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ABSTRACT

Magnetoresistive properties of (La;.Hoy) (Bai4Cay) MnyO; bulk polycrystaliine samples
sintered ai temperature 1100°C for 24 hours in air have been investigated from room
temperature down to liquid nitrogen temperature using standard four-probe technique.
The lemperature dependence of normatized resistivity for vanous polycrystalline samples
in zero magnetic Ticld and in a magnetic field of 0.7 Tesla were investigated. The
normalized  resistivity pTVYpRT) as a fnction of temperature for vanous
{La, Ho,) (Ba|,Ca,} Mn;0; polycrystalline samples were measured. X-ray diffraction
analysis indicates that the samples are homogeneous and single phase. All double layered
manganites show a metal-insulator (M-} trensinon at various lemperature. This variation
of M-! ransition in these matenals may be due to lattice distortion thatl occurs mainly for
substitution of different cations sizes. The M-I transinon temperature is increased only by
few Kelvin in presence of 0.7 T applied magnetic field. All samples show
magnetoresistance that vanes depending on composition. The transport properties above
the wransinon temperature suggest that conduction mechanism in these manganites is a

thermaily activated process.



Acknowledgements

{ ¢xpress sincere gratitude and (hankfulness to my supervisor Professor Dr. Monimul
Hugq, Departmert of Physics, Bangladesh University of Engineering & Technology
(BUET), Dhaka who gave me an oppoclunity to carmy out this research work under his
scholastic supervision. My gratefulness to Professor Huq for his continuous interest in

my work, for constant support, fruitful discussion and ideas.

I am also thankful to all the facuity members of the Departmem of Physics, BUET
specially Professor Dr. Md, Abu Hasan Bhuiyan, Professor Dr. Narma Zaman, Dr. Feroz
Alam Khan, Dr. Akiher Hossain, Dr. Md Mostak Hossaein, Dr. Nazrul Tslam and Mr,
Md. Refi Uddin for their encouragement and help during this work.

I express my deepest pratitude to Mohammed Abdul Basith, Lecturer, Department of
Physics, BUET for his kind suggestion and support to prepare the present manuscript and

also to analyze the experimental results of the disserarion.

Sincere thankfulness o my friend Shabuj for his help and computer facilities. T am also
thankful o other M.Phil students of BUET for their kind help. Thanks are alse due to
stafl members of the Physics departtnent of BUET for being incredibly supportive.
Thanks to Mr Yusuf Khan for being helpful to perform X-ray diffraction studies for

sample charactenization.

1 am indebted to all of my family members, father, molther, brother, sister and wife for

their loving support and inspiration throughout my whole life.



Abstracts

CONTENTS

Acknowledgements

List of Figures
List of Tables

List of Symbaols, Abbreviations and

Nomengclature
Chapter 1:
11
12
Chapter 2:
2.1
22

2.4

intrnduction

Objectives

Summary of the thesis
Literature Review
Intreduction

Matertais

2.2.1  Siruciure and elecironic spectrum
222 Lavercd compounds
Propedies of CMR materials
2.3.1 Intrinsic properhes
2.3.2 The paramagnetic phase

Transpor! properties

24.1 High temperature iransporn in perovskites-evidence

for polarons

2.4.2 High temperalure resistivity, thermopower

243 Low-temperature transpori-low-field

magnetoresistance

1ii

Pages

vi-viii

L~ - = - B = LR -

13
15
16
16
16

16
18



2.5
26
2.7
28
Chapter 3
3.1

32
33
34
35
36
37
38
39
3.10
3.1

Chapter 4
4.1
42

244 Low-temperature resistivity inlergrain transport,

Noise
Double Exchange Model
Jahn-Teller distortion
Resistivity and phase diagram
Mangamte-Based Device
Sample Preparation and Experimentml Techniques
Sample preparation
3 1.1 Solid state reaction method
3.12 Solution Method
3.1.3  Meit-quenched or Glass Ceramic Method
3.14 Thin film Method
Preparation of 1he Present Samples
Calcipations Schedule
Preparation of pellets
Sintering and oxidation of the pellets
Construction of Liguid Nittogen Cryostat
Construction of Eleclromagnet
Construction of the Sample Rod
Magnetoresistance Measurement set-up
The van der Pauw Technique
Magnetoresistance
Resulis and Discussions
X-ray diffraction analysis
DC Electrical Resistvity
421 D elecirical resistvity 0f Lay.zHo,BaMn; O,

4.2.2 DC elecmcal resistivity 0 La;Ba;.,Ca, MnyO4

v

21
22
23
24
32
32
32
32
32
33
33
34
34
34

36
39
41
43
46
47
47
49
49



4.3

4.4
Chapter §

51

52

4.2.3 DC electrical resistivity Of La; oHon | BaMn, (O, & 53
La; sHoy | Bag aCro:Mn;O5
4.24 DC electncal resisowty Of La) sHoo :Bavin.O; &
La, sHoy 2Bag 5Cag | Mna Oy 53
Magnetoresistance 57

4.3.1 Magnetoresistance of Yarious polycrystalline samples 57

Aclivation energy 6
Conclusions and Suggestions for Further Work 65
Conclusion 63

Suggestions for further work 60



Figure 2.1:
Figure 2.2:

Flrure 2.0

List of Figures

Perovakite strucrure of CaTiO, -8

Schematic struoctures of the Ruddelsden-Popper series of layered compounds. Here n
is the mumber of connected layers of vertex-sharing MnO, ocmhedra. For n=1 the
struciure is that of KaNiF, and n=2 is the bilayer struciure and n=oo is the distorted
perovskite, The room-temperamure lattice parameters are a=b=3.86 A" and ¢=12 48
A" forn=1a=b=387 A" and c=20.14 A" forn=2,a=545 A" forn=o¢ [25].—-%
Resishvity against Temperature for La, . 5r,Moy for various x values The arrows

denate the transidon as determiined by magnetization measurement [26]. —10

Figure 2.4: Top framas-magnetization egainst empereture for La 7sCap2:Mn0; for vanous field

Figure 1.5;

Figure 1.6:

values, Middle Fame resistivity against temperatue. The inset shows the low
temperarure resisavity compared to T (solid line) and T'° (dashed line}
behaviour. Bottom frame- magnetoresistance ageinst temperaure. Open symbols
refleal low-field behaviour and solid symbols reflect the high field behavicur [28].
w=11

Schematic T=0 density of siates for doped LaMnO,. The level diagram o the left
shows (he approximate positions of the 3d bands in undoped LaMnO, Fom [24]
The enerpy scale for LayaSriyMn0; is extracied from photoemission dats [25].
Comparison 15 made to N1 melal which possesses a mucli smaller degree of spin
polarizetion [47], —I13

Top temperature dependence of (he inverse magnetization at H=1T. Botiom in-
plane and wnier plane resisnvity at zere feld for the bilover matenial

L 2,51 12:Mnz 07 (x=0.3) single crystal [33]. ---15

Figure 2,7: The Seebeck coefTicient for La, ,CaMnD1- ; with varying Ca’* concemration The

Figure L5:

arrows indicale the magnetic ordening temperatre. {Reproduced form [45].) —18
Panels a, ¢ and e: the magnetic field deperdence of the normalized resistance a
varous lemrperatures from 5 to 280 K. Panels b, d and ' the magnetic field
dependence of the magnetization (normmalized to the 5T value) st vartous

temperatures from 3 o 280K (From Hwang et al. {47]} —20

vi



Figure 1.9
Figure 2,10k

Fipure 2.11:
Figurc 2.12:

Figure 3.1;
Figure 32:
Figure 33:
Figurc 3.4:

Figure 3.5:
Figure 3.6:
Figure 3.7;
Figure 3.8;
Figure 3.9:
Fipure 3.10:
Figure 4.1;
Figure 42:

Figure 43

Figure 4.4

Electron stales of the oumermost 34 enerygy leve] of the Mn" and Mn** ions -— 21
Typical resistivity versus temperature curves of Lan+CaiSr)uMnQ, single
crysials The anomaly m a temperature of 370 K for the y = 0.45 doping is due to
8 slructural transition from a low-temperatme orhorhombie o a high-
temperature rhombohedrat phase. --23

Phase diagram of La, St,Mi(0; 24

Optical response of a film of LCMO (closed circles) in comparisons with the TCR
{open ¢irgles), The R-T curve 15 shown m the st [67]. --25

Schematic dtagram of the liquid nitrogen cryostat ---36

Schematic diagram of the Eleciromagmet. ---37

Calibration of the home made elcctomagnet --38

Schematic diagram of Magnet and Cryostat Assembly for Magnetoresisiance
Measurements —39

Schematic diagram of the sample holder -0

Calibration curve of the temperature sensor (Lakeshore carhon (ilass resistor) -40
A Snapshot of the consrueed cryosiat —--41

Experimental set-up for magnetoresistinee measurements.--42

The four electrical contacts on the errcumberence of the dise shaped sample —43
The fimeton F{Q) for determining the resistivity of the sample{From ref 3])--45
X-ray diffraction paterns of various polyerysialline samples.  --48

The zero field normalized resistiviry as a function of temperature for various
LagHoBalvin:0; {where x=0,0,0.1,0.2) polycrystalline samples sintered at
1100°C in air ---50

The normelized resistivity with constant magnetic field 07T as a funceuon of
temperature for varous Lag Ho BaMn Oy (where x=00,0 1,0 2) polverystailine
samples sintered at 1100°C in ar —50

The zero field normalized resistivity as a finetion of lemperatire for varous
La;Ba,.,{8,Mnz0;{where y=0 0, 0.1, 0.2) polycrystaltine samples sintered at
1100°C m am, ~-32

vii



Figure 4.5:

Figurc 4.6;

Figure 4.7:

Figure 4.8:

Figure 4.9;

Figure 4.10;

Figure 4.11:

Figure 4,12;

Figure 4.13;

The nomalized resistvity with constant magnete held 07T as a function of
lemperatwre for various LagBag,Ca,Mn 0, (where y=00,01,02) polycrysialline
samples sintered at 1100°C in air. — 33

The zero feld normalized resistivity as a function of temperature for various
La, sHoy (BaMnyO, & La; sHoy (Bag oCay My Oy polyerysiallme samples smtered
at 1100°C i air. -— 54
The zero leld normalized resistvity as a funchon of temperatre for vanous
La; Hog BaMn;0O; & La; oHog Bag 1Ciy 2Mn Oy polycrysialhing  samples
gintered at 1 1O0"Cinar ---53
The zerc field normalized resistivicy as a fiunchon of temperature for vanous
La, sHop :BaMna0O & La; sHog 2Bag «Lap  MnzOr polyerystalline samples sintered
at 1 100°Cinarr ---36

The normalized resstivity with constam magncue field 0.7T as a funcuon of
wmperature for  various  La;Hop;BaMnO, & La, jHoy sBagoCag  Mn04
polycrysialline samples sinlered at 1 100°Cinar --- 56

Yanabon of MR with applied magnetic feld al room temperalure

for various polycrystalline samples. -— 58

Variation of MR with applied magnetic field at 78K for
vanous palverystallme samples, --- 58
Schematic illustration of grain-boundary transport in 2 polycrysmalline mixed-
valence manganite Tach gran constinnes a single-magnetic domain. The
condiction electons show a high degree of spin polarization inside the grains.
When traveling across the grain boundary conduction electrons may be subject to
a smorle spin-dependent scaitering, which can be reduced if a low external
magnete held aligns the magnetzatons of the two grains. Spin alignment m the
disordered surface layers gives raise to high-held magnetoresistance -- 60
in [p{T¥p(RT}] 15 plotted against 1/T(K ™} for various polyerystatline samples at

110¢°C simering temperature. --- 61-63

viil



Table 4.1:
Table 4.2:

Tahle 4.3
Table 4.4:

List of Tables

X-ray diffraction peak positions for vanious polycrysialline samples ~-47
The metal-insulalor transition iemperatures T, both at zero field and 0.7T
apphed beld for various polycrystalline samples.--- 51

The % MR curve for various polycrysialline samples, -—-59

Aclivation energy of the polycrystalline samples, ---61



List of Symbols, Abbreviations and Nomenclature

eV

by
DE
FM
PM
Cl

PI

F1
MR
CMR
MR

XRD

-Curie-Weiss rangition temperarure
-Phase mansition lemperamre

-Neel Temperature

-Kelvin

-Degree Celsius

-Boltemann constant

=1.381 107 I/K

-Electron volt

21,609 % 10° 7

-Twa-fold depenerate state (doublet state)
-Three-fold degenerate siare (triplet statc)
-Double exchange

-Ferromagnetic metal

-Paramapnctic metal

-Canted insulator

-Paramagnetic insulator

-Ferromagnetic insulator
-Magnetoresistance

-Colossal magnetoresistance

-(riant magnetoresistance

-X-ray diffraction
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Chapter 1

Introduction

This thesis deals with the sludy of magnetoresistive properties in various divalent and
trivalent substited La;BaMn;O7 polycrystalline samples, Recently it was observed that
for mangzanite there is a huge decrease of resistance in presence of magnetic field. This
phenomenon is called colossal wmagneloresisiance (CMR).  For  manganite
megnetoresistance (MR 15 very hugh, it is about 99% for some samples in the presence of
applied magnetic field. Afier the discovery of the colossal magnetoresistance, there has
been a renewed intercst in Lhe properties of manganites. Generally, the CMR effect is
achieved only in presence of 2 mrong magnetic ficld and with m a small wmperature
window. These are (he two observed constraints of practical apphcations of CMR

materials.

The magnetic and clectrical properties of colossal mapnetoresistance (CMR} matenals
were reporied in 1950 [1, 2]. The double exchange (DE) model was proposed by zener m
the following year [3, 4], to explain the ferromagnetism and metaflic behavior observed
in these oxide matenals of perovakite structure. The perovskite structure is one in a series
(1D )nri Mg Qe of layer compounds. Here n indexes the number of conpected layers
of vertex-sharing MnQy octahedra. The end points have n = | and = which cormesponds
to KaNiFy structure. The n=1 compounds particwlarly T, DMnOs materials for x = 0.3
has been extensively studied because at ihis composition these materials show a metai-
msulator transition at a temperatire close to T, and also shows a colossal magneto
resistive propery [5]. For n = 2 one has the so-called double layer system. In Lhese
compounds, larpe MR has also been observed for Lays,SrjMnO; [6] and
Laz:2:Cay.2:Mnz04 [7]. Pure La;BaMn>0y is an antiferromagnetic msulator, As a resuit

of adding small amonnt of divalent cation reducing trivalent & divalent cation (La,Ba) m
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La;BaMn; (), the valence state of a few Mn will change from its usual Mn't to Mn*t. DE

model 1s based on hopping e, electrons between Mn®* 1o Mn*",

Detailed studies [18] have shown that electron-phonon due to Jahn-teller eflect 13
respensible for the observed properiies in manganitcs and a more coherent picture has
emerged [8] for the latlice polaron formation associated with the metal-mmsulator (M-1)
transiton in lhese malenals. There 13 also a proposal [S] hat M-I lransition is a
consequence of Lbe farge to small polaron ransiion mduced by the reduction of effective
hopping integrals at temperature near T, . Moreover, it has become increasingly evident
that the correlation between local structure changes and polaron formaton can provide an
adequate description for the anomalies cbserved 1o many expeniment, such as the unusual
iemperature dependence of Debye-Waller factors and lsttice parameters [10], large
frequency shilts of the intemal infrared modes [11] and vanations m Lhe local structure as -
seen by pair distrbution (unction (PDF) analysis [12]. In spite of above success there are
tndication that Jatm-Teller polaron formation does not lake place in magnetic compound
hike Lazs SriaMnD; so that an allernative disorder induced localization mechanism  for
non-polaronic locahzation of charge camiers has been introduced. In addilicn, an
empirical spin dependent hopping model {13] has also been snggested to descnbe the
ficld dependent transport at constant temperatures, Theoretical considerations are still not

sufficient and more efficient physical models would have to be developed.

However to explain the decrease of resistance as a result of applied magnetic field in
these oxide materials [14-17] led to the conclusion that the DE inleraction must be
augmented by an nteractions between charge carriers and laftice distortions{18].
According to Jonker and Santen [1.2] magnetic properties in these materials can be
understood by (1} strong positive (ferromagnetic ) interaction between Mn** and Mn*"
(2) weak interaction (either ferromagnetic or antiferromagnetic depending on the distance
between them) between Mn®" and Mn*™ (3) nepative interaction (antiferromagnetic)
between Mn** and Mn*".
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In the present study the parent La;BaMn,O7 compound was doped by other divalent and
trivalent cations. The small amoum of trivalent La was replaced hy trivalent Ho and also
divalent Ba was replaced by divalent Ca. In this thesis, the polycrystalline
(LasHo,) (Bay,Ca,) Mn,O; perovskite was synthesized and magnetoresistive properties
as a function of temperature and magnetic field was described.

1.I Objectives

So far most of the CMR studies have been focused on AMnOs-type perovskite oxides
that have simple three dimensional structure, In view of the sensitivity of MR properties
to the struciure, the present study on  (L.az;Hoy) (Bay..Ca,) MOy might provide an idea
o elucidefe fundamermal understanding of the CMR mechanism because 1t has a two-
dimensionally layered structure. And as mentioned earlier the structure of the gbove
sample 15 considered as the n=2 member of the Ruddlesden-Popper series Ap+ BoOsov In
which two perovskile blocks composed by two-dimensional layers of BOgs corner-sharing
oclahedral are separaled by rock salt AQ layers.

1.2 Summary of the thesis:-

The format of the thesis is as follows:

Chapter 2 gives the brief description of the basic issues of CMR in manganites. The
phase diagrams of various divalent and tnivalent doped manganites. The vanous models
of low temperature, low-field MR are also discussed in this chapter

Chapter 3 gives the details of the sample prepamation and experimental techniques used
in this thesis.

Chapter 4 describes the results of polycrystalline (Lax Ho,) {Ba..,Ca,) MnaO; for
vanous x and y values.

Chapter 5 summanzes the finding of this disserlation and makes suggestion for future

mvestigation.
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Chapter 2

Literature Review

In this chapter the basic issues of the colossal magnetoresistive maternials are bnefly
descnbed. Various phase diagrams that describe the electnical transport and magnetic
properties of materials are presented in this chapter Theoretical explanations of colossal
magnetoresistive materiais are described. Various models of low temperature and low
Tield MR are also discussed

2.1 Introduction

The change in electnical resistance m Lhe magnetic material with applied magnetic field is
called mapnetoresistance (MR). It 1s very interesting phenomena which help ns to get
proper idea 1n the magnetic field base technology. Dunng the last decade interest has
grown in heterogeneous ferromagnetic matenals, such as thin film multilayers and
cluster-allow comnpounds which display giant magnetoresistance (GMR). The interest 1n
these systems stem from the prospect of their use in magnetic sensors, Inagnetoresistive
read heads, magnetorsistive random access memory (MRAM).More recently, it was
observed that some materials specifically 3d ansition metal oxide and carbonates
possess & Jarge room temperature magnetoresistivity associated wilh a paramagnetic to
ferromagnetic phase transition. The prowth of interest in their properties siem is large
part from the prospect of creating metal oxide or carbonale device whose performance
exceeds GMR devices. In addition it is now recognized that the large magnetoresistivity
in these oxides and carbonate are the result of a umgue type of meial semiconductor
transition understanding of which complemenis of the drive for applications

The compounds which have been the focus of the majority of studies are the mangamte
perovskites T, xD.MnOs where T is a trivalent lanthanide cation (e.g. La, Y etc) and D is
divalent {e.g. Ca, 8r, Ba etc), cation. For the end members of the dilution series, LaMnO;
and CaMn0O;, the ground state is antiferromagnetic {AF}, as expected for spins inleracting

E,
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via (he supercxchange interaction where the metal-oxygen-metal bond angle is close to
I80° [1]. In a certain range of doping , x=0.2-0.4, the ground state is ferromagnetic {(FM),
and the paramagnetic-to-ferromagnetic tramiion is accompanied by & sharp drop n
resistivity p(T). This phenomenon has been known to exist since 1950 [2,3]

Recently, interest in these malerials has been renewed by the reahzation that (i) the
magnetoresisiance (MR) associated with this correlation between magnetization (M) and
resistivity {p) can be very large, and (ii) the basic interaction responsible for the p-M
correlation, the double-exchange {(DE} interaction [4-6] between heterovalent (Mn**
Mn*"} meighbors, is by itself not sufficient to explain this MR[7]. Both the large
resislance and the associated MR are now Lhought (o be related to the formation of smeli
lattice polarons in the paramagmetic state. The large MR resuiting from the transition has
been called colossal magnetoresistance [8], mainly to distinguish 1t as a phenomenon
distinct from GMR. In addipun to the renewed interest in the M state, much atlenlion
has been given to another type of colleciive slalc, charpe order {CO), typically observed
for x>0 3. At these doping levels CO can compete with the FM ground staie, leading to
complex electronic phase behaviour as chemical formula 15 varied [9-11]. Perhaps the
bigeest intellectual advance in understanding these disparate effcets is the realizaton of
the importance ol glectron-phonon {(e-ph) coupling. Several theories have elucidated the
role of e-ph coupling in producing CMR [12,13]. Tt is also widely betived that this e-ph
coupling is necessary 1o explain not only CMR, but also {1} the polaron signatures in
transports studies, (ii) the larpe isotope effect on the FM Curi¢ temperature [14], (1) the
large Debve-Waller factors [15] and {iv}) the CO (charge ordenng) stale and its large
sound velocily anomalies [11]. The microscopic origin of strong c-ph coupling 1s the
large Jahn-Tcller effect, which occurs for d* ions in an ocrahedral legend environment
[16]. For the undoped material {x=0} this results in a large static structural distortions
[17]. The question of how this e-ph coupling manifests itself in the CMR range (x =0.2-
(0.4} 15 one of the central question to be addressed by theory.
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2.2.  Materials

2.2.1  Structure and electronic spectrum

Jonker and van santen synthesized and characierized {2] a senes of compounds with the
general formuta T,0.MnO; where T 1s a tnvalent ion and D 15 a divalent 1on, These
gcomponnds form in the struclure of perovskile, CaTiOs. In this structure, the T,D and M
ions from interpenetrating simple cubic sublattices with O at the cube faces and edges, as
shown schematically to the nght in figure 2.2. The crystal structure and latlice parameters
obtained by neutron powder diffraction are given by Flemans et al for a series of solid
solution La ..BaMn.. Tiy(s [17]. All the compounds studied, which inclnde the end
member LaMnO; are isostructural, crysmallizing in the orthorhombic Pnma structure at
om lemperature. The end member LaMn(Oy is very distorted; lhe octnhedral are
elongated and tilted. Though tilting distortions are not unusal for perovskites simply on
the hasis of sleric conditions, it= magnitude in LaMnQO; and the presence of elongationare
thougtn to be the result of a Jahn-Teller Jocal distortion [17-20]. Jirak et al has shown that
for Pri..CaMnOn, here exists a phase transition between a high-temperature pseudocubic
phase and an orthorhombic phase [21]. This structure at around x=0 3, the doping level
where the FM slate appears, suggesting a strong magneto-elastic coupling The structure
of compounds exhibiting CMR is nsually onthorhombic but, as described below in section
2.2, for doping levels near the T=d metal-insulator boundary, the symmeiry can be

modified by the apphcation of magneiic field.

Figure 2.1; Perovskile struciure of CaTi0,
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(LH_SI'),-H 3 M"n03n+ 1

Figure 2.2: Schematic structures of the Ruddelsden-Popper series of layered compounds Here n
15 the number of comnected layers of verlex-shanng MnOy octahedra For n=1 the structure 13 that
of K NiF, and n=2 is the bilaver structure and n=» is the dwstormd perovskite The room-
ternperature Lmttice parameters are a=b=3.86 A and ¢=t2 48 A forp=Il a=b=387 A and c=20.14
A forn=2_ a=545 A for m=cc |25).

The carly work of Jonker and van Santen esiablished the range of possible solid solutions
allowed by the Goldschmrdt tolerance factor

=t RN 2(e )1
where 1y, 17 and ¢, are the radii of the divalent, trivalent, and oxygen ions, respectively
{2]. The tolerance factor measures the deviation from perfect cubic structure (t=1) By
using mixtures of T=La, Pr and Nd and D=Ca, Sr, Ba and Pb, t can be varied, with the
result that the perovskite structure is stable for 0.85<t<0.91. At finite doping, charge
balance is maintamed by a fraction, x, of Mn ions assuming a tetravalent, Mn** (d%),
configuration in a random fashion throughont Lhe crystal, with the remainder m the

Mn**(d*) state.
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Rasistraly | (om)

Figure 2.3: Resistivity egainst Temperature for La;SrMnO; for vanous x values. The amows

denote the transition as determined by mognetization measurement [26]
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Figure2 4: Top frame-magmetization against temperature for LagsCap2sMn0; for various field
values, Middle [rame ressstivity against temperature The inset shows the low Llemperamire
resistivity compared w T°° (solid ling) and T (dashed line) behaviour. Boftomn frame-

50

o

macneloreyastinee aganst temperature, Open symbols teflect low-Geld behaviour and solid
symbols rellect the lagh Geld behaviour [28].

At intermediate values of x, M nses and peaks with its Hund’s-rule value at x=03. In
subsequent work{3] van Santen and Jonker showed Lhat a temperatures above Lhe
ferromagnetic Curie point, Ty, the resistivity behaves like a semiconductor, dp/dT<0, but
that below Tg, not only is there a sharp reductiou in resistivity, but also a transition Lo
metaltic behaviour, dp/ dT>0. This behaviour is shown for La,Sr,MnC; and

La; «Ca,Mo0; in figures 2.3 and 2.4.
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Zener proposed a mechanism, he called double exchange (DE} to explain the
simultaneous occurrence of ferromagnetism and metallicity, both as 2 functton of x and T
found by Jomker and van Santen [4]. The FM state 15 observed only for finite d
concentration where elecironic transport is via holes ansing from charge exchange
between Ca®™ for example, and Mn. For x<0.3 the majority of Mn ions are in the d’
configuration which, for octahedral coordination, means a half-filled t, wiplet and a
guarter-filled e, doublel. The minorities of sites are d°, which corresponds to a half filled
t2, orbital mplet. Hund’s ruie dictates that as the hole hops from site to site, 1t 15
accompanmied by a reduction in S from 2 to 3/2 (Hund’s energy Jw=>t, the tramsfer
mtegral}. This hopping is impeded if neighboring sites are orthogonal, 1.e. spins not
parallel. Anderson and Hasegawa showed that the transfer integral varies as the cosine of
the angle between neighboring spins [5]. As temperature is lowered and spin fluctuations
decrease, the combined itmerant Jocal-moment system lewers its total energy by aligning
the spins ferromagnetically and allowed the itimerant electrons to pain kinetic energy.
Recently, Millis et al have shown that a Hamillonian incorporating only the DE
interaction cannot explain the most obvious feature of the manganites, namely the
magnitude of the change in resistivity at the FM transition [8]. They, as well as Roder et
al. proposed, in addition to DE, and electron-phonon couphng term [12,13]. Such and
mteraction 15 not unexpected in a piciure where Iransition is via hopping among Mn** and
Mn** ions, Here, the hole, coresponding to a Mn* (dj} ion must displace a Mn** (dqj
ion, which, in the dilute limst, can be associated with a large Jahn-Teller (1-T) coupling.
An analysis of acoustic resupance experiments for dilute Cr** in MgQ shows the O™ ions
are displaced by toughly 1.5 A from their undistorted poaition [16]. Here, Cr' is, like
Mn** in LaMnOh, a ¢* ion in an octzhedral oxygen enviromment. This distortion is of
similar magnitude as that in TaMnO; and, most likely arises from that manifesiation of
the strong electron-phonon coupling implied by the J-T theorem in the dilute case. Even
though the J-T theorem applies strictly only for single ions, the large distoriion (ound in
the acoustic resonance experimenis suggests an e-ph coupling of a size which must also

play a significant role for interacting ions. Using a different approach, Varma has

12
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attributed the main CMR effect to reduction of locatization by spin :fluctuation scattering
with the application of a magnetic field [22].

The picture just outlined, of electronic hopping withinh narrow and fully spin-polanized
bands is supported by a band structure calculation made for the end members of one
dilution series, LaMnO; and CaMnO5 [23]. For LaMnO; this calculation shows a typical
separation between up and down polarized bands of about 1.5 €V and bandwidths of
order 1-1.5 €¥. Pholoemission experiments on La, D MnO; {D= Ca.’b} confirm these
basic features [24]. The density of states for such a system is shown schematically in
figure 2.5 is also shown for comparison The density states for Ni metal. Since the up
and down spin bands are well separated, the megnetic polanzation (sahuration moment} 1s
100%, compared to 11% n Ni. This wall lead to reversal of carrier spin direction across

FM domains.

La, D MeO, Nl

L L
‘-F '_ !
-

? w
okl

e

Figure 2.5. Schematic T=0 density of states for doped LaMuoO;. The level diagram o the left
shows (he approximate positions of the 3d bands in tndoped LaMnO; from [23]. The energy scale
for LaysStgMnQ; is extracted fom photoemission data [24]. Comparison is made to Ni metal

which possesses a much smaller degree of spin palarizemiion [47].
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2.2.2 Layvered compounds

The perovskite structure is one in a Ruddlesden-Popper senes (T, MO of
layered compounds. Here, n indexes the number of connected layers of vertex sharing
MnrO; oclshedra. The endpoints in this series have n=1 and « which correspond o the
single-layered K;NiFy structure Laj.SrjMnQO; has been well studied [29,30]. These
gcompounds exhibits insulating behaviour for all x, and in the region x=0.5, a CO state
below about T=250 K [29-31].At lower temperature [T=20K), a spin-glass state appears
for 0.2<x<0.4. Spin-glass behaviowr Is common among manganites with low T, and
presumably reflects the competiion between the DE FM inemction and AF
superexchange of the present compound LaMn(s. The x<0.2 compounds are AF below
T=100K. For n=2, one has the so-called double-layer system. In these compounds large
MR has also been observed for Lag.ay St1.z Mn:O7 and Las 5,Ca), MOy [32] (with this
potation, x serves the same role as in the pcrovskites, denoting the nominal hole
concentration). For Ca {x = 0.25) a ferromagnetic transiton { T, ) of 215 K was identhed
but the MR pesk occurs at & much lower temperatnre ~100 K. The discrepancy between
these two temmperatures was ascribed by the authors to the quasi-2D nature of the Mn-O
layers. For Sr substitution, there are two ransitions for x= 0.4, one at T=300 K which can
be atiributed to 2D short-range order and a FM ansition at T=126 K, below which both
c-axis and ab-plane resistivity change from semiconducting {dp/dT<(}) fo metallic
{dp/dT>0). The MR for this compound is much larger than for the 3d (n=w) system
which illustratgs the peneral mend of increasing MR with decreasing T. At a slightly

lower concentration x=0.3, the n=2 system exhibits stnking amsotropy in it Tansport

properties.
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Figure 2.6: Top temperatwre dependenee of the inverse magnetization H=1T. Botrom in-
plane and imerplane resistvity at zero field for the bilayer material La,.; 5ty . Mny(y
(x=0.3) single crystal [33].

The effect of different lanthanide-ion substitution has also been siudied for the doubly
layer system for LnSrMn,0; [34,35] where for Ln=Tb exhibits a low-temperature
magnetization much smaller from that of Ln = La; for Ln = Nd, the magnetization is also
much smaller than for Tn=T.a, and hysteresis reminiscent of spin-glass ordering is seen

near 150 k [36,37).
23 Propertics of CMR Materials

231 Intrinsic Properties

In magnetism_ it is customary to distinguish 1intnnsic propenies, which depends only on
the bulk chermcal compuositon and erystal structure, from extrinsic properties which are
govern by samplc size and microstructure. For exumple, hysteresis is generally an
extrinsic property on the other hand sponieneous magnetization is an intrinsic properties.

i3,

—_
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2.3.2 The paramagnetic phase

The paramagnetic insulating phase shows thermally activated conduction. The transport

mechanism above T, is still 2 matter of controversy as different rescarch groups have

reported different behaviour. Data on compound with x = 0.3 werg lirst fided to filled to
p= poexp (Eo /KpT) (2.1)

wilh an activated energy E; =0.1-02 eV. Mott's variable range hopmg (VEH} expression

15 given by
p= poexp (To/T)" (2.2)
with v = '4-1/2 is appropnate. This also evidence for a
p @ po exp {Ly /KT) (23}

behaviour over an extended temperature range.

2.4 Transport properties

2.4.1 High temperature transport in perovskites-evidence for polarons

A discussion of the phenomenology of elcetronic ransport in the manganite perovskites
¢an be conveniently separated into three regimes, high-temperature, low-temperatore, and
critical region. Crilical behaviour is best described by thermodynamic measurements,
which couple directly to the magnetic correlation length, There is not yet exist a full
complement of dats to address the critical behaviour . We therefore resirict the discussion

to behaviour at low and high temperatures.

2.4.2 High temperature resistivity, thermopower

At high temperature, T>T,., in the congentration region where CMR is strongest,
0.2<x<04, trangporl 15 characterized by an activated resistivity p{T)ecexp.(Ap/T) [2]
where Ap=1000-2000 K (other repored values are 11002 60K for Nd sPby sMnQ); [26],
1300 K on LapCapMn0; thin Flm [38], 2500-1060 X for La, ,CaMnO; {0 1<x<0 6}
[39], depending on x). The thermopower, S(T), also behaves as expected for a
semiconductor, S{T} = As/T, where As = 120K [51], 500-20K [39-45] (figure 2 6). In the

simnplest models, namely that of an inirinsic semiconductor with a single carrier fype,
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Ap=As, This experimental work indicates an order-of-magnitude discrepancy between Ap
and As, which strongly supgests an additional excitation. Jt has been suggested, based on
the size of the lattice distortion associated with the Jahm-Teller eifect for d* jons with
octahedral coordination, that charge conduction is via small polarons In the extreme case
of noninteracting polarons, there is no entropy transpori accompanying charge transport
since the polaron energy term in the chemical potential cancels the polaron energy term
in the high-temperature expansion of the Kubo formuila {59]. In the presence of polaron-
polaron mnteractions however this cancellation does not occur and an extra contribution,
of the order of the interaction strength, appears.

Thus in this scenarie, Ap measures the polaron binding energy while As incasures the
polaron-polaron interaction energy. Additonal erms will include a spin entropy term,
S= (kpfe) In (455) = 20 ¥ K' and 2 conhguratton  {Heikes) eniropy term,
S. = (kpwe)n{1-CeNCy, where O, is the fractional hole conceniralion. Tt is observed that
high temperatures, S5(T) extrapolates to a valve consistent with S, independent of x|
presenting a puzzle which is perhaps related to the difference between Ap and As. The
termopower of Lags7Cap1;sMn0; films m an apphed feld undergoes the behaviour
expected from the known T, shift and in the critical region displays decreases greater
than a {actor of 10 for H vp to 8T An alternative, chemisiry-based, interpretation of
thermopower which secks to explain the anomalous x-independence at high temperatures
15 ofTered by Hundley and Neumeier [45]. The implication that the configurational term,
Sc, is nearly x independent is contrary to the expectation that substitution of oneg Ca jon
leads to one mobile hole. They point out that usuafly Mn’*(3d") is less stable then its
neighbours, Mn**(3d*} and Mn*(3d%), and this can lead to disproportionation of Mn**-
Mn’* paws into Mn®'-Mn*' pairs, a phenomenon not uncommon in transition metal
oxides. I one then poshlates (hat oniy one of the several different Mn valence species is
conductive to polaron hoping then as x is varied, not only the number of carriers vaned,

but also the number of possible sites for ransport.
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Figure 2.7: The Seebeck coelBicient for La, {CaMnO;.; with verying Ca” concentration. The

arrows indicate the magnetic ordering temperaturs. (Reproduced form [45].)

The confligurational contribution, Sc, would Lherefore depend on the dispropoertionation
probability of Mn™" and afier correcting this using existing thermal-gravinometric {TGA)
date, good agreement is found with the Heikes formula. This provides an imporiant
alternalive view of conduction in the manganites, which should be addressed further.

2.4.3 Low-temperature transpori-low-field magnetoresistance
The low-lemperature transporl can be divided into two distinet phnomena, the behaviour
of the intrinsic, metallic or seminconducting state, which charactenzes high-field MR,

and that of the intergrain process which charactenzes the low-field behaviour.

2.4.4 Low-temperature resistivity intergrain transport, noise

Ju et al. noticed large low-field magnetoresistance (MRg3=25%} in ceramic sampies of

Lay s7Bag ::M00;, {z = 2.99-2.90) and ascnbed s to trenspert across magnetic domain

boundaries. Schiffer et al observed the same effect in ceramic Lag7sCag2sMn0O;,
=45% at 0.2T) [28]. Tn this cxperiment, however, the size of the residual

resistivity, pe=1070) ¢m implied a mean free path of ~10A, much smaller then a typical
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domain size, lgading the authors to sugpgests an additional source scattering in the grain
boundaries. Hwang et al demonstrated that this effect was in fact due o scailering by
grain boundaries by comparing the low-held MR of polycrystalline La; 6757 :3MnQO; and
single crystals of the same composition, for which the low field effect is absent [60]
{fipure 2 8) They showed that the magnitude of the imtial drop in {H) varies with
temperature which is, characteristic of spin-polarized tunneling in granular ferromagnets
[27.48]. Gupta et al. comrelated the low-ield MR in films of Lan 470 53MnOs 5 {D=Ca, Sr
or vacancies) with grain size as measured using transmission electron microscopy (TEM)
[49]. They observed no low feld MR for epitaxial films and a MR, s—25% at 25K for
films with 3 pm grain size. Trilayer devices with juncton  structure,
Lay 6786, 330MNn0:/SrTiOs Lag 571315 1:MnO: show Ry 0)=83% at 4.2K[50]. Tunnelling has
been directly observed in these devices as a nonlinear -V characieristic [51].

Mathur et al has fabncated a device that probes the elfect of transport across a single
grain boundary [52]. They use 2 bicrystal SrTiC: substrate on which is grown a 200nm
epitaual (002) Lag+Caq ;0Mn0; film is grown, Ameander line is then patterned from the
film across the graun boundary formed at the bicrystal junction. The section of matenal
spanning the grain boundary is one arm of an in situ Wheatstene bridge to further 1solate
the behaviour of the defect. A peak in the clfective resistance of the defect 1s seen just
hetow T, and associated with this is an effective MRy 15, which decreases 1o zero at T, in
a nearly linear fashion. This magnitude of the low-figld MR at tempematures close w
300K is larger than that reported by Hwang et al. [47] in polycrystalline material and
demonstrates the feasibility of room temperature devices made from CMR material.
Finally ITwang et al have achieved large MR at low figld using a heterosiructure made of
Lag 7Cap 3:Mn(y: sandwiched between two pole pieces of a soft ferromagnet (Mn,,
Zn)Fes0y [53]. Here the applied field is enhanced by the intemal field of the pole pieces
so the demagnetization Reld 15 expected 1o play an imporant role in applicatton of this

concept to disvices.
Central 10 any discussion of usefulness of CMR matenals is whether the MR signal is

large compared to the intrinsic noise. Issues of concern are both the high p{T, ) values
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and the 1/f noise related to magnetic domain fluctuations. Alers el al have addressed
these issues wilth noise measurements in Lag o7 Yo orCap:MnO; thin films {54]. These
films had a MR;=10% at T, =180K. The noise was typically 1/f in character and when
averaged over the frequency band =25 Hy, had a broad maximum as 8 function of
temnperature, peaking below T, Due to the 1'f character, low-frequency applications near
T, are constrained the equivalent magnetic icld noise for a volume of 10" cm is roughly
10° Oe [z . However, at high frequencies, e.g. 10 MHz, the signal to noise ratio for a Og
sipnal is roughly 20dB. Thus, white domain-related noise might inhibit incorporation of

MR naterial for low frequency applications such as magnetic storage, these problems 13

reduced significantly applications such as reading,

Lok ¥ T T .1%‘: Lon
| 1]
1d0
amp o | o 3
00 Ba
L 120
{ E‘" T
el =0
it I 20
e e
aml
n o
cryslal
L L L 1 1 m
1 L] L] Ll Ly L) Lot
- 1700°C poly
[ N 1 o
=
[T ] Al
. a Eﬂ.‘ll
Soml m] R
eml ] awr
L -]
Bk - i
" i
wnf € -
—
LR ] 3 - Lve
VT poly
‘"l
cal -
00
d ol Eem
=20
asl -
1 180
b il
Xl BO .
il
e L
] L L 4 Il I.“ Y L1
b A - e i = ] F ) -
Pleld {lerls} Field (teala)

Figure 2 8 Panels a, ¢ and & the magnetic ficld dependence of the nommalized resistance at various
temperatures from 5 to 280 K. Panels b, o and £ e magneric field dependence of the magnetization
fnormalized 1o the 5T value) al various temperatures from 5 o 230K (From Hwang et al. [47])

b2
-



Chapter 2 Literature Review

2. 5: Double Exchange Model
The ilinerant charge carriers (holes) in the substituled La; A MnQ; (A is a divalent
cation) provide the mechanism of ferromagnetic interaction between Mn' and Mn** ions.
The addition of divalent matenal in undoped LaMn() changes the valence state of some
Mn'" to Mn*". The Mn®" ions in LaMnQ; have threc clectrons in the t»; state and one
electron In the ¢, slale due to the crysial field spliting Because of the sirong Hund
coupling and on-site Coulomb repulsion between e; elecirons, LeMnO; is an
antiferromagnetic insulator, When trivalent La’* ions are replaced with any divalent
cations (e.g, Ca, Sr, Ba ctc.), some Mn ions change to the Mn'" slate withoul e,
electrons. The vacant ¢ state of Mn** makes it possible for &, electrons in surrounding
Mn'* jons to hop into the ¢, state of Mn'" as long as the localized 1z, spins of

neighbouring Mn'™ end Mn*™ ions are parellel.

dyubled inie

N

e malrls
£ electrom
t loealized
\ / Zg elecirons
4+ triplet siate 3+
Mn Mn

Figure 2.9: Llectron states of the oulermost 3d enevgy level of the Mn*and Mn** ions

Tn the perovskite siructure the Mn fons are separated by O° wns and the  conduction
process occurs via oxygen as follows:

Before electron trensfer:  Mn™™ O~ Mn'"

After electron transfer: M 0¥  Mn'
Jonker and vlan Santen [2], and Wollan and Koehler [55], concluded that the exchange

coupling in general 18
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fa) ferromagnetic between Mn'* and M** ions

(b} antiferromagnetic between Mn" ions.

fc) either ferromagnenc or amiferromagnetic between Mn'*
The T is related to the strength of the transfer intepral between Mn'" and Mn*" 10ns. It
can expected that this couphng is strongly dependent on the angle subtended by the
Mn**-O-Mn"" bond [56]. It is found that the T, is reduced by bending the Mn*"-O-Mn"*
bond [57-60]. Although the ferromagnetism in these materials is attributed to the double
exchange mechanism mediated by Mn™-O-Mn"", tho origin of M-I transition in these
materials remains a subject of considerable debate Millis et al. [61-63], have argued that
the double exchange mechanism along is not sufficient to account for a disorder dniven
M-I iransition in this systcm and conclude that lattice distortion plays a necessary mnd
crucial role in the M-I transitions and the resulting CMR effect. In spite of the mtensive
research offort, which is currently ongoing, he coupling between crystallographic
structure and the electrical and magnenc properties s not compleiely undersiood and

control of the CMR in this system 15 still challenging.

2.6: Jahn-Teller distortion

Most researchers agree that double exchange is the basic mechamsm underlying ihe
transpor! properties of (he manganites; it secms, however, not to be sufficient to explain
the experimenial results. Millis er @l [64] were among the first to promole the idea that
‘double exchange alone does not explain the resistivity of LaSr.MnO;' and concluded
that lattice distartion plays a necessary and crucial role in the M-I transitions and the
resulting CMR eflect . Simply latlice distortion occurs due to their different atomic sizes,
crysial structure and different magnetic memerts.

A simple inspection is enough to discover sources for distoriion, Firstly, ionic size
mismatches: cations A and B can have very diflerent sizes producing tilting and twisiimg
of the oxygen octahedra (635, 66]. This distoriion can be estimated by the so-called
Goldschmidt wlerance factor:

[T *T0

‘\E("MJJ "'11:-]I
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where r slands for the sizes of the different ions in the sysiem. I'=1 for a cubic latlice and
decrease as the dilference in size between A and B increases. It has been found that for
oxides and fluorides the perovskite structure types are sieble in the range

1.02T>0.77
Tilting of the octohedra can be measured with the distorlion of the Mn-O-Mn bond angle
8=180" for cubic symmetry. For particular compositions, ¢ can range from 150" to 180",
2.7: Resislivity and phase diagram
CMR manganitcs arc oxides of the type Ry.AMnQO;, where R denotes a rare earih anid A

is a divalent, oflen alkafing earth element,

10"

g 3 temperaturs curves of
[ Lay+Ca, 81,4y Mn0, single crystals, The
E i anomaly at a temperature of 370 K for the
ﬂ [ 3 y = 0.45 dopmg is duc w a structural
2 - transition from a  low-temperature
y orthothombic  te  a  high-temperahure
10~k thombohedral phase,
E Lan.?{m'r-yﬂry}u.su "n:l
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Temperature [IK]

Typical resistivity versus temperature curves for Lag«{Cay.,Sr.JosMnQOs single crysials
are shown in figure 2.10 At low temperature the resistivity is metallic, nsing sharply
while poing through the ferromagnetic transition und showing semiconducting behavior
in the paramagnetic phase in the case of Ca doping, whereas the resislivity in the case of
St doping remains metallic above the Curie temperature. Accordingly, the ferromagnetic
Iransilion in this compound is accompanied by a metal-insulator transition as evidence by
the resistivity rise and the negative temperature coefficient of the resistivity in most

compounds above Tc.

Figore 2.10: Typical resisivity versus
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Much interest has been devoted to the CMR mangamtes, smece these displays a
diversified phase diagram
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Figure 2.11: Phase diagram of La;. SrMn0Oy

2.8 Manganite-Based Device

Bascd on the properties discussed above, a number of device approaches are being

explored, and we will discuss them sequemntially as below:
Magnetic Nield sensors {a) wsing the CMR effect 1n a film (b} using a spin valve
structure, and (¢) as a microwave CMR sensors. The industrial requirements tor a
magnelic sensor are operation at room temperature and up to S00K, at least a 20%
MR at a field 10 mT applied field, lemperature independent CMR values over
350 +50 K and acceplable noise values. The currcnt thinking is thal oxide-based
CMR sensors will have maximum impact only on memory systems approaching
densities of 100 Gb em™.
Electrical field effect devices (a) using 2 SrT10; gate and (b} using & ferroelectric
pate. Field LEffect Transistors (FET) based on CMR channels show some interesting
characteristic depending on the dielectnc layer on top as 1o whetlher it is a pit is a
paracleciric layer, such as STO, or a ferroelectnic layer, such as PZT. The advantage
of these devices unlike conventional NVRAM would be that Lhe reading of the state
of memory would be direct since the resistances are considerably different in the two
stales thus will not require of the memory.

24



Chapter 2 Literature Review

of memory would be direct since the resistances are considerably different in the two
states thns will not require of the memory.
(iii). Room Temperature Bolometric Infrared (ER) sensors

Due to the advantage in thermoelectric cooling, materials with high thermal
nonlinearities in the temperature range of 250-300 K, are polential candidales for
bolometric sensers. The commercial bolometers based on YOy used now a days use
temperature coefficient of resistance (TCR) values around 2.5% (o 4%. Tn comparison
TCR values ranging from 8% to 18% are possible 1n the LCMO mangamites over the

same temperature range (figure 2.12).
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Figure 2.12: Opdcal response of a film of LCMO (closed circles) in comparisons with the TCR {open
circles) The R-T curve i shewn in the inset [67]
(iv). Low tcmperatere hybrid HTS-CMR devices
As the properties of CMR materials are quite speclacular at reduced temperatures,
i.e., below 100K, there may be some advantages to imiegrating them with HTS

devices.
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Chapter 3

Sample Preparation and Experimental Techniques

In this chapter we outline the basic techmques of sample preparation and experimental
tectmique used in this work. We describe construction of a few home made apparatus.
These apparatus sre used for the magnetoresistance measurements.

3.1 Sample preparation

Samples can be prepared wsing any of the following four methods.

3.1.1 Solid state reaction method

In solid smte reaction method appropriate amounts of two or more chemicals are
carefully ground together and mixed thoroughly in a mortar and pestle or ball mills,
Ground powders are then calcined 1n or oxygen at a lemperature zbove 1100 °C for
several hours then reground and rebeated. This process in contimied crystalline phase.
This calcined material are then ground to fine powders, palletized in a hydraulic press in
air or any controlled atmosphere.

3.1.2 Solution Method

In this method appropriate amount of sohd chermicals are at first dissolved In mimc scid.
This solution is then dried and then followed by calcinations and smiering treatments.
Some himes water soluble such as nitrates is used for synthesizing superconducting
¢eramic materials. The nilmtes are dissolved in water and then dried aad calcined m a
way similar to the solid state reaction method.

3.1.3 Melt-quenched or Glass Ceramic Method

In this method apprepniate amounts of mixed powder are taken 1n 2 oxides, carbonates
etc. crucible are calgined for about two hours below the melting pont of the materials.
Afier calcinations the powders are melted at a few hundred deprees Celsius above the
melting temperature and held there for a couple of hours, The melts are then poured into

a cold iron or brass plate and pressed quickly by another plate to 1 to 2 mm thick sheets.
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The glasses thus oblained are then annealed 2t suilabie temperature for different periods
of time in air or in any centrolled atmosphere,

3.1.4 Thin film Method

Thin film of superconducting materials has been very successfully fabricated using the
procedure like Fvaporation, Sputtering, and [on Beam sputtering Laser Evaporation etc.
Evaporation is conceptually the simplest of all the deposition techniques. In practice,
however, some of the most sophisticated apparatus are used to evaporate epitaxial films
of materials under very controlled conditions and these systems are more accurately
called molecular electron beam epitaxy system (MBEAEBE} The technique involved
ntilizcs a vacuum system to remove most of the contaminating gases from the deposition
chamber. Typical pressures that are obtained in simple cvaporations are in the 107 torr
range until the MEB'EBE system requires pressures of less than 107 torr. The elements
or compounds to be cvaporated are heated in crucibles by either remstive heating
clements or by electron beam heating Typical evaporations have more than one
evaporation sources, and it is possible to ebtain systems with as many as six indcpcndent
sources. The hiph temperature produced in these sources cause the vapor pressure of Lhe
evaporation rise lo a level at which a significant amounl of these materials can be
collecled on a substrate that is located can collected on a substrate thate is located on &
direct optical path {rom the evaporation. The substrale can typically be at a vanety of
temperatures, ranging from 77 k to approximately 1300k depending on the required
microstructure of the fnal film. The subsiraie materials are sapphires AlO;, MgO,
silicon ete.

3.2. Preparation of the Present Samples (La, . Ho,) (Ba,.,Ca,) Mny(4
Polycrystailine (Las.. Ho,) (Ba,,Ca,} MmO with varions x & y (x=0.0, 0.1, 0.2 &
y=0.0, 0.1, 0.2) were prepared by conventional sohd state reaction lechnique. Raw
materdals LaO; ©9.995%), CaCOs (99.9%), BaCOy (99.9%), Ho.O: (99.9%) aund
Mn,CO; (99.9%) used as the starting materials, Then we calculated the amount of each

ingredients required calculation. We have calculated the amounts of raw materials for a
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tolal 20g. The chemicals were weiphted using 2 FR semes Eleciric Dipital Analytical
balance {measuring range 0.0001-210gm), weights being shown by LED display.

‘The chemicals were weighied out separately and then well mixed and ground in a
ceramic mortar using a pestle for 4 to 6 hours in acetone. Then prayish powder thus
obtained in the mortar was scraped frowm its wall and was poured into an alumina
crucible. Crucible was previously washed with acetone then with disiilled water.

Crucibles were placed in the furnace (or calcinations purpose.

3.3 Calcinations Schedule:

(a)First the powder was heated from room temperature to 1100 °C in ar, The temperature
controller was set at 1100 °C for 24 hours. After 24 hours the fernace was turned off and
was allowed to cool to rocm temperature {(Furnace cooling). When room emperature was
atiained, the chunk was taken out from the furnace and was ground unti] it became
powder.

(b)The procedure (a) was repeated further for three times.

ARer 72 hours of toial caleination the chunk was ground zpain nniil it became fime
powder. The product was usually a complete black powder. The resulting black powder 13

the required powder.

3.4 Preparation of pellets
Calcined powder is a shining black powder. The caleined powders were then pressed mio
pellels of 14mm diameter and 1-3 mm thick under a pressure of 12000 PST for about 1 to

2 minuies using a hard pressure machie.

3.5 Sintering and oxidation of the pellets

The pellet formed inside the mould had a shiny black surface. Tt was again placed a boat
and inserted into the fummace for sintering and oxidation. The sample pellets were sintered
at 1100°C in a furnace in air atmosphere. This is the maximum operating tewmnperature lor

this fumace. Now the samples are ready for magnetoresisiatice measurements.
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3.6 Construction of Liquid Nitregen Cryostat

A liquid nitrogen crvostat 15 designed for the purpose of low temperature magneto-
transpori measurements, 1 is made up of nonmagnetic concentric stainless steel tubes. It
consists of two parls {upper part and lower part) and each part consisls of three conceniric
tubes of three different dimensions. The outer diameter of the upper part of the cryostat is
7.6 em and inner diameter is 3.2 cm. The outer diameter for lower part is 3.8¢o and
mmer diameter is 3.2 cm. it has three chambers a5 shown ie Figure 3.1, Outer chamber 15
called vacuum chamber the middle one is ¢ryogen chamber (liquid nitrogen) end the
iunermost chamber is sample space. Thickness of the wall of each chamber is about 0.2
em. In the top of the second chamber there are two small pipes connected over the
stamless stegl plale of upper part of the cryostat, one for inlet of liquid nitrogen gas. The
lower part {20 ¢m long and 3.8 cm diameter} of the cryostat is shorler and narrower
compared to the upper part {85 ¢m long and 7.6 cm diameter). It is made in such a way
that the lower part of the ¢ryosiat can easily move between the pole pieces of the home
made electroagnet. A slainless steel plate connects the lower parl and upper part. The
top of the upper part is sealed by another slainless stee! plate. Tn the innermost chamber
{sample space) there 15 a sample rod which is made up of stainless sieel tube and a flat
copper bar. The dizameter of the sample rod is chosen in such 2 manner that it can easily
move (hrough the sample space. The top of the sample rod and innermost tubes are air
light connected with a union socket. A carbon glass temperature sensor is used for the
measurement of temperate of (he sample. 1t was observed that 1f the cryostat is filled

with liquid nmitrogen it takes sbout 150 minutes L0 warm up to Toom temperatare.
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Figure 3.1: schematic diagram of the liquid nitrogen crystat
.7 Construction of Eleciromagnet
To study magneto-trunsport properties of manganese perovskites, an electromangnet was
constructed. Nommally soft iron with a very low coercive lield and low hysteresis is used
for the magnet pole pieces, Wk have used commercial mild steel bar for the body of the
electromagnet and sofl iron cylindrical rod for pole pieces which are available in the local

market (Chaka, Bangladesh).



Chaprer 3 Sample Preparation and Experimental Techniques

Figure 3.2; Schematic diagmam of the Electromagnet.

The major paris of the electromagnets are base pole piece holder, pole picces and coils.
Base of the electromagnet 1s made up of 2 paraliel pipcd shaped mild steel bar of
dimension 36 cm % 19 cm = 8 ¢m. Pole piece hoider of Lhe electremagnet is also made
from commercial mild steel bar Two pole piece holders are attached to both side of the
base with L. type bolt. Each pole piece holder is a parallelepiped of dimension 32 emx 19
¢m = & cm, Pole pieces {cylindrical sofi iron of final diameter 92 em) are attached 1n
these holders in such a way so that we can vary the pole gap. The pole gap may vary from
2.10 ¢m. As the lower parl of our crystal has outer dimension 3.8 cm, pole gap of this size

will be suitable for the magnet operation.
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Fig 3.3: calibration of the home made electromagnet.

Two induction coils for two pole-pieces have been made wilh insulated copper wire of
S.W G 14 The length of each coil is 12 cm The number of turns in each layer of the coll
is 58 and tetal number of layers is 44 So the total number of turns 15 2352, The resis@nce
of each coil is about 8 1) The weight of each coil 1s about 40 kg Two coils are set in the
pole pieces of the eleciromagnet. They are connected in parallel combination with the do
power supply, The calibration curve of the electrontagnet is given tn figure (3.3), A field
of 0.7 was obtained for a current of 18A.

The construcied electromagnet has been lested to know its magnetic field peneration
capacity with a constant pole-gap 3.8 cm as the outer dimension of the lower part of the
crysial 1s 3.8 cm. The maximum current we have apphed to the coils 15 18 A, This currerl
generated a de magnetic Meld about 0.86 T. Magnetic fields are measured by a Gauss
meter. Figure 3.3 shows magnetic (ield as a function of applied current with a constant
pole gap 3.8 em.The home made crvostat and the electromagnet was assembled together
(Figure 3.4) for the magneloresistance measurement both as a function of temperalure

{hgquid mirogen temperature (o room lemperature) and magnetic field.
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i -—- - -

i

Figure 3.4: Schematic diagram of Magnel and Cryoestat Assembly l‘orr Magneloremstance
Measurements.
3.8 Construction of the Sample Rod
A sample rod is constructed for four-point resistance measurement, This is a hollow
staintess steel wbe, The upper part 15 connecled wilh mudtipoint connectors and lower
part has a copper sample holder as shown m figure The sample eod is connected wath the
cryostat by a union socket A schematic diagram of the sample rod is 15 shown in figure
3.5, The carbon glass resistor used as a lemperatire senser is kept in close contact with
the specimen Tor the magnetoresistance measurements we have Lo apply magnctic fietd
in the sample space The carbon glass resistor has a very weak sensitive in the magnetic

field.
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3.9 Magnetoresistance Mcasurement S:?t—up
Figure 3.7 shows the full view of the cryostat used for magnetoresisiance measureruents,

Figure 3.8 shows the schematic diagram of the Magnetoresistance measurement sel up.

Fipure 3.7: A Snapshot of the constructed cryostat.
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Figure 3.8: Experimental sel-up for magnelotesistance measurements.
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The standard four point lechniqne was used for resistance measurements.
All samples for test are mounted on the specimen holder and inseried in the sample well
of the cryostat. The temperature of Lhe sample is measured with a calibrated carbon-glass
resistor placed clese to the sample. The thermometer is sourced {ImA) by a HP 6181C
constant current source and vollage is measured with keithly 192 digital voltmeter. The
sanmple current i5 source with anoiher 6181C constant current source and voltage drop is
measure with HP 197 A nanovolt meter,
For magnetoresistance measurements, the eleciromagnet is powered by Agilent 6675A
power supply. The system is capable of creatmg a lield up to 0.7T for a current of =184
A.10 The Yan der Pauw Technigue
The resistivities of our disc shaped samples were calculated using the Van der Pauw
techrrique [1,2]. This technique is based on fow point measurements providing the
following conditions are fulfilled.

{a) The contacts are on the circumference of the sample.

{b) The contacts =re suficiently small.

{¢) The sample is homogenecus in thickness.

{d) The surface of the sample is singly connected, ie. the sample dose not have

isolated holes,

d’

A B

Figure 3.9: The fowr electnical contacts on the circumference of the disc shaped sample.
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Figure 3.9 shows the four comlacts on the circumference of the disc shaped sample. For a
fixed temperature, we defline the resislance Rap v as the potential difference between
Y-V between the contacts D and C per unit current throngh the conlacts A and B.

Similarly, we define Rpz, pa. Now if the uniform sample thickness is t then according to

van der pauw the p (T) will be
p(T}=:|:IfIn2 {{RAH C]’)+RBC>D_¢,_}I'W2} f{R,q,B C]:)"IRDC,Dﬁ] {31}
R + R R
AR 2D B Bc,Dd
PT) = = i (——=2
n 2 2

R pe D

Where { 15 a function of the ratio Rap onWRac, na only and salisfies the relation

{Ran crrRec pa )/ (Rap, cotRec, pay = f arceos h {exp (In2/f)2} ---mmmmv (3.2)

If we assume Ran cp/Roc, pa = Q, then equation 3.2 becomes
{(Q-1)/ {QQ+1)= f arccosh{exp(In2/f)/2}

A plot of this funcuioun 1s shown in figure 3.10.

{2]



Chapier 3 $ample Preparation and Experiraental Techniques

1.0
.rR"\ ] ]
0.9 ‘\\
"3 03 A
g | Ay
£ 07l A
é 0.6 \
= , N\
0.5 - _ -
L [y
0.4 [1i]] (TN
] 10 100

Q{ RAR,CDch,DA }
Figure 3.10: the function f{(}) for determining the resistivity of the sample (From ref {3] )

In practice the electrical conlacis have finite dimension. Van darl._lhfauw showed that if one

of the contacts is of finite length 1 and is assumed that it lies along the circumference of

the sample of diameier T then
Aplp=-FNen’In2

Also, if all contacts have simular defects the errors introduced are additive. Our sintered
disc shaped sample has a diameter ~ 1lmm and if we assume the maximum width
dimensions of the contacts are 1mm then the ermors introduced into our measurement due

to finite sized contacts will be 0.3%. Tn fact we have used Spm silver pain for the comtacts

which are much smaller than | mm.
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3.11 Magnetoresistance

The R{T) data was acquired both in zero field and in the presence of ficld. The R{T} data
was converled to p(T) using the Van der Pauw expression The magnetoresistance (MR,

whoch s a funclion of ficld and tenperature, was calculated using the following

EXPTESSION

MR(T H)% = - 25020 g0, (3.5)
(1.0}

References:

il L.J Van der Pauw , “A meihod of measuring specific resistivity and Hall effects
of discs of arbitary shape,” Philips Research Reporis 13[1], 1-9 (1938).

{2 L.J Van der Pauw , “A wethod of measuring specific the resistivity and Hall
cocfhicient on lamellae of arbitary shape,” Phillips Technical Review 20[8] 220-
224 (1958/59).

(3] Keithley, Low Level Measurements, 4% Edition ed. (Keithly Instruments.Inc.,
1992}



Chapter 4 Results & Discussions

Chapter-4

Results & Discussions

The various pelycrystalline (La,Ho,) (Ba;Cay) Mn0; (where x=000102 &
y=(00,0.1,0.2) samples were sintered at 1100°C. X-ray diffraction was carried out on the
powder samples. The result of DC electrical measurements including mapnetic phase
transitions, resistivity and magnetoresistance as a function of apphied mapnetic field and
temperature (both at room iemperature and liquid nitrogen temperature) were reported.
4.1 X-ray diffraction analysis
To characterize the samples, X-ray diffraction analysis was camied out with a X-may
diffractometer using M, K, radiation (A=0.709A%). X-ray dilfraction analysis did not
reveal any inclusions of unreacted componenis in the larget, suggesting that the samples
were homogeneous in chemical composinons. Figure 4.1 shows the X-ray diffraction
patterns for the polycrystalline samples of the series (La;Ho,) (Ba,yCa,) Mn;Oy
{Where x=0.0, 0.1, 0.2 & v=0.0, 0.1, 0.2). Table 4.1 gives the comparative peak positions
observed for these samples. The observed positions of the diffraction peaks are almost in

identical position and thus confirmed the single-phase perovskite structure with no

significant trace of impurity.
Table 4.1: X-ray difTractron peak positions for various polycryslailine samples

Sample composition X-ray peak position 20 (degres)

st |20d {3rd Jath |5th [6th | 7h |8
La;BaMn;0; 143 | 174 £ 203 | 251 | 292 [327 |39 | 446
La, sHoy BaMmn,Oy 14.4 | 17.6 | 204 | 255 293 133 |393 |45
La, sHopBaMn, Oy 142 | 17.5 {204 | 251 | 29.2 | 327 [ 393 | 45
a;Bay «Ceo, M1y0y 143 | 176 | 204 | 252 293 {328 |39 [449
LaBagsCap ;M0 0, 143 | 17.8 | 206 | 252 }292 |33 |39 |45
La, yHoy BaysCag M0y 143 [ 174 [204 |25 29 [326 139 |445
Lay sHag 2Bag sCag MngO; 143 | 178 | 203 | 252 1202 | 337 | 392 | 445
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Figure 4.1: X-ray diffraction paticms of various polycryslalline samples
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4.2 DI Electrical Resistivity

4.2.1 DC Electrical Resistivity of Lz, .Ho.BaMnyO-

The temperature dependence of normalized resistivity, p(TV/p(RT}, where RT is room
temperature, at zero applied magnetic field for various Las..Ho,BaMn;O; ( where x=0.0,
01, 02 ) polycrystalline samples sintered at 1100°C in air are shown 1 Figure 4.2,
Figure 43 shows the corresponding behavior of these samples in presence of 0.7T
applied magnetic field. From figure 4.2 & 4.3 it is cvident that all the samples show a
metal insulator (M-I} transition at temperature T,. The M-I wansition  temperature
decreases when La is replaced by Ho. It is well-known thal the substitution of the
lanthanide ions by some other ions in Lthe perovskite sipgnificantly modifies the structural
and maymetic properties. The atomic size of Ho (1.02 A7) is lower than that of La {1.18
A") For Lhe different atomic sizes of the doping elements the crysial structure would be
distorted due to Jahn-Teller effect and changes would anse in the transition peak.
Previous investigation showed that [1] anv dewiation from the ideal cubic structure can
lead to either 2 reduction in the Mn-O-Mn bond angle from 180°, or bond length directly
affecting the double exchange. Therefore, the result of replacing La by Ho is found to
lower the ferromagnetic transibon temperature. All the samples show the ferromagnetic
metallic characteristics (dpdT>+( below phase transition temperature T, and
paramagnetic insulating characteristics fdp/dT-:0} above the phase transition temperature
Tp. The transition temperature T;, for various samples both with zero applied magnetic
field and 0.7T applied magnelic field are shown in table 4.2. This sort of M-[ transition
can be described within the framework of lattice mismatch. Previous investgatons by
various researchers indicate that the metal-insulator transition tfemperature in these
manganiles are generally very close to the Curie temperature T,, the paramagnetic to

ferromagnetic (ransition temperature.
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Figure 4.2; The zero Reld normahzed resistivity as a function of temperature for various

La;_Ho,BaMnyOr (where x=0.0,0 1,0.2) polycrystalline samples sintered at
1100°C 1 air.,
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Figure 4.3: The normalized resistivity with constant magnetic field 0.7T as & function of
temperature for various La; HoBaMn,O; (where x=000102)
polycrystalline samples sintered at 1100°C in air.
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Table 4.2: The metal-insulator ransmion temperatures T, for H=0T & H=0.7T for various
{Laz,Hoy) {Bay,Ca,) Mny,O; polycrystalline samples

Sample Composition Sinlering Tp (K} Tp{K)
Temperature H=0T H=0.7T
La;Bahn. 0y 248 250
La, sHoq 1 BaMn0 245 248
La, ¢Hoy ;BaMny0; 230 232
La;Bag oLCag (MnzO; 1100° € 199 192
La;Baq ¢Cap :MnyOy 89 100
La, oHog | Bag »Cag :Mnoz(0 158 119
La, TTop sBag «Cag Moy 250 254

The others point of consideration is that the resistivity of FM metal has a quile
pronounced contribution from Lhe electron scattering on spin disorder {apart from the
usual contribution from crystal lattice defects and electron-phonon scattering). Higher
number of electrons result other hypes of imteraciions, spin fluctuations which gives nse
to interease further spin disorder i the compound, The presence of G.7T magnenc field in
this investigation mereases M-1 ransition temperature only by few Kelvin, This means

that the apphed ficld is not sufTicient for the suppression of spin Nuctuations.

4.2.2. DC Electrical Resistivity of La;Ba, Ca,Mn,(O;

The temperature dependence of normalized resistivity, p(TYp{RT}, where Rl is room
temperature at zero applied magnetic field for the samples Ja;BajCa MnoOy
{(y=0.1,0.2) sinwered al 1100°C in air shown in Figure 4.4 Figurc 4.5 shows the
corresponding behavier of the samples in presence of 0.7T applied magnetic field. From
the p-T curve it is clear ihat these samples also show M-I transition both in zero applied
magmelic fields and 0.7T applied magnetic field. The reasons for such type of transilion is

again s the lailice distortion which was described in  seetion 4.2.1 for
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Laz..HoBaMn;O; samples. But the resuits of Ca doping in place of Ba causes a large
change on phase transition temperature. 1n samples La;Ba;,Ca;Mn;07 (y = 0.1 and 0.2}
the Mn ions are occupying B sites and are surrounded by oxygen octahedra and I.a, Ba
and Ca cations are in the A site. For a perfect cubic structure, the Mn-O-Mn bond anele is
equal to 180° and undistorted MnQx octahedra are forming a rigid threc-dimensional
network. Upon substitution of Ba (atomic radius ~1.35 A} with Ca which has a smaller
atomic radius {~1.00 A), the MnOs octahedra are forced to distort in order to compensate
the resulting vanation of space around A site. This distortion of MnO; octahedm lowers
the Mn-O-Mn bond angle and thus reduces M-I transition temperature. Thus the doping

of Ca in place of Ba results a lower of ferromagnetic transition temperature.

6 T T T ¥

La;laﬂ'gCam anl{):r

o
1

Field 0T

o(T)/p(RT)

()
I

| La,Ba Ca MnO,
50 100 150 200 250 300
Temperature (kelvin)

Figure 4.4; The zero field nermalized resistivity as a function of emperature for various
La;Bay.,{a,Mn:0: (where y=0.1, 0.2) polyerysialline samples sintered at 1100°C
il air.
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Figure 4.5 The normalized resistivity with constant magnetic ficld 0 7T as a function of
femperature  for wvarious La;BaCaMnOr  (where 0.1, 0.2}
polycrystzlline samples sintered at 1 100°C in air

4.2.3 DC Electrical Resistivity of La; sHogBaMn>Or & LajoHon  Bag #Cag :Mn: 05

In ftgure 4.6 the normalized resistivity, p(T¥p(RT}, where RT is room temperoture at
zero applied magnetic field for LajeHogBaMn:Oy & LajsHoy BaysCan;MnaOy
polycrystalline samples sinteted a 1100°C in air is shown, Figure 4.7 shows the
commesponding behavior of these samples in presence of 0.7T applied mapnetic field. The
samples La;oHoy 1BaMn,0; & La, sHoy (BagsCag ;MnOr also show & metal-insulaior
transition at temperature 245 K and 118 K respectively. So it is obvious that the transition
temperature again decreases upon the substitution of Ca in place of Ba. The observation
is in consistert with the previous observations. The result of 0.7T applied magnciic field

in these two samples also the enhancement of the transition temperature only by few
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Kelvin. Near the transition temperature the spin system is almost 1nsensitive Lo external
field and does not cause a change of the local spin disorder and thereby of the carrier

mobility.

- La1lgHou'1BaMn20T
e (.8- i
R
2 ]
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Figure 4.6: The zero field normalized resistivity as a function of temperature for various
La; sHoxy ]BﬂLd.ﬂ]O‘: & LE!.] gHDu [Bﬂ.j gC&}_gMﬂgO‘}' I!)I}’E]’j'stﬂ]ﬁﬂe SEITI'II}IES
sintered at 1100G°C in air.
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Figure 4.7: The normalized resisthvity with constant magnelic field 0.7T as a function of
temperature for vanious La,¢Hoy BaMnyO; & La,sHopBaggCa; :MnaOy
polycrystailine samples sinlered at 1100°C in air,

4.2.4 DC Electrical Resistivity of La; gHoy :BaMn, (0 & Lay sHogp ;Bag U2y Mo 04

Figure 4.8 and 4.9 shows the temperature dependence normalized resistivity behavior for
samples La, sHopBaMnO; & La; yHoq 2Bay »Cay (Mnz(O7 at zero applied magnetic field
and 0.7T applied magnetic fieid, respectively. From the p-T curve for these two samples
it is observed that the {ransiton temperature 1S increased upon the substifution of small
amount of Ca in place of Ba, an anomalous behavior with respect to the previous
observations, Bant 0.7T applied magnetic field in these two samples canses Lhe transition

temperature enhanced only by few Kelvin
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Figure 4.8; The zero field normalized resishivity as a function of temperature for vanous
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sintered at 1100°C m air,
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Figure 4.9: The normalized resistiviy with constant magnetic field 0.7T as a function of
temperature for various La; sHog:BaMn;O; & La; gHou 2BagsCag MO+
polycrystalling samples sintered at 1100°C in air
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43  Magnetoresistance

The Magnetoresistance (MR) as a function of magnetic field of the samples was
ineasured at room temperature and liquid nitrogen tewnperature. The MR was calculated

using followmg formula.

pH)=p(H =0) o
P (H = 0)

For the magnetoresistance measurement the magnetic field was applied perpendicularly

ME 2% =

to the surface of the samples.

4.3.1 Magnetoresistance of various palvcrystalline samples:

The nagnetoresislance (MR) as a  function of magnetic field for  various
polyerystalline samples (La; Ho,) (Ba,.,Ca,) MnyO- sintered at 110*'C was ineasured
both at room temperatire and liquid mtrogen iemperature. Fipure 4 10 show the MR as a
funclion of magnetic field at room temperatore. The observed MR i3 almost linear with
the apphed magnetic field for various x & v values. In the presenl invesligation the
polyerystallme sample La;BaMn;(; shows 4.7% MR at room femperahure. Whereas
saimples La; sHog 1BaMn; 07 and La; gHoy :BaMn; O show 4.3% MR at RT. The result of
MR curves are summarized in Table 4.3.

The MR at 78 K for various polycrystalling samples smtcred at 1100°C are shown m
figure 4.11. A large change MR is observed in the presence of low applied magnetic
field For sample La;BaMn>Oy the total change of MR is 17% under the apphication of
260mT magnetic field. Out of ts amouni of MR%, 15% change occcurs upon the
application of 225 mT magnetic ficld. The other samples also show similar behavior ie. a
sharp drop of MR at low magnetic field.
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various polycrystalline samples
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Table 4.3: The % MR curve for various polycrystalhne samples.

Sample composition Sintering MR at MR at 77
Condition RT(%) Ki%%)
LazBaMn-0 1100°C 473 17118
L:i] gHﬂo_]Bﬂhﬁ];(}? . 4,31 1U.42
La sHoy 1331'\&]207 .n 431 10.42
LasBay oCan MOy o 1.83 17.27
LayBag 3Can 2Mn.04 " 1143 18.18
La, sHoy 1 Bay sCap sMny O 2 1.9 27

La, sHog 2Bag.eCag Mn O+ " - 20.75

So, the MR behavior of the polycrystafline samples of the present investigalion can be
characterized by two features: 1) a sharp increase of magnetoresistance at low fields
followed by 2) a linear dependence at higher fields. This may be due to the reason that as
the materials are snbdivided into domains, low field was qmie sufficient to alipn the
domain spins and thus a sharp decrease in MR was observed but to align the spins at the
domain boundary requites much larger field leading o weak Felfd dependence. It has
been suggested by Gupra el al [2] and Li et al.,[3] that the low-field magnetoresistance,
which is counsistently observed in polycrystalline angamts , is due to spin-dependent
scatlermg in grain boundaries. Evells el al.[4] suggested that the high-field
inagnetoresistance is associated with a magnetically mesoscopic disordered interface
layer present in the vieinity of grain boundaries. This field dependent MR behavior can

be explains with the help of the following dizgram.
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Fipure 4.12: Schematic illustration of grain-boundary transport 1 &
polycrysialline mixed-valence manganite. Each grain constinuics a single-
magnetic domain, The conduction electrons show a high degree of spin
polarization inside the grains. When traveling across the grain boundary
conduction electrons may be subject to 2 strong spin-dependent scattering,
which can be reduced if a low extermal magnetic [lield aligns the
magnctizations of lhe two grains, Spin alignment 1n the disordered surface

layers pives raise to high-field magnetoresistance.

44  Activation energy
Activation enerpy for the present investigated polycrystalline samples can be calculate
from the slopes of straight lincs using ihe reiation
P = poexp (Eo/'KsT}
where, E is the activation energy and Ky is the Bollzmann consiant
In figure 4.13, In p(T¥p(RT) is plotted against 1/T for various polycrystalhne samples at
sintering iemperature 1100°C and applied magnetic field 0T and 0.7T. Table 4.4 shows

the values of the activation energres.

All the samples show very good linear behavior in the In |:»-(T]J";J-[T~1T]—T'1 plots which

suggest that conduction occurs through a thermally activated process.
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‘I'able 4.4: Activation enerpgy {me ¥) of the various polycrysulline samples,

Sample Composmon Activation energy {meV)
Applied Magnetic Field | Applied Magnetic Field
(0T) {0.7T)
Lo;BaMn, Oy 21.44 16.22
[.a; sHop ) BaMn Oy 21,52 17.85
Ly gHog 1 BaMn ;0 21,62 18.07
La;Bag ¢CiinyMn Oy 5948 58.10
La;Bag gCan ;M7 0y 26.10 238
Lay sHoy s BagaCiy ;M 04 2645 2374
La; sHion ;B #Can  MniO; 29.03 231.90
ot 008 —
Applied magnetic hexte0T _,-"' ’ Applied magresic fiekde0 7T _f'f
é‘ -~ i 5 .f'f‘
2 aors e ; % e o
i /'fuh Ho, B2, Ca, Mn.O, "./L.l. Ho,,Ba _Ca o
S oo :/_f ra110, 60, ,Ca, M0 O, ]
Qa0 T T oo0s i) =g
¥10ch (Y
‘ipure 4.13 {2): In[p{TVp(RT)] is ploned against 1/T(k™) for various
pobvervstalling samples ot 1100°C sintering temperature
T - = - -
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Figure 4.13(b): In [p(T)/p(RT)] is plotted against 1/T(k™) for various
palyerysialline samples at 1100°C sintering temperature
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Figure 4.13 (¢): m[p{T)/p(RT)] is plotted against 1/T (k" )for various
nolycrystatline samples at 1100°C sintering temperature
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Chapter 4 Results & Discussions

The activation energies obtained from the slopes of the linear curves showed that it

increases with the increase of comcentration x & y in Laz;Ho,Ba,.,Ca,Mn:O;

polycrystalling samples. [t was also observed that the activation energies increases

slightly with the substitution of Ho & Ca in place of La & Ba respectuvely and this is due

to the lower sizes of Ho & Ca atom. The result is in agresment with that obtained by A
Barman et al [5] for Pro7Ra 1Cay2MnOs (R=Y, Dy, Gd, Sm, Nd) samples.
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Chapter 5 Conclution and Suggestions for Further Work

Chapter 5
Conclusion and Suggestions for further work

5.1 Conclosion

e X-ray diffraction analyses show that all the mvestipated samples are homogeneous and
of single cryslalline sfructhue.

» Samples show a metal-insulator transition with a peak in the electrical resistivity, at a
temperaturg T,

e The above-mentioned metal- insulator transition temperature 18 generally very close to
the Curie temperature, T., the ferremagnetic to paramagmehic transition. This sort of M-I
transition can be explained within the framework of lattice distortion.

& The substimtion of Ho in place of La and also the substitution of Ca in plece of Ba for
most of the investigated samples reduces metal —insulator transition temperatire
significantly.

¢ The presence of 0.7T magnetic field in this nvestigation increases M-I tansition
tewnperature only by few Kelvin. This means that the applied field is not sufficient for the
suppressicm of spin fluchiations.

e In the present study, toom temperature magneloresistance is found to be low and is
almaost lincar with held.

¢ Magnetoresistance measurements for the bulk samples show a sharp drop at low
magnetic fields followed by 2 linear dependence at higher felds.

® The exhibited large MR effects in these compounds at low temperature and very low
field might be associated wilh magnetic<lomain based scattering or spin-polarized
tuneling between adracent grains.

e In p(T) p(RT) —T" plots for the present investigated samples suggest ihat conduction
oceurs through a thermally activated process.

e Ti was also observed that the activation energies increases slightly with the substitution

of Ho & Ca in place of .a & Ba and this is due to the lower size of Ho & Ca atom.
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Chapter 5 Conclution and Suggestions for Further Work

e Tn case of Ca = 0.1 for Ba in La;sHop:BagsCag M7 sample the transition
temperature is found to be very high and activation energy is found to be low compared

to other compositions.

5.2 Suggestions for further work

Modemn technologies are now governed by magnetic sensors, magmetoresistive read
heads, magnetoresistive randem access memory and magnetoresistive mcrophone ete.
Here we have investipated the DC electrical and magnetic lield dependent resistive
properties of the lavered manganites doped with the isovalent atoms on the La-site. All
the samples show low-licld magnetoresistive properties at low temperature. For the
applications of thess samples, more comprehensive experimental studies are needed. Tn
o experimental work, all the samples were sintered in 1373 K (1100°C). With the
variations of sintering temperature further study can be dome to check their
maptetoresistive properties. At present, it is well known that grain size, nuclear magnetic
moments, magnetization, tolerance factors, susceptibility, polaron effects, spin waves,
conduction electrons, phonons, and domain walls etc. are play the crucial rule m the
manganites with which we will able to describe the transport properties such as
temperature resistivity, low temperature dependent resistivity, optical conductivity, and
thermal conductivity ete. and many other effects. Changes in the electronic stucture
induced by photons, electric fields or other means which are long lived (hystenc phase
iransitions) need to be explored and controlled especially in thin films for storage

applications,
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