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ABSTRACT

A series of polycrystalline bulk samples of SryLa,Mn3Oyp were prepared using conventionaf
solid state reection technique and sintered ar temperature 1100°C for 5 hours. The
magnetoresistive properties of the polycrystalline bulk samples were investigated from room
temperanre down to liquid nitogen temperature using standard four-probe technique.
Analvsis of X-ray diffraction patiemn gives the single-phase structure of all the polycrysualline
samples without any trace of impurity. The transition between ferromagnetic metallic and
paramagnetic insulating states in Stry.La,Mn30y perovskites is charactenized by a2 maximum
in the electrical resistivity at transition temperature. The transport behavior especially the
metal-insulator (M-I) transition in manganites Sty (LaMn;Cg may be understood in terms of

the double exchange mechanisms which involves the ferromagnetic coupling between

Mn''(£] el ) and Mn*"(z], e]) spins. As a result of strong Hund's exchange coupling, the
itinerant e; electrons (holes) interact with the localized rig electrons, and thus mediate

ferromagnetic ordering and the simultaneous M-/ transition. Substitution of La in place of Sr
enhances % of Mn®" which uvltimately increases M-I transition temperature in these
manganites. ‘The M-I transition temperature is also found to increases due to the external
magnetic feld. The external Feld might suppress the spin fluctuations which improves the
conductivity. The characleristic magnetoresistance was measured both at room temperature
and Tiquid nitrogen temperature. At room temperature MR is very low and almost linear with
field. At 78 K a sharp increasc of MR was observed at low magnetic field but the MR
gradually decreases with the increase of applied magnetic Nizld. The activation energy curves
show that the conduction occurred just above transition lemperature through a thermally

activated process.
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CHAPTER1 [

Fle
INTRODUCTION

1.1 INTRODUCTION

The mixed valance manganiles have considerable research interest in recent years due
to its interesting properties. In these manganites materials conlains manganese in
several valance states. This thesis prescnts results of an experimental study on
magnetoresislive properties of a series of strontium-doped lanthanum manganese
oxides. The magnctoresistance effect can be described a large decrease of (he
resistance on application of an extemal magnetic field and can be observed in some
magnetic perovskites near the curie temperature. They are also catled doped
manganites and Perovskite manganites, because of Lheir crystal structure resembles
that of the mineral perovskite and sometimes doped manganites cause Lhe substitution
of RE (rare earth) cation with an M cation may serve as hole doping. The
characteristic properties of the doped perovskite manganites are the CMR effect. CMIL
materials are interesling from a fundamenial viewpoint. In contrast o traditional
ferromagnets such as Fe, Co and Ni where the spin system is isolated from the lattice,
in these manganites the charge, spin, and lattice degrees of freedom are strongly
coupled Logether, leading to a delicate balance of interactions that gives risc to a rich
variety of physical phenomena of current interest in condensed matter science. The
discovery of colossal magnetoresistance {CMR) in mixed valance compounds with
general formula Lng.xAxMnO; (1.n = rare earth, A = alkaline earth) promoted a study
of these type of compounds in the last years. Some of these perovskites cxhibit
fascinating properties like metal-insulator (M-I} transitions, charge ordering and

ferromagnetism [1-4].



Perovskiles are the n=x members of the more general family (Lo, A ) iMngOsqn
called Ruddlesden-Popper type compound (RP}.The CMR and M-I behavior found in
perovskites are also exhibited by n=2 and 3 members of this family. These macerials
exhibit a resistance change when subjected (0 a magnetic field. The CMR effect is
usually obuained at low temperature (below room temperature) and in high rﬁagnetic
field, but the practical application demands the cperating conditions both at room
lemperature and low magnetic field. The magnetic field sensitivity, the strong metal
insulator Lransition at the curie temperature, the electric field polarizibility of the
malerial and its subsequent effect on the transport properties, etc. are the properties of

the rare earth manganites that could be exploited in a variety of devices.

The Ruddlesden-Popper (RP) type layered manganites. TiaDi+psMnzOn{where T is
the trivalent rare earth cation like La, Nd, Pr etc. and D is the divalent alkaline earth
cation like (8r, Ca, Ba, etc.), have atiracted considerable research interest due to its
properlies. The RP phases AqyBqOspe,consist of n layers of BOg comner-gharing
cctahedral blocks scparated by rock salt AO lavers. The observed colossal
magnetoresistance (CMRE)} phenomena in these manganites are generally understood in
terrns of the double exchange mechanisms which invelves the ferromagnetic coupling
between Mn**{tz,” €;') and Mn*'{t,;’ €,°) spins [5], However Millis er.al. [6] point out
that the double exchange interaction doesn’t explain the CMR alone [6].Other
interactions such as charge-lattice and spin lattice interactions should be considered to
eiucidale the CMR[7].A small change n the chemical composition like the matio
between trivalent and divalent jons at the A site can induce a large change in the
physical propenies such as structural, magnetic, optical and electronic behaviour. A
similar change can occur due to cxternal effect such as magnelic [ield, a hydrostatic

pressure or Lhe temperature.



On partia! doping of the trivalent RE—jon by divalent alkaline earth cation AE, leads to
the formation of a nixed valance state of the Mn i.e. Mn®" and Mn*" to maintain the
charge neutrality of the syseem. The perovskile ABO; type compounds with Lhe Lhree
dimensional Mn-O0-Mn such as Sry,LaMn3;0;p is knowm to be conducting
ferromagnets. The co-existence of metallic conductivity and ferromagnetic coupling in
these matertals has been explained in terms of double exchange mechanism [5-7]. The
insulating SrMnQ}; material in which only Mn** exists, doping with the trivalent ions
La causes the conversion of a proportion number of Mn®™ to Mn*". The transfer of an
electron occurs simultaneously from Mo to O™ and from O to Mn*" is a real charge
transfer process and involves overlap integral between Mn and O orbitals. Thus the
observed CMR phenomena are undersiood in terms of the double exchange
mechanisms which involves the ferromagnetic coupling berween Ma'(t,” €,') and
Mn“(tggj ¢.”) spins [8-10]. Because of the strong Hund's coupling the doping enables
g, electron of Mu’ jon to hop to the neighboring Ma”, which mediates
ferromagnetism and conduction. Millis ei.al point out that the double exchanpe
interaction doesn’t explain the CMR alone, because the curic temperature of most
marganites, can’t describe the huge magnitude of the CMR effect. Millis er.4l.[8]
argued that eleciron-phonon coupling due to Jahn -Teller distortion plays an important
role to explain CMR effect. The above result sugpests that there is considerable
coupling among the charge, spin and lattice in this system. Several studies on the
pscudocubic perovskiws Pa; Sr,MnO; have shown that materials with carrier
concentration x=0.3,which undergo a transition from the paramagnetic insulator state
to the ferromagnetic metal state upon cooling, exhibit CMR in a narmow temperature

range around the curie wemperature.

In contrast 1o pseudocubic perovskite (n=ec) with three-dimensicnal Mn-QO networks,

the layered versions of (La-IMntMngOapy consisting of perovskite blocks, nMnQ;



oclahedra with an inverting layer of {La-M)O ions, possess a two dimensional
anisotropic character whose magnitude depends on the n value. Apart from Lhe n=1
member, which is an antiferromagnet ar any doping conceniralion, the layered
menganites with n=2 compound [11] have shown that they have remarkable features
including MR ratio enhancement, magnetization, existence of wo-dimensional
ferromagnetic ordering at a certain lemperature Tange, and the characteristic low
temperature intrinsic MR effect. Very recently, it has been reported that the n=3
compound [12] exhibits some features that ere similar (o those observed for the n=2
compound. So far only a few pepers have been published on n=3 members of the RP
series. Brisi e/ af.[13] reporied a tetragonal CaMn;Oro phase from an earlier x-ray
powder diffraction analysis, which was considered to have lower symmetry in fact.
Henry er al. {14] studied CayMn;0Oyg and SrsMn30ig and reported that CayMnaO,4 had
a space group Cec2Batlle et al[15] determined the struchure of Ca;Mm:0ip and
reporied a space group Pbca eccording to X-ray and neutron diffractions. A dc
magnetization study of CasMn;Q was reported by Lapo ef a/[16] and atiempts have
been made to dope the n=3 member with La in order to induce mixed valence, though

only small doping levels have been reporied to date in bulk samples [17].

In the present investigation the divalent cation Sc*" will be replaced by trivalent cation
La* to study the clecirical transport and magnetoresistive properties of triple layered
perovskile manganites SraLa,Mn;0y0.Hence present investigation aims to study the
change in magnetoresistance, phase transition temperature and both the low
temperature and high temperature transport mechanism of a sertes of bulk
polyerysialline triple layered perovskite samples Sty laMn;0p (x=0.5-2.5). This
investipation is cxpected to help in understanding the CMR properties in n=3 members

of the RP series and also to ¢lucidate the consistency of Lhe electrical transport and



magnetoresistive properties of these manganites with those of n=cc and 2 members of

the series [18.19).

Lago et alll6] presented a detailed de magnetization study of the compound
CayMn; 00, which undergoes a transition into a G-type antiferromagnetic stnucture on
cooling below 113.5 K. These matenals behaves as a quasi-2D antiferromagnet in the
lemperature region below Tw. The resulting weak ferromagnetic component in each
MnO; layer is hidden at zero field but an applied magnetic field induces a spin-flop
transition to a phase with a2 net magnetiﬁtinn, A non-zero moment is observed at
temperatures well above the antiferromagnetic transition and may responsible for the

negative magnetoresistance.

Witte ez.al [17] studied the electrical and magnetic phases  of  the layered
perovskite Ca, La,Mn;0 5 and found that the peak resistivity drops dramaticaliy by
five orders of mapnitude in going from the undoped to the x=0.01 doped sample and a
transition from paramagnetic insulator to a antiferromagnetic insulator ie. a dramatic
change in conduction mechanism. The large decreass in resistivity with doping and the
appearance of uncompensated ordered magnetic moments suggests that upon further

doping a FM phase should be expected.

Mihut et ol [20] have investigated physical properies of the n=3 Ruddlesden-Popper
compound Ca;Mn;Oq and found that this compound adopis a layered structure in
which a group of three perovskite layers alternate with single rock-salt layer. There is
. 2 sharp magnetic phase ransition at 115K.The magnetoresistance is largest at low
temperamure. A 40% drop in resistivily 15 observed in 2 magnetic field of 14 T at 61K

which exhibits colossal magnetoresistance.



1.2 Objective of the present studies

Our approach is to study the n=3 member of the (La, 5r) RP series with

doping by La of the Sr i.e. electron doping so that the valence of Mn would

decrease from 4.

To study the effect of substitution of La by Sr in clectrical transpon and
magnetoresistive behavior of polycrystalline Sre,LaMn3 04y,
To improve the value of ransition temperature.

To understand the mechanism of CMR. properlies in these matenals.

1.3 Sketch of the contents

In this work Lhe preparation, characterization and magnetoresistive preperties of the

polycrystalline samples SruLaMnz0,9(x=0.5,1.0,2.0,2.5) were described.

Chapter 2 gives a brief description of the existing Lheories and mechanism of CMR
manganites. Yarious peints for undersianding the electronic structure of manganites
including the atomic view, double-exchange theory, Jahn-Teller effects and various

range of hopping in manganites are discussed brielly.

Chapter 3 describes the methods of sample preparation and characierization

techniques for synthesis of mangancse oxide materials.

Chapter 4 presents result on magnetoresistive properiies of polycrysialline samples

SryLaMn:;Chye for various doping level.

Chapter 5 summarizes the findings of this research.
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CHAPTER 2

LITERATURE REVIEW AND PHYSICAL PROPERTIES
OF MIXED VALENCE MANGANITES

2.1 Introduction

The historical overview of manganitc materials, wvarious issues of colossal
magnetoresistance {CMR) in manganites, which is very imporang, is discussed in this
chapter. Theoretical raxplaﬁar.iun ot CMR ‘malen'als including the electronic structure
of the manganites is described brielly. The bulk magnetic and wansport properties of
manganites and various phase diagrams as a function of doping, temperature, extemnal
magnetic field and hydrosiatic pressure ete. are alse presented here, various models of
low temperature magneteresistance and grain boundary magnetoresistance In the

doped manganites are also discussed.
2.2 Historical Overview of manganites

Due to the magnetic transition on the electronic conduction manganites materials are
very imponant for the present technology. The discovery of colossal
Magnetoresistance (CMR) in doped perovskite manganites revolutionized material
science and a lot of effor has been carried out (and still guing on) 1o find out materials
with improved magnetoresisltance around room temperature at low magnetic fields.
The analogies with manganiles and other magnetoresistive materials arc based on the
presence of large magnetoresistance, a competition berween FM and AF states and
universally accepted in homogeneities. Based on above analogies. the
magnctoresistive family consists of large number of materials having different
crysialline structures. These mixed valance mangenites have been studied for more

than five decades but are still considered modern materials because of their wide



potential for technological applications. The brief history of various research work of
perovskite manganites are given bellow:

About half a decade ago Jonker and Santen (1950) [1-3] described the preparation of
polycrystalline samples of (La,Ca)Mn0;,(La,5r)Mn0; and {La,Ba)Mn(; manganites
and repored ferromagnetism and apomalies in the conductivity et the cure
temperature with variation in lattice parameter as a function of hole doping. Few years
laler Yolger observed a nolable decrease of resistivity for LagsSrpaMnQ; in FM

states in applied magnetic fteld [4].

In 1970, Searlec and Wang [5-6] also reported the same behaviour based on single
crystals. A year later, Jin er.al. [7] reported that it is possible to reduce the resistivity
by several orders of magnimde under the application of very large magnetic field

hole doped manganese oxide perovskites near the curie temperature T,

A burst of research activity on manganites started during 1990 because of the
observation of large magnetoresistance Kusters eral (1989) [8] on bulk
Ndy sPho sMnOs reveals the larpe MR effect. Another work by von Helmhollz ef. al
{1993} [9] on thin films of La;sBa ;MnO; also revealed a large MR effect at room
temperature thereafler similar conclusion was reached by Chaham ef a/.(1993)[10]
using thin films of LamCajuMnO; and Ju et al (1994[11] for lilms of La.
warehnQ03. They all observed MR values larger than those observed in antificially

engineered multilayers (GMRE) [12].

in a study Sun e af. (1997)[13] examined a serics of compounds at constant 33%
dopant level LasaRuCa jaMns{R=Pr, Nd, §, Eu, Gd, Tb, Y, Er, Tm} with x chosen
to fix at tolerance factor =0 under the constains of constant doping level x and t,

Hwang et al. (1999) [14] would predict no variation of insulator-metal transitian
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temperature (Tpy) wilh rare eanh. Sun ef af. (1997) did observe a dependence of Toy,
which demonstrates that a single, tolerance factor ‘t” is inadequate for describing the
behavior of perovskite manpanites, where A-site component have widely different
radii. They attnbuted diserepancy due to an inhomogeneous distribution of cat ions on

the A-site [13).

Millis et al. (1995} [15] incorporated the idea that double exchange alone does not
explamn the resistivity of La; Sr.Mn04y Roder ez al. (1996) {16,17] incorporated Jahn-
Teller {electron-phonon) coupling in to the double exchange model and suggested that
the e; charge carrier becomes szlf trapped as localized lattice distortions with a spin
pelarization around the position of charge carrier, having a coherence length of the
order of five Mn siles. Yibromc model of Goedenough (1997} [18]. Bi-polaronic
model of Alexandrov (1999) [19], magnetoimpurity theory of Nagev (2001) [20] and
Falicov-Kimball like approach of RamaKrishnan T.V.,, (2004) [21] etc. explains some
aspect or the other of doped perovskile wnanganites, but a satisfactory theory of

manganites 1s still lacking.

Wollan and Kochler (1995) [22] draw the [irst magnetic structures of La,..CaMn(,
by neutron diffraction. In their studies they explain charge-ordering and mixed phase

tendencies in the manganites.
2.3 Colossal magnetoresistance

Manganese oxides with a perovskite structure[23) exhibit a transition between a
paramnagnetic insulating phase and a ferromagnetic metal phase. Associated with this
transition there is an effect known as colossal magnetoresistance[24,25] (CMR)—in
the vicinity of the transition temperature, the materials exhibit a large change in

resistance in response to an applied magnetic field. Such an effeet, if optimized, might
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find potential application in magnetic devices. But the crteria for achieving (and

hence optimizing) CMR are not clear, presenting a challenge for materials scientists.

in 1993, materials were found that could change their resislance not by a few percent
but by orders of magnitude. The obuained magnitude of MR in lhese materials was
very large; close to [00%, for thns reason, many researchers prefer to call this colossal
magneloresistance, as distinct from GMR. Magnetoresislance (MR), the ability of a
material to vary iis electrical resistance depending on an applied magnetic field. In the
other way, Magnetoresistance (MR} refers to the relative change in the electrical
resistivity of a matcrial on the application of an extemal magnetic field. For that
eason, over recent years magnetoresisiance has been the center of many
investigations pnmarily due to applications in magnetic slorage and sensing device.
The resistivity of some materials is greatly aflected when the materials is subjected to
a magnetic ficld. This phenomenon is known as magnetoresistance. CUne of the most
important properiies of the manganites Is the influence of a magnetic Lransition on the
glectronic conduction. It has becn observed that doped manganese oxide ceramics
exhibits a very large magneloresistance [26-29], about 99% for some samples in the
presence of 10T applied magnetic field. This phenomenon is called colossal

magnetloresistance.

MR = _ Mx LOD
(0)

Where p{H} and p{0) are the resistzvities at a given temperature in Lhe applied and
zero magnetic ferromagnetic metals such as Fe and Co. Cu is more typical in that the
same very powerlul field {24T) gave rise to change of only ~2% at room lemperature.
This MR originates from the impact of the Lorentz force on the moving charge carries
similar to the Hall effect. hs walues is ~10% at 10T. A classification of

magnetoresistance phenomenon is based on the distinction familiar in magnetism
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between intrinsic propenies such as anisotropy constanis, which depends only on the
crystal structure, composition and purity, and extrinsic properties such as coercivity

which depend on the structure on a mesoscopic or microscopic length scale.

One of the most interesting properties of the manganites is the influence of a magnetic
tansition on the electronic conduction. In 1950, Jonker and Van Santeen discovered
that the resistance below (he magnetic ordering. Lhe curie temperature T, , exhibits a
positive thermal co-¢fMicient, indicating metallic-like behavior and a negative gradient
above T [1-3] based on measurements of polycrystalline ceramics. In 1970, Searle
end Wang [5-6] also reponed Lhe same behavior baszd on single crystals (A year later,
Jin et.al. [30] reported that it is possible W0 reduce the resistivity by several orders of
magnitude under the application of very large magnetic field m hele doped manganese
oxide perovskiles near the curie temperature T.. Giant magnetoresistance is caused by
introducing interfaces in spin polarized conductors and is restricted below T, where as
CMR, is a bulk propery which criginates from magnetic ordering and is usually
contfined to the vicinity of T.. In particular, Jin ef af. [7,] reported. maximum values of
around 100,000% for thin films of calcium doped manganesc oxide near 77K with
applied magnetic fields of 6T. They also remarked that their results had a very strong
dependence on the method used to grow the tilms. Interest in the potential applications
of colossal magnetoresistance was soon prompted by the complexity of the materials.
[n these materials, the intemaction between the elcerons and lamice vibrations is
unusually strong, leading to a wide range of striking physical phenomena and most
crucially, can be "tuned" over a wide range by variation of chemical cemposition,
temperature and magnetic field [31]. These materials provides an oppomunity to study
thc poorly understood physics of syslems im which a high density of elecirons is
strongly coupled to phonons that "demand a micrascopic, and ultimately atomic,

characterization of structure, electronic structure and dynamics. The relatienships
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between lhese siructural, elecironic, magnetic and optical properiies are to be

explained in a systematic way.
2.4 Crystal Structure and its Relevance

The characteristic properties of doped perovskite manganites like the CMR eflect and
the strong correlation between the structure and electronic magnetic phases can all be
attributed to the ratio of the Mn** and Mn*" ions. The parent compound erystallizes in
AMRO; type having general RE|<AEMnOs , where RE stands for trivalent rare earth
cat ion .Such as La, Pr, Nd, Sm, Eu, Gd, Tb, Y etc. and AE Stands for divalent
alkaline carth cat ion such as Ca. Br, Sr ete. In this perovskite like structure (RE, AE)
occupies the vertices of the cubic unit cell, Mn occupies the body center and O
occupies the six faces of the cube, which forms MnQy, octahedra. On partial doping of
the trivalent RE-ion by divalent alkaline earth cat ion AE, leads to the formation of a
mixed valence state of the Mn.e, Mn®" and Mn*" to maintain the charge neutrality of
the system (e.2. Laj Ca’r Mnpo' Mnt La,.’"). The mixed valency of the Mn
jons may also be controlled by varying the oxygen content {32-33]. This doping with
some divalent cat ion causes the siructure to get distorted due to Lthe differences in the

size of the various atoms and leads to Jahn-Teller effect.

Mim
Q)
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® »

{a) (b) (c)

Figure 2.1: Crystal structures of the most Important oxides: (a) perovskite structure
(Lag.75r03MnCs); {b) The MnO: plane, which is identical in the shructure to the CuQ:

planzs of the high temperature siperconductors (HTSC's). (c) n = 2 Ruddlesden-Popper
phase (Lar 251 aM1207, MnOg octahedra are shaded, La/Sr ions are drawn as sphere).
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As modilications from Lhe cubic structure due to doping, perovskite-based structures
show lamice distortion. One of the possible origin in the lattice distortion js the
deformation of the MnQ; octzhedron arising from the Jahn-Teller effect thar is
inherent to high-spin{s=2) Mn** with double degeneracy of ¢; orbilals. Ancther lattice
deformation comes from the conncction pattern of the MnQ; oclahedra in the
perovskite structure, forming rhombohedral or orthorhombic lattice. Such a distortion
of perovskite AMnO; {where A=RE, AE,) governed by the Goldsmith tolerance
factor 't' [34,35] which measures the deviation from perfect cubic symmetry (t =1)
and is defined by,
d (i n

t= A= -
V2, N2 +r)

Where, d. is the distance between the A-site, where the lanthanide or alkaline earth
ions are located, to the nearest oxygen ion ie. { <ra®t+tg ) and dwn is the M0
shorlesi distance which are calculaled from the sum of the ionic radii for 12-co-
ordinated cat jons and 6-co-ordinated Mn-cat ions. However, the tolerance factor 15
depending on both temperature and pressure. Since for an undistored cube the Mn—
O-Mn bond is straight (da.c= ¥2duas) that makes t =1. However sometimes the A -
ions are oo small to fill the space in the cubic centers and duc to that the oxygen lend
to move toward the center, reducing da.g {(duno also changes at the same time). For
this reason, the tolerance factor becomes smaller than one, =<1, as the A-site radius is
reduced. and the Mn —O— Mn angle gets sinaller than $80°. The hopping amplitude
for carriers to move frem Mn to Mn naturally decreases as O Is reduced from 18(°P
[37]. Thus as the tolerance factor decreases the tendencies of charge localization
increases due to the reduction in the carmer mobility. For the idesl cubic structure t
=[, but the stable perovskite siructure occurs over a range of 0.8<t<|.i.For lower

values of 't', the cubic structure is distorted to optimize the A-O bond lengths. This



distortion affects Lhe conduction band which appears as hybridization of Lhe P-level
of oxygen and L]';ﬂ £g levels of the Mn. The orbilals overlap decreases with decrease in
wlerance factor. Sun efal (1997) did observe a2 dependence of insulalor melal
transition temperanure Ty on the choice of rare earth ion, which demonstrates What a
single, average tolerance factor 't' is inadequate for describing the behavior of
perovskites manganites where, A-site components have widely different radil. They

attributed discrepancy due to an inhomogeneous distribution of cat ions on the A-Site

[36].

2.5 Electronic structure of the manganites

2.5.1 Physical Overview of doped manganites

The important manganite, La;Se,MnCs {LSMO) is widely studied as a representative
of large band width Mn-oxides and has a high curie temperature of 370K at
intermediate hole doping [38]. In the LSMO compound a structural transition from
orthorhombic (x>20%) to rhombobedral (x<20%) is present [39]. However, the
structural phase diagram is even richer. In general the ortherhombic phase is stable at
lower temperatures while the rhombohedral phase requires higher temperature. Thus
depending on doping, one can thus obuin ferromagnetic or antiferromagnetic metallic
phases as well as entiferromagnetic insulating phase. Ferromagnetic insulators are less
commeon, since the occurrence of ferromagretism is associated with the movement of
free carriers in the lattice, but can be obuined for some partial arbital ordering cases.
Mixed valence manganites, with the composition AMn™*O; or BMn**0; is one family
of the Jarger group of transition metal oxides. which includes other families such as
Ferro electronic titanites. Some manganites can be formed of hexagonal layered
crystal structures which are different from the cubic structure in atomic view, play

some imporant role resulting different physical characteristics [40]. The CMR
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materials ol the form (RE) | A\MnOn have attracted most of the research efforts. RE
stands for a rare earth ion such as La, Nd, Pr or Gd and A denotes a divalent ion such
as Ca, St or Ba. The Manganites crvstallize in the perovskite structure, ligure-2.2. The
Ruddlesden-popper  family of compounds (REA) MOy crysialiize in a
orthorhombic structure consisting of n=3 member of venex sharing Mn0j; octahedra
extending in the ab-plane and having a thickness of an octahedra along Lhe c-axis

shown in Lthe following figure .

(a) (b)

Figure: 2.2 (a) Crystaliographic Structure of general ABOs type Cubic Perouskile,
{b} Crystellographic Structure of n=3 layered orthoriomine perovskite.

The Perovskite crystal struclure can be regarded as a three dimensional nerwork of
corner sharing MnOy octahedra, with Mn jons in the middle of the octahedral. Eight
octahedra form a cube. with Lthe A-site in its center. 1n the cubic perovskile, the A-site

is twelve fold surrounded by oxypen ions. But typically the ionic redius of the A ion is
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similar than Lhe volume enclosed by Lhe oxygen ions. This volume reduced by rotaling
the aclahedra wilh respect to each other. In the undoped parent compound SraMn3Og,
the crysial structure conlaining triple groups of face-shared MnO; octahedra
interconnected by common comers into a two-dimensional framework. In figure
2.2(b) the n=3 RP structure, shows the Lhree layers of MO, octahedm along the c-axis

separated by an insulating rock-salt layer.

The spins are ordered ferromagnetically in the ac plane with the spins parallel to a-axis
[41]. There is a antiferromagnetic coupling between the layers: along the b-axis which
is close to 180° [42]. In manganites family the widely known chemical  formula
R ANMNO: (where R is a rare earth such as La, Nd, Prand A is divalent alkali such
as Sr, Ca, Be, Pb). In general R and A are also be compound of two dillerent cations,
for instance (La|4Pry )i« CaMnO; .The Oxygen has full outer shell (2p) being in an
0 state. Mn presents two oxidation states Mn*" and Mn**, namely Lhis is a mixed
valency compound, R, A " Mn,"Mn,*"0y".In order to get charge neutrality, the
ratio Mn®"Mn* is equal (o (he mtio R*/A*". The extreme compounds x=0 and x=1
are not mixed valent, Therefore, doping with atom A is equivalent to change the

valence of the Mn ions from 3+ to 4+, Which creates a mixed valence of manganites.

2.5.2 Tonic view of Electronic structure

Figure 2.3 shows the electranic configuration for the M and Mn®" ions in the
compound AMnOs in a hybrid orbital structure. Mn jons have an incomplete d-shell
(Mn:{Ar]3d°4s%). According to Hund's rule, in order to minimize the energy, all Lhe
unpaircd electrons in the outer d-shell have their spins parallel to one another, thus.

only the five d-levels corresponding to the majority spin are accessible.
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The five d levels are split in e, (two degenerate levels, d.”,” and ds,*.%) and ty, (three
degenera levels, d,,, dy; and dz) due Lo the cubic crystal field. This spliting has becn
estimated to be around 1 eV, [23]. Than-Teller (JT) distortions act on Mn®" leading to a
further splitting, The two e, levels are then seperated in-energy around 0.25eV. The i,
levels are also split due to JT distortions, but this has not any relevance for the system
as the electrons living lhere are completely localized. Only (he majority spins levels
are shown. The minority spins levels are much higher in energy (due to Hund's

coupling which can be several eV).

. ¥
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Figure: 2.3 Electron state of the outermost 3d energy level of the Mn* and Mn#*
ions. The five d levels are split in eg (wo degencrate levels, diyf and da?-F).

Hund's rule is implied by two interactions: coulomb repulsion makes electrons 1o be in
a different d-orbital each; Hund's coupling obliges the electrons spins to be parallel. In
isolated atoms, the five d-orbilals are degenerate but they split in to three-told
degenerate (i.e. triplet state) tzg (dry, dyz and d) and two- fold degenerate (i.e. doublet

state) e (for instance, df_,,z and d;zz.xz} orbitals as seen in figure. The tzg otbitals are
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fower in energy Lhan the ¢, orbitals because the later are aligned with the P-oxygen
levels leading to a larger coulomb repuision than in other directions, Mn** has (hree

electrons in the outer d-shell that can be considered as Jocalized in the three tz; levels

giving a Lo1al spin §=3/2.

x
e LA

Eigure : 2.4 The triplet t2; orbilal and doublet €; orbital in Mn ton

The two e, ievels remain empty. On the other hand, Mn’" has an extra electron that
fills one of the &, levels (S=2). This single electron is unstable. 1hese ¢, levels are the
active one for conductivity. These levels hybridize with oxygen p-levels [43]
constituting the conduction band whose bandwidth depends on the overlapping of the
¢, orbitals of the Mn and the p-levels of the oxygen. The concentration of holes in the
e; based on x. For x <0.3, carries are holes while for x>0.5, the carries are electrons

with concentration 1-x, as determined by Hall measurements and thermoelectric

20



power. There is an antiferromapnetic superexchange coupling among ta; leveis of
nearest neighbour ions. Superexchange is mediated by the non-magnetic ion (oxygen).
Moreover, the hopping of the camiers fiom one Mn to another leads to 2o indirect
ferromagnetic exchange interaction between the localized spins (Double exchange),

Hence, if the carriers were localized, superexchange would dominate.

2.6 Phase Diagram of Doped Manganites

Mixed valance manganites are complex materials showing a rich variety of structural,
magnetic and elecronic phases. Phase iransition may be induced by changing the
composition, changing the lemperature or sometimes by applying an external magnetic
field. Usually structural, magnetic and electronic phase transition occurs
simullaneously. Figure 2.5 shows the combined phase diagram of La; ,Ca,Mn;05p and
Lay.SrMn; Oy f44]. With regard to magnetic and conducting properties the optimum
composition of both Ca and Sr-doped Lanthanum manganite is given by x=0.33. The
investigation regarded phenomena, which are usually expected to show a maximum
close to the ferromagnetic transition, namely magneto caloric effect and colossal
magnetoresistance.  The phase diagram of La;.CaMn:Op shows that cure
temperature of LagsyCapssMnOy is abour 260K, For LaggrSrysMn0Oy 1. is about
370K, [t was enticipated that by preparing solid solutions between these compounds it
would be possible Lo 1ailor matertals with a ferremagnetic transition temperature close
(o toom temperature thus having optimum magnetic and elecirical properties at
ambient condition. At low temperature the resistivity is metailic, rising sharply while
going through the ferromagnetic transition. The resistivity in the case of Sr doping
remains melatiic above the Curnie temperature. The ferromagnetic lansition in this

compound is accompanied by a metal-insulalor transition as evidence by the resistivity
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rise and negative temperature co-cfficient of the resistivity in most compounds above

T..
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Figure: 2.5 Magnelic and electric phase diagram of Lay;Ca:MnOs (top plate) and
LaySroMnOstbottom  plate) Magnefic and electronic regions are indicated as
follows: PM-I=paramagnetic insulator, PM-M=paramagnefic metal, FM-
I=ferromagnetic  insulator,  FM-M=ferromagnetic  metal,  AFM-M=
antiferromagnetic metal C-I=spin canted msulator. Symbols in boxes refer to
structiural phases{defined in text).Top plate adapied from Coey et. al (1999){29],
Schiffer et.al.{1995)[84] . botfom plate adapted from Urushibara et.al (1995)[38] and
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2.7 Double Exchange Model

2.7.1 Theory of double exchange model

Manpanesc oxides when doped become ferromagnetic metals and exhibit remarkable
magneroresistive end metallic resistivity near the Curle temperature. This correlation
was explained by Zener [45-96], proposed that ferromagnetism arises from indirect
coupling among the manganese jon spins via the carriers, so called double exchange
{DE) model. Zener has suggesled a 1ype of intcraction between he spins of magnetic
ions which he named “double exchange”. This occurs indirectly by means of spin

coupling te mobile electrons which travel from one ion to the next.

The physical properiies of the doped perovskite manganite (LaMnQ;) involve a
complex interplay berween the spin, charge and orbital degree of freedoms, which
strongly depends on the site of occupancy of the d-orbitais. The basic building of the
manganites is the MnO; octahedra. In the cubic environment of the MnOg octahedron,
hybridization and electroslatic inleraction with oxygen 2p ¢lectrons will create a
crystal field for the outer 3d electrons in Mn’". As the d-orbitals are five fold
degenerate, 5o this crysial field affects the 5-fold degeneracy of d-electrons present in
free Mn** jons by splitling the energy levels and forming lower-lving triply
degenerate ts, states and a higher doublet of e, states [47,48]. The energy difference
due to crysizl field spliting (CFS) between 15, and ¢, levels for LaMnO; is
approximately 1.5 e¢V. Due to strong intra-atomic hund's coupling, all clectrons of
Mn** and Mn** are aligned parallel in the ground state, Jeading to a total spin of $=2
and S=3/2 respectively. All three outer electrens of Mn™" oceupy the ty, sites, while
the extra electron of Mn’* is situated in one of the e, level. The ta, orbitals overlap
relatively linlle with the P-orhilals of nearby oxygen atoms. 5o that the 1z electrons

can be considered as forming 2 localized core spin (5=3/2). The e, orbilals on the
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other hand overlap with Lhe p-orbilal of neighboring oxygen aloms. Although
strongly coupled ferromagneticaily tw the iz, spin, the & electron (s=1/2} is more
mobile and can hop between different Mn ions. Thus the partial degeneracy of the 3d

orbilals has been removed by CFS.

The addition of divalent material in undoped LaMn0O; changes the valence state of
some Mn’* to Mn*" where there are Lhree clectrons in ty state and one electron in €,
stale due Lo crystal figld splitting. As LaMnO; is an antiferromagnetic insulator, Lhe
replacement of trivalent La** ions with any divalent cat jons (e.g. Ca’*,Sr™",Ba’" etc.)
will change some Mu ions to Mn*" stale without electrons. The vacant ¢, state of
Mn** makes it possible for e, electrons in surrounding Mn** ions to hop into the ¢,
stale Mn** 2s long as Lhe localized t, spins of the neighbouring Mn*" and Mn®*" ions
are parallcl. Zener interpreted feerromagnetism as arising from an indircct coupling

between “Incomplete d-shetl® of Mn'" and Mn*" via “Conducting electrons” of

oxygen as shown in figure 2.6.
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Figure: 2.6 Electron state of the outermost 3d energy level of the Myt and Mn# tons.

In the parent compound LaMnO;, the Mn ion is in 3+ state having clectronic

configuration 3d" with three elecirons occupy Lhe to, levels and are coupled to a core
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spin 5=3/2 by the strong intra atomic hund’s coupling and the fourth electron
occupies one of the energetically degenerate e; orbitals. Zener noted that on doping
with a divalent ion on rare earth site, i.2. RE|tAEx MnO; (where, RE=rare eanh and
AE=alkaling earth), the Mn ions become mixed valent with Mn fraction 'x’ in the
tetravalent Mn** (Sd],tzfeg", 5=3/2) and 'l-x ' in the trivalent Mot (3d*, tzgjesl, 5=2}
state. He considered a cluster formed from oxygen and two Mn** jons. The basic idea

of Double Exchange is that the configuration,

¢ = Mn*"-0- Mn**
and @2= Mn™ -O- Mn’*

are degenerate leading to a delocalization of the hole on the Mn*" site or electron on

the Mo sile.

3.1 3.0 3.0 3 |1

123 P ffg P,
Mn O Mn O

Figure: 2.7 Iustration of orbital overlaps betiveen Mn tog and Mn £, orbitals
wikh a p orbukal of o neighboring O ion.
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The transfer of an electron occurs simultanecusly from Mn®* to 0% and from 0% to
Mn*', this process is a real charge transfer process and involves overlap integral
between Mn and O orbitals. Because of strong Hund's rule coupling Jy, the transfer
malrix element has finite value only when the core spins of the Mn ions are aligned
ferromagnetically. The Hund’s rule coupling of degenerate states lifis the degeneracy
and the system resonates between ¢ and . if the core spins are parallel, leading to
simultangeous occurrence of melallic conductivity and ferromagnetism. Zener made a
estimation of electrical conductivity based on Einstein’s relation and the diffusion
constant of a hole located at 3 Mn*" sile which comes to be,
2
" w

Where, o = electrical conductivity, h = the Planck’s conslant, ¢ = eleclronic charge, T
=ferromagnetic transition temperature, x = concentration of Mn*" jons and a = lattice
parameter of Mn-Mn distance[49]. Zener's Model was based on Lhe assumption that
the manganites are uniform and homogenous without any form of coexisting clusters
of competitive phases. In the double exchange model, Hund's coupling Jy is
considered very large (in fact, Jy—c0), Hund's cnupliné forces the spin of the carriers
to be parallel to the core spins. The minimization of the kinetic energy leads to
ferromagnetic alignment of the core spins. Thus the necessary condition for this
degeneracy {and hence, metallic conduetivity} is that the spins of their respective d-
shells point in the same direction because the carrier spin doesn't change in the
hopping process and Hund's coupling pumishes anti-alignment of unpeired electrons.
The parallel coupling is of the erder of magnitude of the hopping. Thus the double-
exchange coupling leads to ferrmagnetism, and the cifective transfer integral can be

wtilien

t =ty coa(8/2)
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The double-exchange mode! is based on the assumption thal electron wansfer lakes
place with spin memery, and the transfer inlegral (o depends on the angle between the
adjacent core spins. An ¢lectron traveling from Mn** core with one spin direction to
another Mn*' come with a different spin direction causes a violation of Hund’s first
rule and energy is required to align the spins on the Mn site, where the electron arrives
since the electron transfer is related to the angle benween neighbouring magnetic
moments, the double-cxchange model explains why mixed valence manganites show a

close relationship between (ransport properies and magnetism.

2.7.2 Importance of Double Exchange Model

The physical propenties of the doped perovskitc manganiles (LaMnO;} involve a
complex interplay between the spin, charge and orbital degree of freedoms. Only
Doubleexchange mechanism can explain the behaviour of manganite perovskites.
That’s why it is very impontant. Double exchange and subsequent theories can explain

the transporl properties of manganites quelilatively.

In particular, magnetic properties are berer described than electric properties (there is
not a M-I transition for DE). But some manganites, & hale doped La;SrMnO;, are
metallic for the whole range of temperaturcs (figure 2.8). The fact is that lattice
distortions complele with the bandwidth and a large bandwidth (as is the case of La,.
.Sr.Mn0;) implies a more eflicient double exchange interaction. [n fact, Varma [30]
and. more recently, Lyanda-Geller etal. [51] have pointed out that Jahn-Teller
phonons are not necessary to gel the metal insulator transition and double exchange

plus disorder, which leads to localization as proposed.
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Figure 2.8 Temperature dependence of resistivity under zero magnetic field {solid
lines) and other 7 T (dotied lines) for LaorCaoaMnQs, Laoer{Ca,PbloasMnOs and

Lan 775rp30n0s [51).

2.8 Intrinsic and Extrinsic Magnetoresistance

The Physics of solids with strongly correlated electrons such as transition metal oxides
(TMO) {52-54] and related compounds appears to be dominated by states that are
ruicroscopically and intrinsically inhomogeneous in certain range of temperatures and
charge carrier densitics. In magmetism, it is customary to distinguish an intrinsic
sroperty, which depends only on the bulk chemical compesition and crystal structure,
from exlrinsic properties that are governed by the sample size and microstructure, for
cxample, hysteresis is an extrinsic property. wherc as spontaneous magnelizationl is an
intrinsic property. Intrinsic properties are best measured on single erysial and epitexial
film. Magnetoresistance can be an intrinsic or exirinsic property. Intrinsic
magnetoresistance is maximum close to the ferro-paramagnetic transition. The general

form of the magnetization and the resistivity of CMR materials are shown in figure

9.
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The aim of this section is to explain the dilerence betwren intrinsic and exirinsic
magneloresistance and to iflustrate how Lhey can be distinguished from experimenL

Some results from the filerature are used for exemplification.

When 2 magnetic ficld is applied, the pegk on the resistivity moves loward higher
temperature and dramatically decreases its height. The magnetic transition is
accompanied by a change in the behavior of the resistivity with temperature. The
system is metallic below Lhe magnetic critical temperature T. {namely, dp/dt={0) and
insulator (activated) in the paramagnetic region {dp/di<0). Approaching T {from below

the resistivity increases dramalically sometimes by order of magnitude [55].

For a single crystal there is negligible MR at low temperatures and with increasing
temperature there is increasing negative MR. Correspondingly the magnetization show
a rapid rise because of magnetic domain rotation at low applicd field and a slow
approach toward saturation at higher fields. The variation in the magnetization at
various temperatures tor the single crystal closely wracks the MR. Strongly suggesting
that the suppression of magnetic fluctuations is the origin of negative MR, in the
single crystal sample. Unlike the single crystal both polycrystalline samples (sintered
at 1300°C and 1700° C} exhibit a sharp drop in the resistance at low [ields followed by
a slower background negative MR at higher flelds. The sharp dx:op is greatest at the

lowest temperatures and decreases with increasing temperature.

2.8.1 Intrinsic Magnetoresistance

Many research groups suggestcd that double exchange alone is not sufficient to
explain the CMR. Besides Lhis there are other mechanism-such as polaron formation

due to the strong elecuon-phonon coupling or localized by spin fluctuations; Lhis
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supposed 1o drive lhe melat-insulator transition. The balance between the two
competing mechanisms is very sensitive o sn applicd magnetic field that suppresses
spin fluctuations and enhances the ferromagnetic order. But the essential transport

mechanism[80] in the manganiles has not yet been decided.
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Figure 2.9 :Resistivity of single-crystalline thin film LaoAlapshMnOs in zere magnelic
field and in an applied field of 5T. The graph shows also ihe corresponding
ragneforesistance. Adopted from Hundly et. al. [56].

Figure shows the temperature dependence of the zero [ield and pH = 5T resistivities
of a single-crystalling thin film Lag+Cap 3Mn0O; sample {data obtained from Hundiey
ei.ed. [56]). The corresponding magnetoresistance, MB=py/py-1,i5 shown in the same
graph. This sample has no internal grain boundaries so the magnetoresistive response

is therefore entirely intrinsic.

The thin film substance shows a metal to insulator transition coinciding with the

ferromagnetic {o paramagnetic transition at the Curie lemperature (230 K).
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Qualitatively the temperature dependence of the magnetoresistance can be explained
in terms of Zener's double-exchange mechanism. The simplest expression for
conductivity is o = nep, where n is the number of carricrs, and p is there mobility. The
melal-to-insulator transition could thus originate from either a change of the number
of carriers or a change the mobility of the carriers. In the double-exchange theory Lhe
change of hopping mability is the dominant effect on the conductivity. Below Lhe
ferromagnetic transition lemperature the spin system is ferromagnetically ordered end
the probability for electron transfer is high. The zero-field resistivity shows metaliic-
like lemperature dependence with a positive slope. Around the curie temperaiure the
spin system becomes disordered because the thermal emergy exceeds the

ferromagnetic exchange energy.

2.8.2 Extrinsic Magnetism
The polycrystalline sample exhibits a completely different behavior characterized by
Iwo features ) Sharp increase of magnetoresistance at low fields followed by 2} linear

background at higher [elds. The slope of the high-field contribution is broadly
temperature independent. The low field magnetoresistance, which is cften termed

LFMR{low field magneloresistance), increases with decreasing temperature.

Following [igure shows the comparism of the temperature dependence of
magnetoresistance of a single crystalline manganite(an epitexial thin film) with that of
a polycrystalline thin [ilm having the same compaosition{Lag ¢ Ca ¢33 MnO;).Data was

obtained From {Gupla et al.[57].
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Fig2.10: Magretoresistance femnperature of poly-crystalline ( top for a change of 0 fo 2
T wersus paneliand epitaxial (bottom panel) thin film  Laper.CogaMnQsb)
Magnetoresistance as a function of applied fleld taken at 25 and 100 K. Adopted from
Gupta ef al.[57].

Both samples show a magnetoresistance maximum ncar the Curie temperature, which
can be ascribed to intrinsic magnetotransport (The CMR effect). For the epitaxial film
the magnetoresistance vanishes at low temperatures, as expected for a single-
crysialline materal. However, the polycrystalline film shows an increasing

magnetoresistance with decreasing temperature.
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Figure 2.10 shows (he dependence of magnetoresistance at two different temperatures
below Lhe ferromagnetic transition temperature. it has been sugpested by Gupla er. al.
[57] and Li e ai.[58] that the low ficld magnetoresistance, which is observed in
polycrystalline manganites, is due to spin dependent scaitering grain boundaries. In
ferromagnetic metals the exchange energy splits the conduction band into majority and
minority carrier bands resulting in a spin imbalance at the Fermi level [59]. In mixed-
valance manganites (he majority and minerity bands are scparated by an energy gap
arising from the strong intra-atomic coupling between the 3d ¢ conduction electrons
and the 3d tz; core spins [60]. In the ferromagnetic state each grain in a polycrysalline

manganite may constitute a single magnetic domain[57-59].

The polarized conduction electrons are easily transferred between Mn sites wilhin 4
magnetic domain. However, an electron traveling across a grain boundary to an
adjacent grain may become subject to a strong spin-dependent scattering [eading 1o a
high zero-field resistivity low external [ield can readily rotate the grain magnetization
into parallel configuration and thereby cause a significant drop in resistivity and low
field magnetoresistance. Spin-dependent scattering of polarized conduction carries is
the dominant mechanism describing spin-valve effects in metallic GMR multilayers
[61). Hwang etal [60] offered a difTferent explanation to the low field
magnetoresistance effect observed below the Curie temperature. They compared the
magnetoresistive properties of single-crystalline and polyerystalline Lag 518rp 3:Mn0;
and also observed LFMR (low fleld magnetoresistance )in the polycrystalline sampies.
They suggested that the effect was due 10 spin-dependent tunneling between adjacent
graing separated by an insulating grain boundary consisting a tunnel barrier for the

spin-polarized conduction electrons.

Spin dependent scattering or spin-dependent mmncling can explain the low-[ield

magnetoresistance but fail to explain the linear hiph-field magnetoresistance, Evetls



et.ol. [62] suggesied (hat the high field magneloresisiance is associated with a
magnetically mesoscopic disordered interface layer present in the vicinity of grain
boundaries {[igure-2.11) The Lransport mechanism-in the interface layer is the same as
in the bulk parts of the grains, but the layer has depressed Curie temperature and
maguetization, which could be caused by strain, defects and weakencd or asbsent
bounds 1near the grain surface. The high-field MR could bo related to alignment of

spins in Lhe disordered inter-face layer.

Grain boundary

Bulk repion Diserdered mterface regton

Figure: 2.11 Schematic dlustration of grain-boundary transport in a polycrystailine
mixed valance manganite. Each grain constitufes a single magnebic domain. The
conduction electrons show a high degree of spin polarization inside the grains. When
traveling across the grain boundary conditcton electrons may be subject to a strong
spin-dependent scattering, which cn be reduced if a low external magnetic field aligns
the magnetizations of the fwe grains. Spin alignment i the disordered surface layers
gives raise fo high-field magnetoresistance.

34



2.9 Transport properties of some polycrystalline materials

The grein boundary effect on resistivity and magnetoresistance of some
polycrystalline manganites compounds were reported very early by Volger er
al.[63]. 1he recent mesearch was investigated by Hwéng et al[6d] and Gupta et
ol.[65).These authors compared (he magnetoresistance and magnetization of
LagarSrassMnDs  single  crystals  and  pelycrystalline  cersmics[6d]  and
Lags7Cay33Mn0y respectively. Both investigation found that the resistivity and

magneloresisiance depend an microstructure [66].
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Figure: 2,12 Top panel: zero field resistionty of LagersSroaaMnOs single criystal and
pelyerystals as a function of femperature. Bottom panel: magnetization of the sample
s a function of temperature meastired at B=0.5 T. The inset shows the field-dependent
magnetization af 5 and 280K{reproduced from Huwang et. al.[64]).
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Figure 2.13 : Magneloresistance data of the single erystal and polycrystalline smmples
:panels (a)(c) and{e)are the normalized resistivity p/po as a function of magnetic field.
po denotes the zero-field resistivity. Panels (B)(d) and (fi:magnetic feld dependence of
the normlized magnetization {reproduced from Hwang et. al.f64]).

Figure 2.12 shows the zero-field resistivity and the magnetization of the samples as a
function of temperaiure. Where the low temperature resistivity depends strongly on
the microstructure, the magnetization of three samptes is virtually identical. The effect
of the grain boundaries on the magnetoresistance is more dramatic. Figure 2.13 shows
the investigation of some samples of [ield-dependent resistivity and magnetization.

Where the single crystal shows a magnetoresislance is linear in magnetic lield and
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there is a sharp drop of resistivity in polycrystalline samples ar low magnetic field and
a linear dependence ar higher megnetic field. The magnitude of the low-field
magnetoresistance increascs with decreasing temperature in contrast o the inminsic
magnetoresistance, that has a maximum near the Curie temperature and decreases with
decreasing temperature. These results cannot be explained by the inirinsic
magnetoresistance  alone. Hwang eral. [64] suggested that lhe Iow-field
magnetoresistance in polycrystalline samples is due to spin polarized tunnzling

between misaligned grains.

2.10 Electron-Phonon Coupling and Jahn-Teller Distortion

The Double exchange and subsequent thoories can only explain the transport
properties of manganites qualitatively, However it overestimates the curie temperature
of most manganites, can not describe the huge magnitude of the CMR effect,
underestimates the resistivity values in the paramagnetic phase by several orders, and
can't account for the existence of various antiferromagnetic phases, charge/orbilal
ordering, phase separation scenaric and strong latlice effects/anomalies seen
experimentally due to its inherent limitation For several manganites Millis ez, al.(1995)
[67] incorporated the idea that double exchange alone doesn't explain the resistivity of
La;.Sr,MnOs. Their argument hinges mainly on en estimate of the curie temperature
in 2 pure double exchange model which comes out to be an order of magnitude large.
Millis ef.af. calculated the resistivity within the double-exchange model including spin
Nuctuations and found that resistivity decreases below T. and a positive
magnetoresisance above T, bolh features in contradiction to the experimental results.
Millis es.2l[72] argued that the glectron-phonon coupling due to the dynamic Jahn-

Teller distortion plays an important role, and that a strong interplay between electron-
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phonon coupling, including charge locatization, and Hund’s coupling, generating a FM

metallic phase, is réspunsihlc for the observed properties of manganites [68-71].

The strong e-ph coupling in manganites is mainly caused by the Jahn-Teller effect of
Mn**. The JT effect causes local distortion of the crystal structure in which some of
the Mn-O bonds become shorer and other longer. This bresks the local cubic
symmetry, splits the degeneracy of the ¢, levels on that site. By accupying the orbilal
with the lowest energy, the e; electron can become elfectively self-trapped to form
topether with the surrounding deformed lattice a quasi-particle called lattice pelaron or
Jahn-Teller polaron. This transport of lattice and spin distortions is also called s
magnetic polaron. Calculation by Millis er. af. [68,15,72,73] predict the localization
of charge cartiers by temporal and spatial JT distortions around and above Te. This
would lead 1o the observed activated resistivity behavior in the paramagnetic base
below T, the selF-trapping of carriers ends leading to a relaxation of the lattice and an
enhancement of the conductivity. [n this theory both JT coupling and DE are needed to
explain the propertics in the various magnetic phases. This leads 1o the prediction of
lower more cormect T, values, and can explain the high resistivity and large CMR
effect in manganites. The close agreement between the theoretical predictions and the
experimental evidence strongly indicates that the lattice effects in CMR malerials are
caused by the existence of small magnetic. Jahn-Teller polarons above I and melting
of these entities below T.. 1n this theoretical picture, the properties of manganites like
the value of T., the magnitude of the CMR effect and whether the ground state
becomes or stays insulating, depends on the relative strength of DE mechanism and
the electron-phonon coupling, which is determined mainly by the nominal hole
concentration x. There arc various other theories'models e.g. Yibronic Model of
Goodenough (1997} [74], Bi-polaronic Model of Alexandrov (1999} [19],
Magnetoinpurity theory of Nagaev (2001) [20] etc. that explains some aspect or the
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other of doped perovskile manganiles, but satisfactory theory of manganese is still

lecking.

Jahn-Teller distortion

The basic building block of the manganites are the MnOg oclahedra[75].1n the cubic
environment of the MnOg octahedron, hybridization and ¢lectrostatic intersction with
oxygen 2p elecrons will create a crystal field for the outer 3d electrons in Mn®" five-
fold degeneracy state present in free Mn™* ions due to crystal field forms lower lying
triply degenerate states and higher doublet of e; states. The low-lying t triplet
consists of the dey, dyz and d,« orbitals. The higher energy e; doublet consists of the d.’.
2 and d;/2, orbitals. Their lobes point in the direction of the O™ ions, which raises
their energy because of the stronger coulombic repulsion of the MnOg octahedra in
doped LaMnQ);, The energy difference due to crystal field splitting (CF5) between t
and ¢, levels for LaMnO; is approximately | .5eV. Due to strong intra-atomic Hund’s
coupling, all electrons of Mo and Mn*" are aligned parallel in the ground state,
leading to a total spin of =2 and $=3/2 respectively. The to; orbitals overlap relatively
little with the p-orbilals of nearby oxygen atoms, and forming a localized core spin
§=3/2. The e, orbial on the other hand overlap with the p-orbitals of neighbouring
atoms. Although strongly coupled Ferro magnetically to the 1z spin, the electron
{5=1/2} is more mobile and can hop between different Mn ions. Thus the partial
degeneracy of the 3d orbitals has been removed by CFS. The latlice motion usually

breaks the remaining degeneracy.

This tifting of degeneracy due to the orbital lattice interaction s pronounced as Jahn-

Teller co-operative effect. This effect tends to occur spontaneously because the energy
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penalization of the lamice distortion grows as the square of that distortion, while the
energy splitling of the otherwise degenerate orbilals is linear. This distortion can be

estimated by the so-called Goldschimidt tolerance factor.

T=r, +r,/\20r,5 +5)

= P 1

ﬁ(ryﬂ +ry)

Here r is the size of the different Mn, A, B and O ions in the system, I'=1 for a cubic
lattice and decreases as the difference in size betwcen A and B increases. For oxides

and Muorides the perovskite siructure types are stable in the range 1.0=I"> 0.77.

1ilting the octahedra can be measured with distottion of the Mn-O-Mn bond angle 8-
8=180" for cubic symmetry. For particular composition, 8 can be the range from 150°
to 180", This distortion affects the conduction band which appears as hybridization of
the p-level of the oxygen and e, levels of the Mn, which in wm depends on the
geometric arrangement of the ions. I'he larger the overlap, the wider Lhe band orbital
overlapping decreases wilh the distortion and Lhe relation berween the bandwidth N

and  has been estimated as N = cos™® I76].

Bandwidth is closcly related to the magnitude of the critical temperature T, that could
be increased by chemical pressure. Two parameters are important here, the mean value
of the cat ion sizes <rayp> and its variance , S<ran™ = *:ﬁw} _{rm}z_ The main
result is that a decrease of the cation disorder implies an incrcase of the critical
temperature.In the ideal case o*=0 and a T. as large as 520K could be achieved.
Another cause of disorder is the larger size of Mn*" (~0.72) with respect o Mn*"

(~0.5). This leads to a breathing distortion mode as shown in figure.
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Figure: 2.14:Q» and Qs nre the twoe Jahn-Teller modes of distortion of the oxygen
octahedm associated to the splitiing of the e; levels of Mn3* these parficular cases
correspond to (>0 and (5>0.Q1 is the breathing distortion that occurs the different

size of Mnt+ and Mn?+,

For instance a 3 mode favours the occupancy of an orbital elongate on the Z-
direction {d;f-rr). The interaction between the Jahn-Teller distonion modes and
orbitals is called co-operarive Jahn-Teller. When the carriers have certain mobility, the
distortion of Mn®" and Mn™ ions are random and change with time. Therefore,
electron-phonon coupling arises and in fact, Roder et al. [77] claimed that it is
necessary to take account of the lattice vibrations to explain the change in the
curvature of the resistivity <lose to T.. Moreover, due to large Hund's coupling,

magnetic polar ions can also be formed [78].

It is wefl known that manganese perovskiwe present structural phase transitions for
smnail values of x. The structure is thomboehedra! at high temperature and orthorhembic
with the lattice parameter (¥2ag¥2asV2ay) superstructure of the elementary cubic
perovskite cell al low temperalure. The critical temperature of this transition is ~700
K for x = 0 and decreases 1o 0 for x = 0.2. Asamitsu ef. af. [7%] Showed that this
transition could be externaily controled by application of a magnetic field implying of

a large spin-lattice coupling.
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Definition: Jahn-Teller distortion

The Fhan-Teller effect causes local distortion of the erystal structure in which some of
the M-O bonds become shorter and other longer [80,81]. This breaks the local cubic
symmetry and splits the degeneracy of the g levels on thal site. By occupying the
orbital with the lowest energy, the e, electron can become effectively self-trapped to
form together with the surrounding deformed lattice a quasi particle called lattice

polaron or Jahn-Teller polaron,

2.11 Types of magnetoresistance and their mechanism

A Clessification of inagnetoresisiance phenomenon is based on the distinction familiar
in magnetism between intrinsic propertics such as anisolropy constants, which depend
only on the crystal structure composition and purity, and extrinsic properties such as
coercivity which depend on the structure on a mesoscopic or microscopic length
scales.

Some classes of magnetoresistance are:

AMR - Anisotropy Magnetoresistance
GMR - Giant Magnetoresistance

PMR - Powder Magnetoresislance

BMR - Ballistic Magnetoresistance
CMR -Colossal Magnetoresistance

IMR - [ntergrain Magnetoresistance
TMR - Tunneling Magnaloresistance
EMR - Extraordinary Magnetoresistance

VLMR - Very Large Magnetoresistance.
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Some of their brief with the mechanism are given below:

2.11.1 Anisotropic magnetoresistance (AMR)

AMR effect is the change in resislance seen when the current lowing throw a sample
changes from being paratle! to the internal magnetization to being perpendicular to it
resistance is high when current is perallel (or anti parallel} to the field and iow when

field and current are orthogonal, The dependence of the AMR effect is given by [82].

Rir=Reint AR anC05 ()
Where,
R..= isthe total electrical resislance
R, = isthe minimum ¢lectrical resistance
ARy = 18 the incremental AMR resistance
@=is the angle between the current flow direction and

magnetization direction in the material.

2.11.2 Giant magnetoresistance (GMR)

GMR is nothing but bearing the behavior of materials having altemating layers of
ferromagnetic and nonmagnetic materials. GMR effect in the change in resistance in
the magnetic multiplayer that occurs with a change in the relative directions of
magnetization between lavers. The GMR has also been observed in variety of
inhomogeneous granular (cluster and alloys) system predominately comprised of Fe.
Co, Ni and their various alloys in Cu, Ag and Au matrices. In granular magnetic
systems, where small ferromagnetic grains (e.g. Fe, Co, Ni etc.} arc embedded in an
insulating matrix, the macroscopic properties depend on the metallic volume fraction

“x’, the grain size and intergranular distance. When the relative otientation ol grain is
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antiparallel, it results in a minimum in conductance. When antiparzile]l grains are
farced 1o be paraliel by the application of a magnetic field, conductance increascs and
results in large magnetoresistance. On the other. hand, in magnetic multijayers spin
dependent scattering (SDS) at Lhe interface Is responsible for the GMR effect. The
(iMR relics on the fact that electron spin is conserved over a distances of up W several
tens of nm, which is greater than the thickness of a typical muliilayers, i.e. electric
current in the trilayer flows in two channels, one corresponding to elecirons with spin
up projection end the other to electrons with spin down projection [83]. Since Lhe t
and ¥ spin channels are independent (Spin is conserved} they can be regarded as two
wires connected in parallel. Mott hypothesized that the electric current in FM metal is
carmied independently in two conduction channels that correspond predominalely to
the spin-up and spin-down s-p electrons. The spin up channel acts as a shunting
current, lowering the resistivity of Lhe complete stack of layers found considerable
compared to when the moments are antiparallel. As a result the conduction cleclrons
with spin parallel to the materials magnetization move freely, while the motion of
those electrans with antiparallel oricntation is implied via collusions with the atoms in

the material. The dependence of The GMR cffect is given by [84].

Rin=Rpuin+ AR g SIN{972)
Where,
R = is the total electrical resistance( tens of ohm)
Rpin=is the minimum electrical resistance
ARgm,=is the incremental GMR resistance
and @= which varies berween = and -n radius is the angle between the

magnetization directions in the storage and sensing layers.



The GMR features are :
--Requires two malerials
--Depends on relative orientation of two magnetization.
—magneloresistiance ratio of about 6%
--read-access times of below 50 ns were achieved for MRAM with GMR
materials,
—low sensc signal.
--magnetic cell would not work with sense lines narrower than about 1pm.

--there is a limit to hew quickly the magnetization can change directions with

distance.

2.12 Envisaged Applications of manganites

Perovskite manganites have a large potential for applications based on their various
physical and chemical properties [85-87). The magnetic field sensitivity of the .
transport properties, the strong metal insulator transition at the curie lemperature, Lhe
clectric field polarizibility of the marerial and its subsequent effect on the transport
pruperties, the haif metallicity of the electronic bands, ete. are propenties of rare earth
manganiles that could be exploited in a varicty of devices. Based on their properties, a
number of devices arc described below:

The magnetoresistance of manganiles might be used in magnetic sensors,
magnetoresistive read heads, and magnetoresistive random access memory. Magnetic
sensors can be made from either thin [ilms or single crystals and can be used to sense
the magnitude of a magnetic field in one or several directions by choosing the right
crystal form and de-magnetization factor. With a high density of grain boundaries and
in tunnel spin valve structures a good low field magnetoresistive response will

observed.
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CHAPTER 3

SAMPLE PREPERATION AND EXPERIMENTAL
TECHNIQUES

3.1 Introduction
The method of sample preparation, cxperimental techniques and characterization

process are discussed in this chapter.

3.2 Material synthesis and sample preparation

The most commonly used method for the preparation of manganites samples are given

Below:

1.5¢lid-state reaction method
2.5olution method
3.Melt quenched or glass ceramic method

4 Thin Alm method

Solid-state reaction method

The present investigation is based on solid-state reaction method, in which ocours
when the interacting materials have the gradients in chemical or electrochemical
potential, temperature and surface free energy. In this reaction method atomnic
diffusion is very important. Such diffusion is very slow at normal temperatures
because the entropy change is very small, for this all the solid-siate reactions are
exothermic in nature. The flow of atoms or ions or ¢lectrons from one equilibrium site
to another is the phenomencn of diffusion in ¢rystalline solids. In this reaction method,

appropriste amounts of two or mere chemical compounds are carcfully ground
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together and mixed thoroughly in a mortar or pestle or ball mills with acclone for
homogenization. Ground powders are then calcingd in air or in oxygen at a
temperature above 1137K(900°C) for several hours to remove the unwanted oxides
presents in the chemicals. Then (hey are reground and reheated. This process is
continued until the mixture is converted in to the correct crysialline phase. Calcination
is the heating process for the mixture of appropriate waterials to convert into the
coreet crystalling phase. This heating process is done not less  than
1173K(900°C). This calcined materials are then ground to [ine powders and palletized
in a hydraulic press. Sintering technique has been used to study the physical PTOperties
in the densified solid i.e. bener densification solid is very imponant. Afier sinlering
the compact solid becomes more homogenecus and [ree from unreacted impurities.
During sintering there is a great reduction in surface free energy arising from the

reduction in 1otal surface area. The sintering lemperature is~1273K-1673K(1100°C)

and sintering time is~5 hours.

3.3 Process for the preparation of present sample

The present polycrystalline bulk samptles werc prepared using the conventional solid-
siate reaction technique. High purity powder of La;0s (89.9%), SrCO; (99.9%)and
Mn>0; (99.9%) were well mixed in a fixed amount and grounded in a ceramic mortar
pestle for 3 to 4 hours in dry acetone media, then calcined at 100 in air in a heating
fumace for 24 hours. The grinding and heating process were repeated for Lhree times.
ARer 72 hours of total calcinations. the powder was ground until it become [iner. The
caleined powder was pressed in to pellets of 12-mm diameter and 1-2 mm thick under
a pressure of 12000 PSI for | to 2 minutes using a hydraulic press. The pellets was

again placed in a boat and inserted into a funace for sintering and oxidation at 1573K
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(1100°C) in the fumace in air atmosphere. The temperature ramp was 10°C/min for

bath cooling and healing.

Methodology

The DC electrical resistivity for various polycrysialline sampies was measured from
room emperature down to liquid nitrogen temperature using siandard four-probe
method. The temperature dependence of resistivity, p{m£2 cm}at zero applied magnetic
field for varicus polycrystalline samples and the corresponding behaviour in presence

of 0.7 T applied inagnetic field have been investigated in the temperature renge 78K to

S00K.

3.4 Characterization Technique

After the preparation of the samples, they need to be characterized in different ways to
study their physical properties. [t would provide the necessary feedback to improve the
method of preparation of the grown materials. In the present invesitgation, powder X-

ray diffraction was employed to characterize homogenization and other physical

properties of the crysialline powder.

3.5 X-ray diffraction :Lattice planes and Bragg’s law

X-rays are the electromagnetic radiation with typical photon energies in the range of
100e¥-100KeV. For diffraction, only shon wavelength X-ray(hard X-rays) in the
range of a few angstroms to .1 A(1KeV 120KeV) are used. Because the wavelength
of X-rays is compamble to the size of atoms, they are ideally saited for probing

structura! arrangement of atoms and molecules in a wide range of materials. The
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energetic X-rays can penetrale deep into the materials and provide information about

the bulk struchire.

X-rays primarily interact with electrons in aroms. When X-ray photons collide with
electrons, some photons from the incident beam will be deflected way from the
direction where they originally travel. Dilfracted waves from different atoms can
interfere with each other. If the atoms are arranged in a periodic fashion, as in crystals,
the dilTracted waves will consist of sharp interference maxima (peaks) with the same

symmetry as in the distribution of atoms.

seddedrdes s
0000000000000
FER0000RRR0 00 OS
6000080500000

Lattice Planes Brugg's Law
() (v)

Figure 3.1; Bragg's law of diffraction {a) Different forms of lattice plans ()Diffraction:
from afoms.

The peaks in an X-ray diffraction pattern are directly related 1o the atomic distances.
Let us consider an incident X-ray beam interacting with the atoms arranged in a
periodic manner, as shown in figure. 'The atoms, forming different sets of planes in the
crystal, For a given set of latlice plane with an inter-planar distance of d, the condition
for a diffraction (peak) to occur can be simply writlen as

2diSing =nh

dig- N2Sin0
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which is known as Bragg’s law. In Lhis equation, A is Lthe wavelength of Lhe X-may. 0 is
the scattering angle, and n is an integer representing Lhe order of Lhe diffraction peak.
The Bragg's law is one of most impomant laws used for interpenctraling X-ray

diffraction dala.

3.6 Apparatus used for the present investigation

The apparatus which is commonly used for the present investigation are described as

tollows:

The liquid nitrogen cryostat

A liguid nitrogen cryostat was designed for (he purpose magneloresistive
measurements. A schematic diagram of the liquid nitrogen cryostal is shown in [igure.
It is made up of nonmagnetic concentric stainless still wbes. It consists of two parts
{an upper part and a lower part). Each pan consisis of three concentric tubes of Lhe
three different dimensions. The outer diameter of the upper part of the cryostat is 7.6
cm and imner diameter is 3.2 ¢cm. The outer diameter of the lower part is 3.8 em and
inner diameter is 3.2 cm. it has three chambers; outer chamber is called vacuum
chamber. the middle one is cryogen {liguid nitrogen} chamber and (he inrer most
chamber is sample space. It is structured in such a way that the Iower part of the
cryositat ¢an easilv move berween the pole pieces of the lecally fabricated

electromagnel
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Figure : 3.2. Schematic dingram of the Liguid nifrogen criosiat.

Electromagnet

The electromagnet is used for magnetoresislance measurement as a funclion of
temperature. {liquid nitrogen temperature to oom temperature) and magnetic held.
The schematic diagram of clectromagnet used in the experiment is shown in ligure
3.3. In the configuration of electromagnet, commereial milled still bar for the body
and soft iron cylindrical rod for the pole pieces was used. The pole pieces were of 9.2

cm diameter and the pole gap varied from 0 to 10 cm. The current generated a dc

magnetic field about 0.86 T in a pole gap of 3.8 em.
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Power swpply

Figure: 3.3 schematic diagrant of the electromagnet. Present investigation is shown in
G 8.7,

Current (A)

Fignre: 3.4 shotws the variakion of magnekic field ns a furnction of current wnth constant
pole gap 3.8 om.
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Description of sample rod

This sample probe is used for four point msistance measurements. For the
magnetoresistance measurements we applied magnetic field in the sample space. The
schematic diagram of the sample rod used for the present experiments shown in figure

1.5 and also lhe calibration curve of the carbon glass resistor is shown in figure 3.6.

® _|l_®

Muiti-pin

fomme cinrs

l4——— Hollaw bihe

Cennecting wir'e
(50 jamn cihver wir
Sample

Figttre :3.5 Schematic diagram of the sample holdey.

The van der pauw method

Figure :3. 6 The four electrical contacts on the circumstaners of the disc shaped snmples.

60



Figurc 3.6 shows the physical representation of vander pauw technigues. It is based on
four point measurcments. There are four conlacts on the circumfercace of the dise
shape sample. For a fixed wemperature, the resistance Rancp as the potential difference
V-V between the contacts D and C per unit current [yp through the contacts A and
B. The current enters in the sample through the conlact A and leaves it through B. The

measurement will complete suecessfully if the certain condilions are fulfilled:

The conlacts should be on the circumference of the semple.

The contacts should be sufficiently smail

The sample is Lo be homogeneous and thin relative to the other dimensions.
The surface of the semple is to be singly connected, i.e. the sample doesn’t have

isolated holes.

Then,
F,—F
Rapcn = —=——= 3.1
fin
Analogously we define,
V,-¥F
Rorps = 2« 32
‘.B'L"

The relation between Rag,cp and Rp,na on which the Vander pauw method is based

on,

nd ml
expl- FRAHm} + exp{ - F‘Rﬂﬂ'-m} =1 3.3

Where,
d = the thickness of the uniform disc shaped sample

p=the resistivity of the matenials
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If d and the resistances Ram.op and Rac,pa knownlhen in equation (3.4).p can be
measured. In the general case, it is not possible to express p explicitly in knewn

functions. The solutions can, however, be writlen in the form,

wf R + R R
WT) = (PR EE) 34
In2 2 Roc.oa

Where ; is a function only of the ratio Rapcp only satisfy the relation

R /R -1
cosh { (Banco  Roc.ou) X In2 } = ! exp E 35
(Rupeo f Rue pa) +1 f 2 f
Assuming Rap,cosRbana =Q (3.53) bacomes
91 _ 12 e cosn { 2XPUR2LT), 3.6
e+l f 2
A plot of this function is shown in figure:
1
'R L \
% “ \\\
% 04 [
-l—h.‘_h-‘-—-
o2
0
. 2 s e : s w1 5 W

Figure: 3: 7 The function of f{QQ} for determining the resisfivity of the sample.
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CHAPTER 4
RESULTS AND DISCUSSION

4.1 INTRODUCTION

In the present research work cur approach was to study the (La, Sr) Ruddlesden-
Popper series with doping by lanthanum La’ of the Strontium St i.¢. electron doping
so that the valence of the Mn would decrease from 4. Our present investigation is the

layered compound for n=3 members and x=0.5, 1.0, 2.0, 2.5

The results of DC electrical measurements including phase transitions, resistivity and
magnetoresistance were measured from room temperature down to liquid nitrogen
tecmperature both in zero field and I an applied magnetic heid of 0.7T.
Magnetoresistance (MR) measurements were carried out and Lhe MR behavior was
discussed as a function of magnetic field both at room temperature and at liguid
pitrogen temperature. Activation energics for these polycrystalline samples were also

calculated.

4.2 X-ray diffraction analysis

X-ray diffraction was carried out with an X-ray diffractometer using MoKa radiation
(0=0.71069A). The dilfraction study indicated that the crystal structure of the bulk
samples were of single phases with orthorhombic peravskite structure having the
lattice parameter a=22.68 A, b=5.07 A, ¢=5.85 A Table-4.1 gives the comparative
peak position observed for polycrysialline  samples  (La-D)niMInaOsnss
(1=3,D=5r).The observed positions of the diffraction peaks are almost identical and
thus confimed the homogeneity of all the samples. Table 4.2 shows the interplanner
distance d of cach samples. which was measured by the Bragg's law of difTraction

n & =2dpg sind

dp=(nhY 2sind



X-ray diffraction pattern also indicates that the structure of the series polycrystalline

samples has not noticeable change for various doped manganile sysiems.
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Figure 4.1 X-ray diffraction pattern  for various polycrystalling samples
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Table: 4.1 X-ray diffraction peak positions for various polycrystalline samples.

X-may difftaction peak position 28(degree)
Samples

lﬂ zld 3rl 4l‘i Sﬂ ﬁﬂl TI.'I Eth
Sr3 sLag sMnsOg 1440 117.20 [ 2056 | 2560 [29.56 | 3320 | 3620 |39.60
SJ.'_!, nLal nI"r"[l‘i;Dm i4.56 17.96 20.76 2560 2076 33.56 36.50 3020
512 LaxoMn3Ohp 1452 117.96 |20.76 | 2540 [2956 |33.20 | 3648 |39.68
Sr| sLaz sMnsOhp 1440 | 17.76 |20.72 | 2540 12956 | 3324 | 36.60 |39.60 !
Table:4.2 [nterplanner distance for various polycrysiailine samples.
Samples 1 2™ 3 4" 5 6™ ™ g
Sr;sLagsMn, 0y, | 2.83520 | 2.27654 | 1.97601 | 1.62139 | 147972 | | 39108 | 1.24454 | L18455
Sr;4LasMos0,, | 281180 | 2.27654 | 1.97221 | 1.61383 1.47919 | 1.39291 | 1.242060 | L1781L
Sr,sLa; Mny0,, | 2.81189 | 227654 | 1.97221 | 1.6] 383 | 1.47972 | 1.39291 | 1.24200 | L.18498
Sry sLa:sMn,0,, | 2.83520 | 2.30971 | 1.97597 | 1.61321 | 147219 | 139108 | 1 24200 | 118498
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4.3 DC Electrical resistivity

Figure 4.2(a,b) and 4.3(z,b) shows the resistivity(m£) cm) behaviour as a function of
temperature{K) for the samples Srj sLay sMn30hg, Sryola; oMn3Oio, St2olazoMnyOig

and 5r sLas sMn3yOyg at 0T and 0.7 T respectively.

When the temperature is decreasing from room temperature the resistivity is
increasing upto a certain point but below this temperature the resistivity of the samples
is decreasing with decreasing lemperature. This indicales that the behaviour of the
material is changes from paramagnetic insulator o ferromagnetic metal [3,4] around a

typical temperature, which is called the metal-insulator transition temperature.

The transition between ferromagnetic mewallic and the paramagnetic insulating states
in the manganites S4.La,Mn;Qy is characterized by a maximum in the electrical

resistivity, which decreases in an applied magnetic field because of the suppression of

spin [luctuations.

The metal-insulater (M-I) ransition temperature of the samples is 133,13%,147,175K,
respectively in zero fields. The comesponding tansition temperatures for these

samples are found 139,]150,156,188 K respectively in an applied magnetic field of

0.77.
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Fgure 4.2:(a), Resistivty vs. lemperature for samiple 5r3slagsMnsOr, and (blresishivity
vs. temperature for sample Sraola; pMA3Or, at 0 T and 0.7 T applied magnetic field.
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Fgure 4.3:(a} Resistivify vs. temperaticre for sample Sr2olaz oMnaOrn and (Wresistivity
vs. temperatire for semple Sr1sLazsMnsOwat 0T and 0.7 T applied magnetic field.
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Figure 4.4: Comparative feature of resistivity vs. temperature curve for sample
SrislagsMnsOho , SraolarsMnsQuw , SroalmaMnsQio and SryslaxsMMnaOw at 0T

and 0.7 T applied magnetic field.

This variation of M-I transition temperature can be explained in terms of the doping
the divalent Sr with trivalent La of different values of x, which causes a conversion of
Mot to Mn™. Tt has been seen that St is non-magnetic and when St is replaced by La
the transition temperature increases favoring metaliic phase. Replacemnent of Sr with
La. non-magnetic Sr is reduced and the concentration of La {s increased. Reduction of
non-magnetic Sr may cnhance M-I transition temperature, the ferromagneiic to
paramagnetic phase  transition. For different values of x (0.5,1.0,2.0,2.5), where x is

increasing the concentration of $r is decreasing and the comresponding M-I transition
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temperature is increasing. The M-I transition may be explained with the interaction

mechanism between Mn ions.

In the case of undoped SrMnO), the jonic composition is S’ Mn*+O,%, The electronic
configuration of neutral Mn atom is 3d’4s". If trivalent rarc earth La atom is
substituted by a divalent cation such as S, the following compound Sr1+Mn4+DJ with
the Mn valence 4+ will be obtained. Thus, the Mn ijon in the StMnO; compound will
have 3-d electrons. The manganiles StMn0); is antiferromagnetic insulators. For a

partial substitution, La, Sr, MnO, (0<x<l), the mangganese ions become mixed valent,

. . a+ 5 . .
manganese fraction x in the tetravalent state Mn (3d') and (1-x} in the trivalent state

3 . . . .
Mn ¥ (Ed4 ), La, St MnMn;..O, i.e. doping causes the conversion of a proportion

I+ 44
number of Mn to Mn -

In the case of triple lavered manganites Sta.La,MnzOyo, when trivalent La ion is
substituted in place of divalent Sr the charge neutrality is disturbed. To atrain neutral
charge configuration a part of Mn valency changes from 3+ to 4+ in the foliowing
manner and results the higher ransition temperature.
Sry,*La,> Mn,"Mn,,*0y"

There is a mixed valent state of (x) and {3-x), x for trivalent and 3-x for tetravaient
state. And a double exchange interaction [1] occurs within these states. When the
doping level is increasing the concentration of Mn*" is increasing and the proportion
of non-magnetic Sr is decreasing. The conduction electron from Mn*" state jump to
oxygen p-orbital and from oxygen p-orbital to Mn™ state. This mctal-insulator (M-I)
transition may be explaincd with the interaction mechanism berween the manganese

ions. Natures of the couplings are ferromagnetic when the interaction is in berween
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Mn** and Mn™ jons, Ferromagnetic or antiferromagnetic behaviour arises for
interaction between Mn™ to Mn** and antiferromagnetic behaviour arises for

interaction between Mn** to Mn**.

Thus doping the insulating material, in which Mn*" exist, with the divalent ion Sr
causes the conversion of a proportional number of Mn** to Mn*". Because of strong
Hunds coupling, the electronic configurations are Mn“{t;fegl] and Mn‘”(tgg}cgo].
The presence of Mn"", due to Lhe doping enable the e, electron of Mn™ ion to hop to
the neighboring Mn'" ion via double exchange which mediates ferromagnetism 2nd

conduction.

In the present investigation the M-] transition temperature increase due to he external
magnetic field, because of the suppression of spin [uctuations with the applied
magnetic field in the paramagnetic region above T,. The external magnctic [ield
enhances spin order that ultimately decrease the resistivity and results higher transition

temperature.

Table: 43 M-I transition temperatures T, both at 0T and at 0.7 T appiicd magnetic
tield for various polycrysialline samples.

Samples Transition Transition Resistivity Resistivity
temperature{K) | temperature(i) | (mi2 cm} {mi} cm)
Without field With field Withont field | With hefd
0T 0.7T 0T 0.7T
SrysiagsMin:Ogg [ 134 139 2640550 2546004
Sl’j_ﬂLﬂmMﬂ]Dm 139 150 3017.74 2721.73
SraglazohingOng | 147 156 2478 90 2203 86
S sLassMnyOye | 173 188 1031.73 08371
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. . . : »
In these polycrystalline samples there is a relation between Lhe concentration of Mn
state and the Lransition temperature. From Lhe previous investigation it has been scen

that conduction electrons in Mn™* state are respensible for interaction mechanism. Due

to doping there is a mixed valence manganites of Mn'* and Mn'. When the doping

level increases the concentration of Mn”* ion is increases. The hopping of eg electrons

* 4+, . . . . .
from Mn  to Mn is also increases which ultimately causes higher transition

termperature and mediates the ferromagnetism. Acconding to higher concentration of

MJ13+ ian the transition temperature is increasing i.¢. favouring the metallic behaviour.
4.4 Magnetoresistance as a function of applied magnetic field

The magnetoresistance MR is delined as,

200

MR%=

Where p(H) and p(0} are Lhe resistivities in the presence and absence ol magnetic

field, respectively.
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Figure 4.5: Magneloresistance as a function of magnetic field at room temperature for
various polycrystalline samples sintered at 1100°C for 5 hour
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Figure 4.6: Magnetoresistance (MR as a function of magnetic ficid at 78k for various
polycrystalling samples sintered at 1100°C for 5 hour.
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The MR as a function of magnetic ficld for al} the samples was oblained al mom
iemperature and ar liquid nitrogen temperature. Room temperature MR is found o be
very low alinost 1.5%~2%, and is almost linear with ficld, which is shown in
fig.4.5.At 78 K there is & sharp decrease in MR at low applied magnetic field. At low
temperature {78 K} the ficld dependence of MR exists for an applied field of upto H
as shown in fOgure 4.6. The wnagnetic field H" designates the boundary of the two
slopes. Beyond H' the magnetoresistance is a weak function of the applied magnetic
field. We observed about 10% ~ 17% MR at H'= 0.15T~0.20T. About 12.00% of the
MR is observed at H'= 172mT for Sty sLa; sMn3010. The total magnetoresistance for
this sample is 19% under the application of 860-mT magnctic ficlds. As sugpested by
Pignard et.af. {1998) [2] such behaviour is associazed with domain rotations caused by
the applied ficld. This behaviour is due to the faet that the materials are subdivided
imo domains and low applied field s quite sulficient to align the domain spins and
thus a sharp de crease in MR is observed. But o align the misaligned spins at the

domain boundary region requires much larger field leading to weak field dependence

Table 4.4: H' at 78 K for various polycrysalline materials.

Sample Maximum H (mT) MR%: Maximum
H{mT) MR%

Sr3 sLag sMn;Oyp 204 17.63 12.00

Sryobag o MOy 860 156 14.00 ia.12

Sz plazoin; Oy 200 10.50 12.36

Sy sLag shns Oy 172 13.00 15.10
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The two slopes of MR at low lemperature were explained by Hossain ef. o/, [3] in the
following grain and grain boundary model. At T<<T., the material is in ferromagnetic
domain or region. However, in the absence of (ield the magnetization of the grain of
polycrystallinge material will be like that of figure 4.7 (a). Also the individual spins at
the prain boundary region are randomly oriented. In the absence of field, a carrier will
suffer scatering from the unaligned magnetic domain, as well as disordered spin at the
grain boupdary region. By applying a low magnetic field, the magnetization of each
grain slarts to align wowards the direction of the external magnetic field as shown in
figure 4.7{b). For H<H’', the MR changes rapidly with H but beyond H MR was a
weak function of applied magnetic field. This may be due to the reason that material is
subdivided into domains, iow lield is quit sufficient to align the domains spins and
thus a sharp decrease in MR is observed. However a large magnetic feld is required 1o
align the spins in domain boundaries as shown in figure 4.7(¢) leading to weak feld

dependence.

@ W e g =

Figure 4.7 Explanation of the two slopes MR at low temperature (T<Tc){5]
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4.5 Magnetoresistance as a function of temperature

All the samples show magnetoresistance (MR) as a function of temperature. Figure 4.8
shows MR as a function of temperature for Srislags MniOp Srzglags !";'Ingﬂm,
Stz 0Lz MmChg, St sLass MnzOyg sintered ar 1300°C for 1 hour. All the MR(T}
curves were taken in presence of 0.7T applied magnetic ficld. Most of all shows low

temperaturc MR, which increases linearly as the temperature decreases within the

temperature range of 78K and 300K.

MR%

Sr”La”MnaDm

SranLamM“aDm

SrE ﬂLaE DHHED‘W
Sr, ELEEEMI"I Dm

3

4 F & B

T

50 100 150 200 250 300

Temperature{(K}

Figure 4.8:Magnetoresistance as a function of temperature al constant magnetic field 0.7T is
shown for the samples SrasLngs MuzOro, Sraolare MunsOho, Srzelazs MuzOweand Srislass

Mns;Omn
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4.5 Activation energy

The activarton energy of a reaction is the amount of energy needed 1o start the
reaclion, It represents the minimum ¢nergy needed to form an activaled complex
during 2 collision berween reactants. In slow reactions the fraction of molecules in the
system moving fast enough to form an activated complex when 2 collision occurs is
low so that most collisions do not produce a reaction. However, in a fast reaction the

fraction is high so that most collisions prodiice a reaction.

The activation energy which explain the insulating —like behaviour of resistivity at
temperature above Tp, can be calculate from the slopes of straight lincs using the

relation.

7~ po €xp (Eo/’KgT)

where , Ey is the activation energy and Ky is the Bolizman constant. In figure 4.9 In
p{T¥p(0) is plotted as a function of I/T for various divalent alkaline doped sample at
both without magnetic field and with megnetic [ield. The temperature region is
constdered from transition temperature to room temperature. The values of activation

energies are shown in table 4.6.

The activation energy is then given by

Ex=In[p{T}p(0))/1/T.Ks =slopexKg

7



Table: 4.5 Activation energy {m €V.) of the polycrystalline samples.

Samples Applied magnetic field (0T) | Applied magnetic field (0.7T)

St3sLagsMmQpe | 58.37 4532
SryoLaroMmOn | 41.84 38.63
SrioLazgMn;Oie | 38.81 35.31
Sty sLazsMmOyp | 14.56 13.45

All the samples show very good lingar behaviour in the In(p(T)/p(0) which suggest

that conduction occurs through a thermally activated process.
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CHAPTER 5

CONCLUSIONS -

In present rescarch work, lthe magnetoresistive propertigs of the tripled layered
perovskite manganites of SreLaMn;0,o were studied, where x=0.5,1.0,2.0,2.5. All
the samples were sintered at temperature 1100°C for 5 hour. The DC electrical
resistivity of all the samples were measured from room temperature (300K} down 10
liquid nitrogen temperaturc (78K}, by using swandard four probe van der Pauw
techniqgue for both OT and 0.7T magnetic field respectively. Also the
magnetoresistance measurcment were carried out as a function of magnetic field H,
keeping (he temperature constant {both rcom temperature and liquid nitrogen

temperaturce).

X-ray diffraction analyses show that the samples are homogeneous and singie phase. It
was observed that with the decrease in temperawre. the resistivity of compounds
SI'} 5[,.&95Mr13[}|[;, 53 uLﬂLm"I-"l.l'l;Dm, 51’3 q}[..ag gMI‘I;Dm and Sryslaz 5Ml‘13[}|u, were
increased reaching a maximum value at a cerain temperatore. With further decrease in
temperature the resistivity get decreased. This temperature is the memal-insulator
transition temperature and is generally very close to the curie-temperature T, the
ferromagnetic to pammagnetic phase transition 1,. When divalent strontium is doped
by trivalent lanthanum a mixed valence of manganites of Mn™* and Mn*" arises. With
increasing doping concentration the content of Mn™™ increases and the corresponding
transition temperature (T,) is also increases. i.e. transition temperature 18 maximum for

the doping concentration x=2.5.

All the samples undergo a transition from an insulating to a metallic behaviour as the

temperature is decreased from room temperature and the transition temperature varies
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leading to the appearance of ranspont behaviour like metal-insulator transition in the

present investigated samples was explained within the frmework of Zencr double

exchange mechanism.

It has been seen that Sr is nen-magnetic and when Sr is replaced by La the transilion
temperature increases favouring metallic phase. Replacement of 5r with La, non-

magnetic Sr is reduced and the concentration of La is increased. This ferromagnetic

coupling enhances T, the ferromagnetic to paramagnetic phase transition.

The reststivity vs. temperature graphs with and without field show similar behaviour
except the enhancement of M-l transition temperature by few Kelvin. This would be
duc to the suppression of spin fluctuations with the applied field in the paramagnetic
region. The external magnetic field enhances spin order that ultimately decrease the

resistivity and results higher transition temperature.

All the samples exhibits two distinct slopes in MR as a function of applied magnetic
field. Highly sensitive low field MR was observed upto an applied magmetic field
H'.For H<H" the MR changes rapidly with H. Beyond H'. MR has a weak dependence
in applied magnetic field. This low field MR 15 expected due to polartzation of
clectrons in magnetically disordered regions near the domain boundaries. However a,
large magnetic Neld ts required to align the spins of the grain boundary region

resulting in a weak dependence on H.

Ihe plot of In p/p{0} vs. 171 suggest that conduction occurred through a thermally

activated process above the Lransition temperature,
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