodology

The DC electrical resistivity for various polycrysialline samples were measured from
room temperature down to hquid nitrogen temperature uvsing standard four-probe
method. The temperature dependence of normalized resistivity, p(TYp(RT) at zero
applied magnetic field for vanous polyerystalline samples and the corresponding
behaviour in presence of 0.7 T applied mapnetic field have been laken.
Magnetoresisiance measurements were carried out in a magnetic field of around 0.7

Tesla in the temperature range 78 X 1o 300 K.
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3.4 Apparatus msed for the present investigation

3.4.1 Description of Liquid Nitrogen Cryosiat

A liquid nitrogen <ryostat is designed for the purpose of low temperature magmeto-
transpori measurements. It is made up of nonmagnetic concentric stainless sieel mbes. It
consists of two perts (upper part and lower parl) and each part consists of three
caoncentric tubes of Lhree different dimensions. The outer diameter of Lhe upper parl of
the cryostat is 7.6 cm and inner diameter is 3.2 ¢m. The outer diameter for Jower part is
3.8 cm and inner diameler is 3.2 cm. It hes lhree chambers as shown in Figure 3.1, Outer
chamber is called vacuum chamber the middle one is cryogen (liquid nitrogen) chamber
and the innermost chamber is semple space. Thickness of the wall of each chamber is
about 0.2 cm. In the top of the second chamber there are two small pipes connected over
the stainless steel plate of upper part of the cryostal, one for inlet of liquid nilrogen and
the other for outlet of nitrogen gas. The lower part (20 ¢cm long and 3.8 em diameter) of
the cryostat is shorler and narrower compared to the upper part (85 cm long and 7.6 ¢cm
diameter). Tt i3 made in such & way that the lower pant of the ¢ryostat can easily move
between the pole pieces of Lhe home made electromagret. A siainless steel plate connects
lhe lower part and upper part. The iop of the upper parl is sealed by another stainless
steel plate. In the innermost chamber (sample space) lhere is a sample rod which is made
up of stainless steel tube and a flat copper bar. The diar;'le'ler of the sample rod is chosen
in such 2 manner that it can easily move through the sample space. The top of the sample
rod and innermost tubes are air tighi connected wilth a union socket. A Lthermocouple is
used for the measurement of temperature of the s.am;plm It was obscrved lhat if the
cryostat is filled with liquid nitrogeu than it lakes about 150 minutes to warm up to room

temperature.
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Figure 3.1; Schematic diagram of the liquid nirogen cryoestat

3.4.2 Description of Electromagnet

To study magneto-transport properties of manganese perovskites the clectromagnet used
is shown in Figure 3.2. Materials play an important role for designing an electromagnet.
Normally soft iron with a very low coercive field and low hysteresis is used for the
magnet pole pieces. Commercial mild steel bar is used for the body of the electromagnet
and sofi iron cylindrical rod for pole pieces, which are available in the local market
{Dhaka, Bangladesh}.
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Figure 3.2: Schematic diagrmm of the Elcciromagnet.

The major parts of the eleciromagnets are base, pole piece holder, pole pieces and coils.
Base of the eleciromagnet is made up of a parallelepiped shaped mild steel bar of
dimension 36 cm x 19 ¢m x 8 em. Pole piece heolder of the eleciromagnet is also made
from commercial mild steel bar. Two pole piece holders are attached io both side of (he
base with L type bolt. Each pole piece holder is a parallelepiped of dimension 32 cmx19
emx8 cm. Pole pieces (cylindrical sofi iron of final diameter 9.2 cm) are attached in
these holders in such a way so that we can vary the pole gap. The Pole gap may vary
from 0-10 cm. As the lower part of our cryostat has outer dimension 3.8 em, pole gap of

this size will be suitable for the magnet operation.
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Figure 3.3: Calibration curve of the electromagnet.

Two induction coils for wo pole-pieces have been made with insulated copper wire of
No. 8. W. G 14. The length of each of the coils is 12 cm. The number of hums in each
layer of Lhe coil i3 58 and total number of layers is 44. So the lolal number of turms is
2552, The resistance of Each coil is about 8 1. The weight of each coil is about 40 Kg.
Two coils are set i the pole pieces of Lhe electromagnet, They are connecied in parailel
combination with the de power supply. Calibration curve of the eleciomagnet is given in

Figure 3.3.

3.4.3 Description of the sampie rod

A sample rod is used for four-point resistance measurement. This is a hollow srainless
steel mbe. The upper part is connected with multi-pin connectors and lower part has a
copper sample holder as shown in figure. The sample rod is connected with the cryostat
by a union sockel. & schermatic diagram of the sample rod is shown in figure 3.4. This
sample probe is used for [our point resistance measurements. The temperature of the

sarmple was measured using a thermocouple.
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Figure 3.4: Schematic diagram of the sampie holder.

3.5 Magmnetoresistance Measurement Sctup

Magnetoresistance measurements were cairied out using the homely made cryostat and

an eleciromagnet. Figure 3.5 shows the schematic diagram of the Magnetoresisiance

measurement.
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Figure 3.85: Schematic diagram of Magnet and Cryostat Assembly for Magnetaresistance

Measurements.

The standard four point technique was used for resistance measurements. All samples for
test are mounted on 2 probe and inserted in the sample well of the cryostat. The
temperature i;f the sample is measured with a thermocouple placed close to Lhe sample,
A micro voluneler was placed with the (hermocouple to measure Lhe voltage related to
the temperamre. The sample current is sourced with a constant current source and
voltage drop is measure with micro volimeter. For magnetoresislance measurements, the
electromagnet is powered with a power supply. The system is capable of crealing a field
up to 0.86 T for a current of 18 A,
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3.6 Lattice Planes and Bragg’s Law

The peaks in an X-ray diffraction pattern are directly related to the atomic distance.
Let us consider an incident X-ray beam interacting with the atoms arranged in a periodic
manner as shown in figure 3.6. The atoms, represented as black sphere s in the graph,
can be viewed as forming different sets of planes in the crystal (lines in graph on (a)}.

!
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Figure 3.6; Bragg's law of diffraction {a) DifTerent forms of lattice planes, (b) different from

atoms.

For a given set of lattice plane with an inter- planner distance of d, the condition for 2
diffraction io occur can be simply writlen as lattice

2dy 5in6 = i
which is known as Bragg's law. Where, & is Lhe wavelength of the X-ray 6 is the

scatlering angle and n is an inleger representing the order of the diffraction peak.

3.7 The van der pauw method

The van der pauw [1,2) methed is based on four point probe measurement. This
technique 15 use for the rcsis{ivitf and Hall effect measurement. In essence it provides an
easy way to measure sheet resistivity, Hall vollage and Hall mobility. The van der pauw
technique ¢an be used on thin sample of material and Lhe 4 conlacts can be placed
nnywhere oo the perimeter/boundary, provided certain conditions are met as given

below:

(i) The contacls should be on Lhe circumference of the sample.
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(ii)} The coniacts should be sufficiently small (as close as possible).

(1ii) The sample is to be homopeneous and thin relative {o the olher dimensions
(iv)The surface of the sample is to be singly connecled, i.e, the ssmple does not
have isolated holes.

Figure 3.7 shows the four contacts on Lhe circum ference of the disc shaped sample. For 2
fixed temperature, we define resistance Rap cp Bs the poteotial difference YoV
between the conlacts I and C per vnif current [4p through the contacis A and B, The
current enters in the sample through he contact A and leaves it through B.

Figare 3.7: The four electrical contacis on the circumference of the disc shaped sample.

(3.

Analogously we define,
— V; - V.r.}

L

32)

RﬂC,DA

VYan der Pauw method is based on the theorem that between Ragcp and Rpepy there

exists the simple relation:

exi:{—ERm;DJ+exlz{—-m—iﬂﬂcmjzl {3.3)
2 r

Wherte d is the thickness of the uniform disc shaped sample and p is the resistivity of the
material. If d and the resistances Rapcp and Rpcopa are Known, then in Eq. 3.3, p is the

only unknown quantity.

&



In the peneral case, it is not possible 1o express p explicitly in known Rmctions. The

solutioms can, however, be written in the form

= (R +K,- R
p{T}z = ( AB CTY . It }'{ RAB.{:.D ] {3_4}
BT, 4

where f is a Rmction only of the ratio RAB_cpa’Ra;; pa only and satisfies the relalion

R iR -1
cushl ( ABLD DA ) x In 2} = 1 exp In2 {3.5)
{RAB,CD ! Ry e ) +1 f 2 f

Assuming Rasco’ Recns = Q. Eq.3.5 becomes,

Q"1=megh{“p{lny-{}} G.6)
0+1 In2 2

A plot ol this fonction is shown in [igure 3.8.
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Figure 3.8: The function ffQ) for determining the resistivity of the sample.
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In practice the electrical contacts have finite dimensions. van der Parw showed (hat if
one of the contacts is of fAnite length 7 and is essumed that it lies along the circumference
of the sample of diameter D then

2
-1
‘ﬁ_*’z_.z_, (3.7)
£ 14D%In2

Also, if all contacts have similar defacts the errors introduced are additive. Our sintered
disc shaped sample has a diamefer ~1!mm and if we assume the maximum width
dimensicms of the conlacts are 1 mm then the errors introduced im0 our measurement
due to {inite sized contacls will be 0.3%4. I[n fact, we have used 50 um silver wire and

conductive silver paint for the contacts which are much smaller than 1 mm.
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CHAPTER 4

Resaits and Discussion
The magnetoresistive properties of the polycrysialline bolk  samples
Lag 0.Cay Mg CryOzpey (X = 0.3; ¥ = 0.075, 0.15, 0.3; n =2, 3) were studied. The DC
electrical resistance measurements were measured from room temperature down to liguid
nitrogen temperature both in zevo field and in an applied magnetic field of 0.7 T,
Magnetoresistance (MR) measurements were carried out and the MR behayviour was
discussed as a function of mapnetic field both at room temperature and at liquid nilrogen

temperature. Activation energies for these polycrystaliine samples were also calculated.

41  X-ray diffraction analysis

X-ray diffraction analysis was performed by powder X-ray diffraction (XRD) using
Cu K, radiation (A = 1.541 A) and Phillips (PW3049) X’ Pert PRO X-ray diffractometer.
The diffraction study indicated that the crysial structure of the bulk samples were of
single phases with tetragonal perovskite siructure having the lattice parameters a~0.3866
nm and c=1.8675 nm. Figure 4.1 shows the X-ray diffraction pattern for various sample | °
LﬂnmCﬂ.1+uMﬂn.yCl'!,r03n+=] (x = 0.3; ¥y = 0.075, 015, 0.3; n =2, 3). Table 4.1 shows the
comparative peak positic;n (in angle) observed for the samples. The peaks in an X-ray
diffraction pattern are directly related to the atomic distance. From the peaks in an X-ray -

diffraction pattern the inter- planner distance dpy is measurcd using Bragg’s law
s SING = 0, (L

Where, 4 is the wavelength of the X-ray and 6 is Lhe scatiering angle of the difTraction
peak. Froin the X-ray diffraction patiems it was seen that all the samples showed the
identical peak positions which confirmed the single-phase struciure and homogeneity in

chemical composition of the samples. Table 4.2 shows Lhe lattice parameters for various

samples.
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Figure 4.1; X-ray Dillraction parerns of pelycrysialline bulk samples.
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Tablk 4.1: X-ray diffraction peak positions for various polyerystalline samples

Sample compositions | X-ray diffraction peak positions 20(degree)

T (20 [37 [4° 5" [68 [T [8F [9%

La) Ca)gMiy opsCraors07 |23 | 3271384 | 403 | 44.6 | 465 ) 583 |1 65 68.6

LaCa; ey psCrp s |23 [ 327 (385404 | 44.7 | 46.9 | 58.4 1 £5.1 | 68.6

Lay 4CaysMny Cros04 23 [ 327|384 (404 [ 44.7 1 469 | 583 68.6

La; (CaoMmonsCroomsOho [ 23 | 326 1 38,4 | 40.3 | 44,7 | 46.9 | 58.3 [ 65.1 | 685

La; (Ca oMy asCronsOw |23 | 3271384 | 404 14461 469 ] 584 | 05 o8.5

Laz,Cay sMny 70301 2291328 | 38.6 1404 | 447 | 47 | 58.6{65.1 | 68.7

Table 42: Lanice parameters for various polyerystalline sampies

Sample compositions a {nm) ¢ {nm)

Lay 4Ca) sMn; 925Crg o750 0.3869%4 1,873921
La, JCa; gMry gaCry 90 0.386856¢ - 1.868544
La, Ca, Mn; 7(rp 50, {.386880 i.87232]
L8, 1Cay oMng 525Cro 075Che 0386961 1.871784
Laz ,Cay oMnz ¢:Cry 3 50h0 0.387436 171784
Lay Ca, oMy 2Cra ;010 386364 1.865568
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42 DL electrical resistivity

The normalized DC electrical resistivity for samples Lag mCay Mg yCryOan (x = 0.3;
v =0.075, 0.15, 0.3; n =2, 3) was measured by the standard four-point probe from room
temperature down to liquid nitrogen temperature. The electrical resistivity was measured
both in zero mapnetic fictd and in presence of applied magnetic field (0.7 T). The applied
magnetic field was perpendicular to the current flow in the sample.

The wemperature dependence of normalized elecmical resistivity of the Cr doped
La, 4Ca ghin,,Cr+ double layered perovikite manganites with different concentrations
¥ =0.075, 0.15 and 0.3 at zero magnelic field and at the presence of 0.7 T magnetic field

are shown in Figure 4.2.

1 —o—1a Co Mn _Cr o

. Lo T
—0—La, Ca, Mo, 5 O,
——La Ca M= Cr

BTTITY

ﬂ A ™ Il n i L
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Teomperahare {K} Temperamre {K) )

Figore 4.2: Normalized Resisiiviry as a funclion of temperature for La, 4Ca, (Cr,Mn ,O; with
y=0.075,0.15and 0.3 at 0 T and 0.7 T megnetic field.

From Figure 422 it is evident that, for all samples resistivity first increases with the
decrease in temperature, and then exhibits peak around the metal-insulater (M-I)
transition temperature denoted by T,. For 7>, resistivity decreeses with Lhe increase of
iemperature. Concentrating on the behaviour of temperature dependent resistivity curve,
it is noted that dp AdT<0 for T >, which is a characteristic of insulating behaviour. But

for T<T,, the sample showed melallic character with dp /dT>0. It is also cbserved from
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Figure 42, as Cr concentration increases, resistivity also increases but 7, decreases, The
M-1 transition temperatures (1) defined by the lemperature of the resistivity maximum
are listed in lable 4.3, At the presence of 0.7 T magnetic field it is also seen that all the
samples show a metal Insuiator ransition wilh a peak in the clectrical resistivity when
the lemperature is decreased from room temperature, But the value of resistivity, in

presence of magnetic field, decreases and the peak temperature T, shifts towards the high

temperature region.

Figure 4.3 shows the vanation of normalized resistivity as a function of temperature for
triple layered peroyskite samples Laz 1Ca, oMny ,Cry0p with y= 0.075, 0.15 and 0.3 both
at an applied magnetic field of 0T and 0.7T, respectively.

.”‘F‘—u—u Ca Cr 0
41 l'mlm oA D

1.0F _D_uucawunuscrmsﬂm
—f— 1, Ca_Mn_Cr. O

F aF 1o

100 200 30 10 200 300
Temperare [(K) Temperature (K}

Figure 4.} Normalized Resistivity as a function of temperature for
Lag,1Cay 5Cr, Mn3., O with y= 0,075, 0.15 and 0.3 at 0 T and 0.7 T magnetic fizld.

" All the samples of La; (Ca; ¢Cr Mns O showed a metal insulator transition with a peak
in the electrical resistivity around M-I transition temperature, T}, like the previous double
layered samples. Here also seen that with the increases of doping concentration the

resistivity increases but M-! transition lemperature, T, decreases. The value of resistivity

L
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of the wiple [ayered perovskite samples is lower than that of double layered samples,
where the transition temperature shifts loward higher value for miple [ayer samples

{Table 4.3).

The comparative study of wmperature dependence of the normalized resistivity for
various samples Lag wmCa s, OryOup; (x=0.3, ¥=0.075), Lag 5CayimMng, Cry O
{(x=0.3, y=0.15) and Loy Coy+nxMna yCryOaety (x=0.3, y=0.3) for the values of n=2 and 3
both at 0 T and 0.7 T megnetic field are shown in figure 4.4, 4.5, 4.6 respectively, For all
the samples it is observed that with the decreasing of MnOx layer from 3 to 2 the T,
values decreases and Lhe resistivity increases. This indicates that the mansport and

magnetic properties are sensitively dependent on the number of Mn(O: layers, n.

1 I-"E.Il‘:'l'l 'Imlﬂcrﬂfﬂﬁom

100 200 300 100 T 300
Temperamre (K}

Temperawre (K}

Figure 4.4: Normalized Resistivity as a function of temperature for
L2y a8 N, Cr, Oy, with x=0.3, y=0.075 both at the mapmetic field 0T and 0.7T.
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Figure 4,5: Mormalized Resistivity as a functon of temperature for
La, o Ca oM, Cr,Cu with x=03, y=0.15 both at the magnetic field 0T and 0.7T.
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Figure 4.6: Normalized Resistiviry as a function of temperature for
Loy o Ca rpMne O, Ok with x0.3, y=0.3 both at the magnetic field 0T and 0.77.
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Table: 4.3 Transition temperaiure, T, and normelized resistivity at the magnetic field 0T

and 0.7T.
Sample compositions T,a0T | 7,2107T]  ploo .
atdT at0,7 T
La, ,Ca; Moy sCrg oy 154 [57 249 257
La; (Comy gy 5xCrp 50 145 L52 327 320
La, (Ca oM, 7(ry50q 133 143 358 342
Las (T2, oM 524000 04O 17 190 1.93 1.66
La; ;Ca shing o5Crp 150hg 173 178 197 L.&7
Lag,Cay iz 1153015 164 170 231 222

In order to explain the transport properties of the LaMnO:-type system, electronic
structure of the doping clememt must play & crucial role. In the present study it is
observed that for all samples resistivity first increases with the decrease of temperature
and display maximum resistivity at a respective temperature, 7. Afier then resistivity
decreases with the decrease of temperature i.e. it exhibit paramagnetic phase above T
and ferromagnetic phase below T, The perent compound, LaMnQ;, is a paramagnetic
insutator (PM1) showing a phase transition to an anti-ferromagnetic (AFM) phase. With
the Lanthanide {Ln) site doping by the alkaline earth metal, the hole doped oxide
perovskites show the ferromagnetic metallic stale below the Curic temperature Tio. The
ferromagnetic metallic state in these compounds has been explained by the double
exchange theory, which considers the transfer of an elcctron between Mn”"-0-Mn**
ions [1]. As a result of strong Hund exchange coupling, the itinerant eg’ cleetrons (holes)
interact with the localized r;; electrems ($=3/2), and thus mediate ferromagmetic
ordering. In addition to the DL, a strong electron-phonon interaction giving rise to Jaho—
Teller (JT) splitting of the outer 4 level plays an imporant role in the transpon
mechanism, especially at temperatures near and above 7. One way to monitor the DE
interaction is by the substitution of divalent ions at the Lo sie, leading (o the variation of
the ratio Mn*"/Mn*" which might lead to the JT effect due to the change of 4 site ion
size. Another way is by doping of transition melal-ion at the Mn site, the center for the

DE mechanism, which directly influences the DE interaction and hence the transport and

mapmetic propertics.



In this investigation Cr is doped in Mn sites and these elements exist in the form of Cr”,
Mn™, and Mn*'. The preseni result in the DE framework sugpests that Cr™ must be
partly ferromagnetically coupled to the Mn®* and Mn* species. The electronic
configurations of these materials are Cr™: f0° (5=3/2), Mo™: 13,° ¢;' (5=2) and Mu*: 1
{$=3/2), among which only the e,’ electron of Mn™ is electronically active. The fonic
radii of Cr*™*, Mn™, and Mn** are 0.615, 0.645, 0.530 A, respectively. Due to the nearly
same ionic radius, the doped Cr ions replace Mn™" ions in the form of Cr'", Cr™ has the
same electronic configuration (fz°) as Mn"" and hence there should be FM double
exchange interaction between Mn®* and Cr** just as that between Mn*" and Mn** [2,3 1.
It is evident that the presence of Cr** in the Mn™—O— Mn"* neiwork increase of electron—
phonen interaction favoring the formation of polarons and hopping occurs between the
different valence states of Mn in the insulating phase [4]. The nature of the charge
carriers responsible for transport in such systems above T is localized. On the other
hand, in the low emperaure phase, where ordering of the carriers 1akes place in the Mn
network, favoring electron hopping from Mn** to Mn'*" sites leading to the FMM state
due to double exchange. Hence with Cr doping in the La—Ca—Mn—O sysiem, Mn* Mn*
rtio decreases (as Cr''acts as Mn*"). But it is also known that Cr'*— Mn** FMDE
interaction is smaller than that of Mno**— Mn*" [5]. Hence with Cr doping, the effective
FMDE inleraction becomes weaker, resulting In the gradual decrease of T, with
increasing Cr concentration. Also due to weaker DE interaction, the only electronically
active electron, eg’ electron of Mt ion, become localized [4,5] . causing the gradual

increase in resistivity with increasing concentration.

In this investigation, it is also observed that the value of resistivity in presence of
magnetic field (0.7 7) decreases but M-I transition temperature, T, shifls towards the
higher temperature region. Cr substifution may also favor che charge camier
delocalization induced by the magnetic field, which suppresses the resistivity. The
application of magnetic field enhances magnetic spin order and due to this orderidg, the
ferromagnetic melallic siale suppresses the paramagnetic insulating siate, which

ultimately shill 7, towards the higher temperature region.
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The data [isted in Table 4.3 indicale that the transport and magnetic properties are
r.-ensitivnly dependent on the number of MnO; layers, n. Tt is observed for each sample
that with Lhe decreasing of o values transition temperature T, decrease and the resistivity
increases. When & chapge from triple layered perovskites to double layered perovskiles,
there is a insertion of the insulating (La,Ca);0y layer into Lhe perovskite layer [6-8]. This
is expected to produce an anisotropic reduction of the ene-electron {£;) bandwidth, which
is the ecritical parameier governing the CMR and related properties in peroyskite
manganites. Theoretically, it is predicted that the e, bandwidth determires the transfer
interaction between neighboring Mn sites. Within the framework of & simple double
exchange theory, the exchange interaction is propartionally related to the transfer
interaction, and the ferromegnetic mansition is associated with the MI transition.
Thereforc, the MI and fermromagnetic transition lemperatwe is expected to be
proportional to the effective ¢, bandwidth (W). The reduction in # accompanied by a
reduction in # was also demonstrated in the magnitudes of the elecirical resistivities. The
increase in electrical resistivity p with decreasing » is attributed to a narrowing of the
one-electron bandwidth. This is expected from the basic concept of the double exchange
’rnn-d-:], both 7, and 2 refleet real charge motion determined by the mansfer interaction,

Ivia the one-electron bandwidih.

.4.3 Mapnetoresistance as a function of applied field
The magnewresistance as a function of magnetic field for samples
Lan mCapindMngy CryOsn (x = 0.3; ¥y =0.075,0.15, 03, n =2, 3} were calculated at mom
temperature {300 K} and at liquid nitrogen temperature (78 K}. Typical MR curves as a
function of magnetic field obtained at moom temperature are shown in figure 4.8. Room
temperature MR was observed to be very low (~ 1-2%) and almost limear with field. A
large value of MR is observed at 78 X in the presence of low applied magnetic field.
Hence it is clear that the degrees of spin polarization in these manganites are temperaturne

dependent and incrcases with decreasing temperature just like Ry A MnO; manganites.
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At low temperature (78 £) the strong linear field dependence of large MR exists for a
Tield of upto H' as shown in figure 4.9 & 4.10. The magnetic field H* designales the
boundary of the two'slopes. Beyond A* the magnetoresistance is a weak function of the
applied magnetic field. We observed about 14%-30% MR at H*= {.14T-02iT. About
26% MR is observed at H*= 155mT for double layered La;4Ca;¢Mngs1CropsOr
sample and with the increase of Cr doping the percentage of MR is decreased. For the
tripie layered La;;Ca) gMn;e:5Crp 0750 (g about 25% MR is observed at H¥= {51mT and
here alsc with the increase of Cr doping the percentage of MR is decreased. The tolal
magnetoresistance of the double layered sample La; 4Ca; s s25Cro o750y is 29% under
the application of 8§60 mT magnetic held whem the wple layerd
Laz 1 Ca) sMnag2sCroorsOne sample show 26% MR under the application of 860 mT
magnetic field. The value of MR and corresponding H* for each sample at the liquid
nifrogen temperature (V8 K are shown in Table 4.4, , Tt is observed from the able thal

with the increase of layer n, the percentage of MR is decreased.

MR (%)
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Figure 4.7: Magnetoresislance (ME) as a function of magmetic fizld at room lemperature for
various polyvcrystalline samples
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Figure 4.8: Magnetresistance (MR} a3 a function of magnetic field at 78 K lemperature for
various polycrystalline samples La, Ca; ;Cr.Minn O and Le;,Ca pCr,Mny O

Table 4.4: Table for #*, MR ai H* and maximum MR at 78 X for various polycrystalline

malerials

Samples H* MR% Meocimum
{raT) MR%
La, Oy oM ogyCrgorsOr 155 16 29
La, «Cay b0y g5000 1504 143 17 19
La, «Cay Moy 130y 141 14 15
] Laz Cay M 025CrogrsOie 151 25 26
e 1Cay oM 15570 15010 77 15 17
Las | Cay gMi; 206000 208 13 14
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The MR behaviour at room temperature for all samples found very low and iz almost
lincar with Neld. At 78 K, a sharp increase of magnetoresistance was observed at low
magnetic fields followed by a weak and linear dependence at high fields. The observed
iow temperature MR in these manganites can be attributed to grain and grain boundary
effects, proposed by Akhtet Hossain ef al[9]. According this model, the materials are
subdivided into domains end low applied ficld is quite sufficient Lo align Lhe domain
spins and thus a sharp decrease in MR is observed. But to align the misaligned spins at
the domain boundary region requires much larger field leading to weak field dependence.
At T =< Te the material is in the ferromagnetic regime. In the absence of the ficld the
magnetization of the prain of the polycrystalline material will be like that in fig. (a). The
individuzal spins at the grain boundary region are randomly oriented. In the absence of
the field, a carrier will sufTer scatering from the unalipned magmetic domain, as well as
disordered spin at the grein boundary region. By applying a low inegnetic ficld, the
magnetization of exch prain stars to align towards the direction of Lhe extenal magnetic
field as fig. (b). However, a large magmetic fieid is required to align the spins of the grain
boundaries. |

=0 Hoxt=H* H*
\ % g
4
7A s
@ : @ et @

Figure 4.9: Schemalic illustration of domain-boundary transport in & polyerystalline mixed-valence
manganite proposed by Alhier 1lossain ¢ 2f, [9]

The other possible explanation of low field MR effect in these manganites is that when
waveling across the grain boundary, conduction electrons may -bc subjected to g strong
spin-dependent scatiering. This scatlering Is reduced if a low cxternal magnetic field can
align the magnetizations of the neighboring grains. Spin alignment in the disordered

surface {ayers in between the grains gives rise to high-ficld magnetoresistance.



4.5 Activation energy . *

The activation energy which explain the insulating-like behaviour of resistivity st
temperature above 7, can be calculaled from the slopes of straight lines using the

refation

p= po cxp (Eo/KpT) (1)
where, Eg is the activation energy and Kg is the Bolizman constant.

In fig. 4.19 ln p/po is plotied as a function of /T for various divalent alkaline doped
samples at both without magnetic field and with magnetic field. The temperature region
is considered from transition temperature to room temperature. The values of activation
energies for difTerent samples are given in table 4.4.

From equation (4) the activation energy can be writien as:

Eo= [(In p/po)A(1/T)]Kp
=slope X Kg
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Figure 4.10: Inp/py is plotted against 1T for various polycrysazlline samples

Table: 4.4 Activation enengy (meY ) of the polycrystelline samples.

Samples Activation energy {meV) | Activation energy (meV)
{07} (0.7T)
Lay sCa; sMNy 525l o750y 21 15
La;.Ca, M0y 15CT0 1505 29 23
Lay 4Cay sMny 2Cr Ok 18 3z
Lax 1 Cay Mz seCrporie 16 13
Law | Ca gMitz 25Crg 15Ohp 1% 4
Laz yCay sMng 01 3000 20 24

All the sampies show very good linear behaviour in the In p/py vs /T curve, which

suggest that conduction occurs through a thermally activated process.
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Chapter-5

Conclusions
The magnetoresistive properties of Lhe polycrystalline samples Lay nCay Mg JCr 05041
fx=03;y=0,075, 0.E5, 0.3; n =2, 3) were investigated from room emperature down to
liquid nitrogen femperature using standard four-probe technique el en applied magnetic
field 0 T and 0.7 T. The strocture and phase purity of the samples were checked by
powder X-ray diffraction (XRD)} using Cu K, radiation by X-ray Diffractometer.

All the samples undergo a Lransition from an insulating to 2 metallic behaviour as the
temperature is decreased from room temperature, The fundamental mechanism leading to
the appearance of lransporl behaviour like metal-insulator transition in the present
investigated samples was explained within the framework of Zener double exchange

mechanism and Jahn-Teller latice distorlion.

Substitution of Cr in place of Mn created weaker Cr''— Mn™ ferromagnetic double
exchange (FMDE) interaction than that of Mn*— Mn**. Hence with Cr doping, the
eflective FMDE interaction becomes weaker, resulting in the gradual decrease of Tp wiih
increasing Cr concentration. Also due to weaker interection, the only electronically
active electron, eg’ electron of Mn™" jon, become localized, causing the gi:adual increase

i1 resistivity with increasing concentration.

The resistivity vs temperature praphs with applied field in the same samples show similar
behavior except the enhancement of M-I transition temperature by few Kelyin. This
would be due to the suppression of spin fluctuations with the applied field in the

paramagnetic region.

The MR behaviour al room temperature for all samples found very l;nw and is almost
linear with field. At 78 K, a sharp increase of mapnetoresistance was observed at low
magnetic fields followed by a weak and linear dependence at high fields. The observed
low temperature MR in these manganites can be attributed to grain‘and grain boundary

effects. The plot of In pfpo vs 1T suggest that conduction occurred through a thermally

activated process above the transition temperature.
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