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Absiract

Polycrystalline samples (1.4, sDyy:Srz)Mnz NiyTe,Or  (with x=0.0,0.1,00.2) were
prepared using the conventional solid-slate reaction technique and sintersd at temperature
1100%C for 24 hours in air. Phase pusity and siructure were checked by powder X-ray
diffraction {XRD) using the MoKu radiation (A= 0.710689 A).For the structure
determinarion, dilfraction patlerns were recorded in the 28 range from 10° to 70°.The DC
electrical resistivity for various polycrystalline samples was measured from room
lemperature down Lo liquid nitrogen temperature both at zero feld and at applied
magnetic (ield of 0.7T using four prebe method. In the present invesligation it is observed
that all the samples showed meta! insulator (M-[) transition with a peck in Lhe electrical
resistivicy around M-I transition temperature T,. With the increase of Ni or Fe doping the
resistivity increases but M-I transition temperature T, decrcases. M-l (ransition
temperature Ty also increased in presence of 0.7T magnetic field. Magneloresistance
(MR} measurements were camried out in 2 magnetic field of 0.7T in the temperature range
of 77K to 300K, The MR behaviour was discussed as a function of magnetic field both at
Toom temperature and at liguid nitrogen temperalure. Room iemperature MR is found io
be very low, almost 0.11%~1.69% and is almost linear with field. A lerge value of MR is
observed at 78K in the presence of low applied magnetic field. The higher percentage of
Fe and Ni in these compounds enhances paramagnetic insulating phase. The plot of
Infp/pa] ¥s T curve means that the conduction occurred through a thermally actlivated
process above the ransition temperature.
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CMR -Colossal magnetroresisiance

GMR -Giant magnetroresistance

MR -Magnetoresistance

XRD -X-ray diflraction

Tp -Phase tmansition temperature

Te -Curie-Wiess transition lemperalure
T -Neel temperaturs:

*C -Degree centiprade

K -Kelvin

eV -Electron volt

Ka -Bollzman constant

Ty -Hund’s exchange imeraction

GB -(irain boundary

JT -Jehn-Teller distom

e, -Two-fold degenerate state (doublet state)
ta, -Three-fold degenerate stale

DE -Double exchange '

FM -Ferromagnetasm

PM -Paramagnetism

AF -Antiferromagnetism

Mi -Metal-Insulator transition

TCR -Temperature coefficient of resislance
CFS -Crystal Field Spiitling

T™O -Transition Mew! Oxide

HTSC -High temperature Superconductar

LFMR -Low Field Magnetroresistance
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Chapter-1 S
Introduction

This thesis deals with the study of the magnetoresisive properiies in double-layered
perovskites (La, sDyo 281, 2)Mno Ni/Fe07 {with x=0.0,0.1,0.2).Like prototype materials
R.AMnO; where R is a trivalent rare-earth calion (e.g La, Pr, Nd, Gd, Sm, Ho ¢tc) and

A is a divalent cation {like Ba, Ca, Sr et¢).

A tremendous inlerest has grown in megnetotransport phenomena in magnetic oxides in
recent years Studies were stimulaled by the discovery of colossal magnetoresisiance
{CMR) in farromagnetic perovskite of the type La;..S1;MnO; [1]. The manganites display
a rich phase diagram [2] es a funclion of temperature, magnetic field and doping that is
due to the intrcate interplay of charge, spin, orbilal and larlice degrees of freedom.
Recently, the Ruddlesden-Popper {12 ST 1MnqO341; perovskites based mixed valence
layered manganiles [3,4] also have been the subject of intense research efforts. Potential
applications of the CMR effect in mixed-valence manganites include magnetic sensors;
magnetoresistive read heads, and magneloresistive random access memory. After the
discovery of CMR in some manganiles marerials [5,6], enormous number of
experimental and theoretical studies have been carried out in order to understand the
CMR phenomenon end furthermore to explore this upique property for potengial
applications. Bnt till now CMR is found or: a magnetic [ield scale of several teslaand et a
very low temperature, which is not very appealing for applications.

Double exchange [7-11] has been feawred prominently in the discussion of the
fascinating properties of the CMR materials. Within the donble-cxchange model it is
assumed that the presence of Mn** due to the doping, enables the e, electron of a Mn®*"
ion to hop to Lhe neighboring Mn*" ion which ultimately mediates ferromagnetism and
condnetion. To date, much of the exploration of the CMR maierials has been done
through doping of the La sites, which brings about lattice effects, and nltimately
influence the double exchange. However, very few studies have been conducted in
doping the Mn sites, which are at the heart of the double exchange.



Recently, the double-layered manganites of nominal composition Laz.z311+:Mn207 has
hecome of special interest since they show an extremely rich variety of magnetic
structure as 4 function of doping and since Lhey allow for the study of dimensionality
effects on the electronic and magnetic properties in the doped CMR manganites. Large
MR has been observed for LapStiaadMnyOz [12]. It was found that the layered
manganites structure such as single crystals of La, gSr) 2Mnz0+ and La, 251 sMno0; [12]
also leads to an enhanced low field CMR effect. In these cases, the magnetic coupling
between 1 local spins in the MOy bilayers is at least an onder of magnitude stronger
than that of interbilayers. The layered manganites Laz 2,Sr;+25Mn; ()7 ace the 1=2 member
of the Ruddlesden-Popper series (Laj Ay )n+1MnOsn which can be thought of as
perovskile blocks of n layers separated by a rock-salt (LaA)0; layer which decouples
the blocks electrically and magnetically[13] .

Asano et. al. [14] measured giant magnetroresisiance of a two-dimensional ferromagnet
Lay., CajspMnyO+ have been successfully synthesized and investigaled with respect to
their magnetic and electrical properties. It was found that Laz 2,Caj 2 Mn07{x=0.23) is a
melallic ferromagnet with a magnetic Lransition temperature T; of 215 K.

Dorr . al. [§5] measured magnetoresistance of polycrystalline Laz 2,571 2xMn; 04 mixed
valent (Mn’*/Mn*") mangeniles. Temperature and field dependence of megnetization and
of electrical resistivity have been measured between 3 K and room lemperature. From
room temperature down to mctal-insufator wansition temperature, thermally activated
behavior was found for both samples. The metal-insuletor transition temperature roughly
coincides with the curie temperature obtained from magnetization measurements. The x
=5 compound orders entiferomagnetically near Ty = 215K, showing a sesistivity
enhancement there. The resistivity of the x = 0.4 compound shows a field dependence ar
low temperature similar Lo that found for polycrystailine Lag 75t sMnO;.

Philip. et. al. [$6) investigates microstructure and magnetoresistance of epitexiat films of
the layered perovskite Lajy3,Sra2Mn07 (x = 0.3 and 0.4} by laser molecular beam
epitaxy on NdGa(); and SrTi0; substrates. For x = 0.4, both the ab-or in-plane resistivity

£, 85 wel! as the c-axis or om-of-plane resistivity o, qualitatively show a ferromagnetic



melal (FM) Lo paramagnetic insulator (P} transition around 120 K [12,i7]). For =0.3, two
separate magnetic lransitions occur a1 270 K and 90 K which have been attribuled to the
presence of 2D and 3D magnetic comrelations, respectively [18]. Philip. et. al found that a
comparison of magnetotransport measurements within the ab plane and elong the c-axis
direction showed an intrinsic c-axis tunneling magnetoresisiance effect associated with

nan-tinear current-voltage characteristics for the x=0.3 compound.

Shimakawa et. al.[19] in (heir investigation measured giont magnetroresisiance in TI
M, O with the pyrochlore structure and found that near 7. the applied magnelic field
tends to align the local spins, and then electron transfer increases. As a result a sharp
resistivity decrease is observed. Powder samples of TI; Mn;Op (~500 mg) were
synthesized by solid-stete reaction method, Shimakawa et. al found that Mn 3d orbitals
are split into t; and e, staes by the crysial field. Although hoth perovskite amd
pyrochlore manganese oxide structure consists of MnOg octahedra with vertex sharing,
these structures have different networks. In a pyrochlore siructure, the MnOg or Mn;Os
with a Mn~0-Mn bond angle of ~130° In a perovakite structure, in contrast, has a simple
cubic network of MnOg with a nearly 180" —bond angte.

In the measurements ol Asano el al, [14], Do et al.{15], Phifipp et. al.[16] and Basith et.
al{20] the exhibiled etectric and inagnetic transport properties were described either by
traditional double exchange mechanism based on the mixed Mn’*/Mn‘" valence state ot
by dynamic Jahn-Taller lattice distortion due to different atomic sizes of Lhe cations.

Most recenily, huge experimental work [21-24] is being performed again on the rare earth
manganites of the type Ry AMnO; or Ry A MmF0:(F=Fe, Co, Ni, Cr) to investigate
the (ranspori properiies fike electron-electron, eleclron-phonon, eleciron-magnon
scarlering process in the low temperature metallic phase {T<Tp) and the nature of hopping
conduction in the high lemperature insulating phase (T>Tp). In spite of emormous
experimental research work on prototype materials {24-28], Lhe conduction mechanism of
CMR malerials below and above T, is not well undersiood. On the contrary, this kind of
research is quile inadequate in bilayered perovskites Rz axAMnyOn.



in the present work, the Fe and Ni doped (LajsDyp.25n 2 )MnzNie / FexOxx
=0.0,0.1,0.2) pcrovskile was prepared to imvestiatc the elecirical transport and
magnetoresistive properties from room lemperature down to liquid nitrogen

temperature. It is found that all samples display an M-I transition depending on Mn

content, thus lemperature dependence resistivity data was analyzed to know the scattering
process helow M-J transition temperature and the hopping comduction sbove M-J

transition femperalure,

The magnetic moment of Fe and Ni is 2.12 4y and 0.62 1 respectively, whereas the
magnetic moment of Mn** and Mn*" is 45 and 3 iy respectively. Previous sudies
showed (hat the ferromagnetic io paramagnetic transition lemperature (T} of layered
manganites like Laz.zSt112Mn;07 (x=0.3-0.4} is around 125K [29] but the ferromagnelic
transition temperature of Fe and Ni is 1043 K and 627 K, respectively. The same ionic
radii of Fe** and Mn®* may not cause any structural change but may suppress strongly the
charge ordering. So when Mn jons are replaced with Fe and Ni, the magnetoresistive
properiies, ferromagnetic metal to paramagnetic insulator transition lemperature of the
investigaled compound would change due to the change in the size of the ions, change in
magnetic moments, high curie tempersture and also due to the swenglhening or
weakening of the double exchange interaction between two unlike jons. In the present
investigation, the results of an experimental study of the doping of the Mn sites by
ferromagnetic Fe and Ni in {(La, ¢DyoSt; 2)(Mny Fe,)0; and {La, sDyg+Sr; 2)(Mn,.
Ni )0, with x =0.0, 0.1, 0.2 in respect of their magnetoresistance as a fimction of
magnetic field both at room lemperature (RT) and liquid nitrogen lemperature, resistivity
as a function of iemperature (RT o 78K) both at zero field and at an applied magnetic
field of 0.7T and thermal activarion energy and variable- range hopping behavior in the
paramagnetic state have been investigated.

Objectives of the present study

+To study the effect of substitution of Mn by Ni/Fe in electrical transport and
megnetoresistive  behavior of  polycrystalline  (LajsDyg.25e 2}MnzNi/Fe,Oq
{(x=0.0,0.1,02).



+ To improve the value of Lransition temperature.
* To understand the mechanism of CMR propertics i these materials.

Skeich of the contents
In this disserwation the preparation, chamcterization and magnctoresistive properties of

the polycrystalline sample {La /Dyq.28r) 2)Mno Ni/Te, 07 (x =0.0,0.1.{.2) is described.

Chapter 2 Gives a brief description of the cxisting theories and mechanisms of CMR

manganiles.

Chapter 3 Describes the details of the sample preparation and experimental lechniques
used in the present invesligation.

Chapter 4 Presents results on magnetoresistive properties of polycrystalline sample
({Lﬂl @Fuizﬂrtj}MH}xNiﬂfFﬁﬂ? l:]l'. =U,U,U. 1,{"2}

Chapter § Summarizes the findings of this dissertation.



References

[1] von Helmolt R., Wecker J., Holzapfel B., Schnkz L., and Samwer K., , “Giant
negalive magnemoresistance in Perovskite LaznBajaMnO, ferromagnetic films”, Phys.
Rev. Rett. 71,2331, {1993).

[2] Schilfer P., Ramirez A.P., Bao W. and Cheong S-W., “Low temperslure
magnetroresistance and the magnetic phase diagram of La;..CaMn0;"., Phys. Rev. Lett.
75, 3336. {1995).

13} Asano H., Hayakewa J. Matsui M., ‘Giant magnetroresistance of a two- dimensional
ferromagnel Laz 2,Caj2:M:04 °, Appl. Phys. Lett., 68,3638. (1996).

[4] Welp U., Berger A., Viasko-Vlasov V.K., Li Q., Gray K.E, and Mischell 1F.,
“Magnetic anisomopy and domain structure of the layered manganile Laj 316511 ssMn2 0y’
Phys. Rev. B 62,8615.(2000).

5} von Helmolt R., Wecker J., Haupt L, end. Bamer K., ‘lntrainsic gient
magneiroresistance of mixed valence La-A-Mn oxide (A=Ca, 51,Ba)’, Journat of Applied
Physics, 76 (10),6925. (2000)

[6] Coey, J.M.D., Viret M., and von Molnar §., ‘Mixed- vaience manganites’ Advances
in physics, 48(2),167. (1999).

[7} Zener C., ‘Interaction between the s-shells in the ransition meals: ferromagnelic
campounds of manganese with perovskite structure’, Phys, Rev. 82 403, (1951).

[8] Anderson P.W. and Hasergewa H., ‘Considerstions on double exchange’, Phys.
Rev.100 675. (1951).

[9] de Gennes P-G., “‘Effects of donble exchange in magnetic crystais” Phys. Rev.118
141, (1990).

[10] Searle C. W. and Wang S.T., ‘Studies of the iontc ferromagnet (La,Pb)MnQ);, V.
Electric transport and ferromagmetic properlies’ Can. J. Phys. 48 2023.

[11] Kubo K, and Ohala N. ‘A quantum theory of double exchange’, J. Phys. Soc. Japan
33 21.(1972)

[12] Moritomo Y., Asamitsu A., Kuwahara H., and Tekura, Y. “Giamt magnetroresistance
manganese oxides with a layered perovskitc strecture”, Nature, {London) 380, i41
(1996).

f13} Rnddlesdon S.N. and Popper P., Acta, Cryst. 11, 541 (1958}



[14] Asano H., Hayakawa J., and Matsui M “Magnetoresistance in thin films and bulks
of layered-perovskite Laz»:Cai2,MnzO7”, Appl. Phys. Lett. 70, 2303 (1997).

115] Dorr K., Mufler K.-H., Ruck K., Krabbes G., and Schuitz L., “Magnetoresistance of
polycrystalline layered manganites Loz2:8r142,Mn207", J. Appl. Phys. 85, 5420 (1999).

[16] Philipp JB. Klein J, Recher C., Walther T, Mader W. Schmid M.,
Suryanarayanam R., ANY L., and Groas R., “Microstmicture and magnetroresistance of
epitexial films of the layared perovskite Lag.2,:81+5:M0207 (=03 and 0.4)", Phys. Rev.
B 65 18441 (2002).

[17) Imada M., Fujimori A., and Tokura Y., Rev. Mod. Phys 70, 1039 (1998).

[18] Kimura T., Tomioka Y., Kuwahara H., Asamitsu A., Tamurz M., and Tokura Y.,
Science 274, 1698 (1996).

{19] Shimakawa Y., Kubo Y., and Monako T., “Giant magnefroresisiance in T1:Mn2O;
wilh the pyrochiore structure™, Nature (Japan) 379, 53-55 (1996).

[20] Basith M.A., and HUQ M., “Magnetoresistive properiies of Gd Doped Lanthunum
Sironlium Manganites”, Journal of Ultra Chemistry, Yol. 1, NO. 2, 29-36, 2005,

[21] Jiyu Fan Li, Pi Sicheng Liao, Yuheng Zhang, Journa! of magnetism and magnetic

malerials (article in press). Available online at www.sciencedirget.com.

(22] Sudipta Pal, Esa Bose, B.K. Chaudhuri, H.D. Yang, S. Neeleshwar, Y. Y. Chen,
“Effect of Ni doping in rare-earth manganite Lag:Pbg sMn ,NiO; (x=0.0-0.5)", Joumal
of magnetism and magnetic materials, 293, 872 (2005).

[23] Arita Baneriee, S. Pal, and B.K. Chaudhuri, *Nature of small-polaron hopping
conduction and the effect of Cr doping on the transport properties of rare-earth manganite
Lag sPby sMn,,Cr, 04", Journal of Chemical Physics, 115, 1550 {2001).

[24] Li Pi, Lei Zheng, and Yuheng Zhang, “Transport mechanism in polycrystaliine
Lﬂu.ujsl'n ]ruMm__tCu,‘Og“, Ph}’ﬂ Rev. B, 61, Ba17 (2{10[]]


http://www.sciencedirecLcom.

[25] Jeffrey Snyder G., Hiskes R., Dicarolis 5., Beasley M. R., and Geballe T. H.,
“Intrinsic electrical transpont and magnetic propenies of Lag&CaynMnO; and
Lag &75t; :3M003 MOCVD thin [iims and butk material”, Phys. Rev. B 83, 14434 {1996).

[26] Teresa D J. M., lbarma M. R., Blasco J., Garcia ), Mamguina C_, and Algamabel P.A.,
“Sponaneous behavior and magnetic fickd and pressure effects on LainCa)sMnQO;
perovskita”, Phys. Rev. B 84, 1187 {1996).

[27] Urushibara A., Moritemo Y., Arfima T., Asamitsu A, Kido G., Tokura Y, “Insulator-
metal transilion and giant magnetroresistance in L&;..S6Mn0y", Phys, Rev. B §t, 14103,
(1995).

[28] Schiffer P., Ramirez, A.F. Bao W. and Cheong S. W., “Low temperature
magnetroresistance and the magnetic phase djagram of La, .Ce,Mn0;", Phys. Rev. Lett.
75, 3336, (1995)

[29} Philipp J.B., Klein J , Recher C, Walther T, Mader W, Schmid M, Suryanaranan L.
AMFand R Gross, £2002), “Microstructure and Magnetoresistance ol epitaxial [iims of the
layered perovskites Las 5,81 s24Mnz07 (x=0. and 0.4 }",Phys. Rev. B, 65 [34411.



Chapter-2

Literature review

In this chapier, briel descriptions of the basic issues of colossal magneinrlesismncc
{CMR) in manganites are given. Theoretical explanations of CMR materinls including the
electronic struclure of Lhe manganites are described briefly. The bulk magnetic and
transport properties of manganites and various phase diagrams as a function of doping,
temperature, extemal magnetic Tield and hydroslatic pressure etc. are also presented here.
Various models such as double exchange theory, Jahn — Teller eflects, vaniable range
hopping in manganites, ¢lectron correlation effects are discussed briefly. Various models
of low temperature magneloresistance and grain boundary magnetoresistance in Lhe
doped manganites are alse discussed here.

2.1 Emergence of a new type of magnetroresistance:

Colossal magnetmoresistance (CMR)

Anoiher magneloresistive material which has drawn considerable atiention in Lhe last
decade are the unique inminsicaily layered perovakite (ABO; type) manganites of Lhe
form RE;.,AExMnQ;, where RE is a trivalent rare carth element e.g La, Pr, Nd, etc, and
AE is divalemt alkaline earth element e.g. Ca, Ba, Sr, etc. Chuhars et. al.(1993) [1], von
Helmhottz et. al.(/993) [2] and Jin et, al.(1994) [3] observed a high magneloresistance in
these doped rare carth manganites {bulk as well as thin films) in a magnetic freld of
several 1esla {(~6T).

As the physical origin of the magnetoresisiance in manganites was compleiely different
from the Giant magnetroresistance effect (GMR}, and hence Lhe term colossal was coined
[3] to deseribe the effect. The initial interest in the potential applications of colossal
magnetroresisiance was soon prompted by the complexity of lhe materials. In Lhese
malerals, the inieraction between the elecirons and latlice vibrations (phonons) is usually
strong, teading to a wide range of striking physical phenomena and most crucially, can be



luned over a wide range by variation of chemical composition, temperature and magnetic
fietd[2]. These materials therefore provide en unprecedented opportunity to study the
poorly understood physies of systems in which a high density of electrons is strongly
coupled 1o phonons that demand a microscopic and ultimately atomic characterization of
structure, electronic structure and dynamics. The relationships between these structural,

elecironic, magnetic and optical properties are (o be explained in a systematic way.

The research has given rise to imporiant physical concepts, such as double exchange
mechanism and the Jahn-Teller polaron, optically and electrically induced magpetic
phase transitions, colossal intrinsic megnetroresistance and grmin  boundary
magnetroresistance. The rich electronic phase disgrams reflect the balance of imeraction,
which together determine the electronic ground stale. Their properties have been studied
for vears, bolh theoretically and experimentaltly, but a complete understanding remains

elusive.

2.1.1. Giant magnetroresistance (GMR}

The Giant magnetroresistance (GMR} was discovered in 1988 independently by Baibich
el abf4] in Paris and Binasch ct. al [5} i Julich. It is the phenomenon where the
resislance of certain malerials drops dramaticaily as a magnetic field is applied. It is
described as Giant since it is a much larger effect than hed ever been previously seen in
metals. It has generated interest from both physicists and device enginecrs, as there is
both new physics to be investigated and huge technological applicalions in magnetic

recording and sensors.

The GMR effect is most usually seen in mapgnctic multileyered structures, where two
magnetic tayers arc closely separated by a thin spacer layer of few nm thick. It is
analogous to a polarization experiment, where aligned polarizers allow light 0 pass
through, but ¢crossed polarizer do not. The Arst magnetic layer allows electrons in only
one spin state Lo pass through easily - if the second magnetic layer is aligned then that

spin channel can easily pass throizgh the structure, and the resistance is Jow. If the second

19



magretic layer is misaligned then both spin channets can get through the siructure easily
and the elecirical resistance is high. The GMR effeclively measures the difference in
angle between the two magnetizations in the magnetic layers. Small angles {parallel
alignment) gives a low resistance, large angles (anti paraliel alignment) gives a highsr
resistance. [t is easy to produce the stale where the two magnetic layers arc pamllel
stmply apply a field large enough to magnetically saturate both {ayers.

The GMR elfect was originally discovered in molecular beam epilaxy grown epilaxial
(100) oriented Fe/Cr/Fe sandwiches [18} and Fe/Cr multilayer {4] but lhe effects were
quite modest at room temperature. Shortly afterwards it was discovered thet similar
effects could be found in polycrystalline sputtered F&/Cr multilayer and subscquently
very large room lemperature MR was found in Co/Cu and related multilayer [6-8]. The
GMR has also been observed in a varety of inhomogeneous granutar {clusters and
alloys) systems predominatety comprised of Fe, Co, Ni and their various alloys in Cu, Ag
and Au matrices [9-11]. In granular magnetic systems, where small ferromagnetic grains
(e.g. Fe, Co, Ni etc.) are embedded in an immiscibie insulaling matrix, the macroscopic
properties depend on the metallic volume fraction *x’, the grain size and inler granular
distance. When 1he reletive orientation of grain is anli parallel, it results in a minimum in
conductance. When anti parallel grains are forced to be parallel by the application of a
magnetic field, conductance increases and results in large magnelroresistance [12,13]. On
the other hand, in magnetic multi layers spin dependent scattering (SDS) at the inlerface
is responsible for the GMR effect [14}].

Grunberg et. al.(1986) [15] have observed MR in thin film multi layers comprising of two
layers of Fe, and Cr layer sandwiched between them. The report of Gruenberg went
unnoticed by most researcher Lill Baibich er. al.(1988) [4], independently observed a drop
in resistivity of almost 50% in anilicially engineered multi layers by application of
external magnetic field and named the phenomencn as Giant Magneloresistance (GMR}).
Parkin er.al.{1995) [ 16] have found that the relative oriemation ol the magnetic momenis
ol two neighbouring Co (magnetic) layers depends on the thickness of Lhe imervening

spacer Cu (nonmagnetic) layer.
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2.1.2 The pheromenon of magnetroresistanee

Revent years magneiroresisiance has been the cemre of many investigations due lo
applications in magnetic storage and sensing device. The resistivity of some materials is
greatly affected when the material is subjecied to 2 magnetic field. This phenomenon is
known as magnetroresistance.

Magnetoresistance {MR) is defined s the change in the electrical resistance produced by

the application of an external magnetic field. It is usually given as a percentage. Ji can be

percentage by the equation given below

MR%:—p{H}_ “)xlm

0

Where o (H) is the resistivity in an applicd megnetic field and ({0} is the resistivity in
the absence of a magnetic field (at zero [ield). With this definition, the magneloresistance

has a maximum value of 10025,

MR can be negative or positive. In non-magnetic pure malerials and alloys MR is always
positive and MR shows a quadratic dependence on applied magnetic fieid. MR can be
negative in magnetic materials because of the suppression of spin disorder by Lhe
magnetic field i,e. the application of a magnetic field causes a dramatic decrease of the
resistivity. Heterogeneous ferromagnetic meterials such 2s thin [lm multi layers and
cluster-atloy compounds display large MR referred to as giant magnetic resistance
(GMR).Usually, the magnitude of the magnetic field Lhat is necessary to get this large

magnetoresislance mnge is in order of several tesla.

All metals show some MR, but upio only a few percent. Nonmagnitic melals such as Au,
exhibit small MR, but the magnitude is somewhat greater (upto 15%) in ferromagmetic
metals such as Fe and Co. The semimelal Bi atso shows ~ 18% MR in a transverse [ieid
of 0.6T, which rises to a 40-fold change at 24T {17]. Cu is more typical in that the same
very powerful field (24T) gave rise to change of only ~2% at room lemperature. This is
the classical posilive magnetroresistance that varies as B* (B = applied magnetic field) in
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half metaltic ferromagnets such as CrQ;, Fes0; at low lemperature [18]. it is absent in the
free electron pas [19] but appears when the fermi surface is non-spherical. This MR
originates from the impact of the Lorentz force on the moving charge carriers similar to
the Hall effect. Its value is ~ 10% at 10T. A classification of megnelroresislance
phenomenon is based on the distinction familiar in magnetism between intrinsic
properties such as anisotropy consiants, which depend only on the crystat structure,
composition and purity, and exirinsic properties of manganites.

2.2 History of manganites

In 1950 Jonker and Sanien [20-22] described the preparation of polycrystalline
manganiles sample of (La,Ca)MnOs, (La,.S)MnO; and {La,Ba)MnO; and reporied
ferromagnclism and anomalies in the conductivity at the curie temperature with variation
in lanice parameter as a function of hole doping . Few years later Yolger [23] observed a
notable decrease of resistivity for LaggSrg2Mn0); in ferromagnetic FM state, in applied
magnetic field. Soon afler a significant research effort have siarted on the studies of low
lemperature measuremetit in magnetic, such as specilic heal, magnetization, dc and ac
resistivity, magnetoresistance, IV curves, dielectric constant, Secbeck effect and Hall
effect [23,24],

In 1955 Wollan and Koehler [25] carried out extensive neulron diffraction study to
characterize and draw the frst magnetic struciures of La; CaMn0O; in lhe entire
composition mnge .In that time they were among the [irst to use the technique of neutron
scatlering to study magnetism in materials .They found that in addition to FM phase

many other intercsting antiferromagnetic phases were also présent in manganites.

In 1979 Jirak et, al. [26] and in 1982 Pollert et. al. [27] studied the structure and magnetic
properties of another very popular manganites (Pr,Ca) MnO; by X-ray and neutron
diffraction technique. They observed charge-ordering phases which are totally different
from ferromagnetic phases of olther manganites.
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1n 1990 a burst rescarch activity on manganites staried because of the observation of
large magneloresistance. In 1989 worked by Kusters 28} on bulk Nd; sPby sMn0Q; reveais
the large MR effect at room temperature. In 1993 another work by von Helmholz et. al.
[2] oo thin films of LaysBa; sMnO; also revealed a large MR effect at room temperature.
In 1993 Chahara [1] wes reached the similar conclusion using thin films of
LagCauMnO, and in 1994 fu et al. [29] for films of La;..Sr:MnO;. They all observed
MR values for Jarger than those observed in artificiaily engineered multifayers (GMR)
[16].

In 1994, Jin et. al. [3] reported the same that it is possible to reduce the resistivity by
several orders of magnitude under the application of very large magnetic field in hole
doped manganese oxide perovskites near the curie termperature T.. The lerm colossal
magnetoresistance (CMR ywas coined to make & distinction with the GMR found earlier
metallic super lattices by switching the external field{4,30,6].GMR is caused by
introducing interface in spin polarized conductors and is restricted below T, whereas
CMR is a bulk property which originales from magnetic ordering and is usually confined
to the vicinity of T.. In panticular, Jin et ¢/ [3] reporied meximum values of around
100,000% for thin flms of calcium doped manganese oxide near 77 K with an applied
magnetic ficld of 6T. They also remarked that their results hed s very strong dependence
on the method used Lo grow the films. MR hed also been observed in olher manganese
oXide perovskile [28], but the values reported were not so high.

23 Rare earth mangxnites

Mixed-valence manganites with the perovskite structure have been studied for almost 50
years. Early research was motivated by a need to develop insulaling ferromagnetism with
a large magnetization for high-frequency applications. Recent work has been driven by a
desire to understand and exploit the large negative magnetroresistauce ellect that appears
near the curie temperature.

Cocy et..al {34] has recently reviewed the exiensive literature on the physical properties

of mixed- valence manganites and Lthere arc shorl reviews il colossal Magnetoresistance
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and thooretical aspects by Ramirez (1997) [89] and Nagaev (1996} [ 90] respectively. The
perovskite manganites can be expressed interms of the general formulz ABO;, where A
site is randomly La or Ca and B site is Mn.

2.4.1. Electronic structure of manganites

Mixed valence manganites, with the composition AMn>*Qsor BMn*'0; is one family of
the jarger group of transition metal oxides, which includes other families such as
ferromagnetic titanites. Most maenganites perovskites crystals, including layered
perovskiles. The parent compound crystallizes in AMnO; type perovskile structure
having peneral formulas RE;  AEMnQO;, where RE stands for rivalent rare earih cation
such as La, Pr, Nd, Sm, Eu, Gd, Th, Y etc. and AE stands for divalent alkaiine earth
cation such as Ce, Br, St elc. In this perovskite like structure (RE,AE) occupies the
vertices of the cubic unit cell, Mn occupics Lhe body center and O occupies Lhe six faces
of the cube which forms MnQs oclahedra [31,32,33]. Most manganites perovskites
crystals, inctuding laycred perovskites. However, some manganites can be formed of
hexagonal layered crystal structures which are different from the cubic struclure in
atomic view, ptay some imporiant role resulting different physical characteristics [34].

The perovskite crysiel structure can be regarded as a three dimensional netwotk of comer
sharing MnO; oclahedra, with Mn ions in the middle of the octahedral. Eight octahedra
form a cube, with the A site in its center. In the cubic perovskite, the A-site is twelve-fold
surrounded by oxygen ions. But typically the ionic radius of the A ion is similar than the
volume enclosed by the oxygen ions. This volume reduced by rotating the octahedra with
respecl to each other. Inevilably the twelve A-O bond lengths become in equivalent.
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La{a

{a} (L) {c)
Figure 2.1: Crystal sinciures of the most imporiam oxides: (2) perovskite struchme
{Lag 7Ca, :MnO,); (b) The MO, plane, whick is identical in the structure to the CuQ), planes
of the high temperature superconductors {(HTSC’s). (c) n=2 Ruddlesden-Popper phase

{La, ;Ca, MOy, MnO; octahedra are shaded 1a*Ca fons are drawn as spheres).

The perovskites crystal sucture can be regarded as a three dimensional network of
comer sharing MnO; octahedra, with Mn ions in the middle of the oclahedral. Eight
octaheda form a cube, with the A sile in its centre. In the cubic perovskite, the A site is
twetve-fold surmounded by oxygen ions. But rypically the ionic radius of Lhe A ion is
smaller than the valume, enclosed by the oxygen ions. This volume can be reduced by
rolating the octahedra with respect 10 each other. Inevilably the twelve A-O bond lengths
become noneguivalent.

The Eirst report on the cryslal struclure of the manganites dates back to 1943 by Naray-
Szabo [35] and was revised by Yakel {36] in 1955, In comrast to the single cubic unit cell
reporied by Narmy-Szabo, Yakel proposed a monoclinic unit cell, nearly idenlical to the
double cubic cetl, b for one angle that is slightly larger than 90", Although the
perovskites structure ilselfwas not under discussion, the exacl modificalion weas

controversial. The AMnO; has the Pama space group. Just like LaFe(s, LaMn(; has
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nearly cubic Jattice parameters, which make a structure sohmion and refinement very hard
[37,34]. Elemans et. al. [38) were the first to report the Prmag space group for pure
LaMn0);. The oxygen stoichiomelry of these AMnO; compounds is very sensitive Lo
synthesis conditions. Stoichiometric LaMnO; is an antiferromagnetic insulator with a
Neel lemperature of 130X dominated by the strong Coulomb inleractions between the
electrons. The spins are ordered ferromagnetically in the ac plane with the spins parallel
to g-axis [39}. There is an antiferromagnetic coupling betwseen the layers, along the 5-

axis which is close to 180° [31].

2.4.2. Ionic view of elecironic structore

Fig 2.2 shows the efectronic configuration for the Mn®* and Mn** jons in the compound
AMRQO; in a hybrid orbital structure. Mn jons have an incomptete d-shell {Mn: {Ar]
3d°45%). According to the Hund’s rule, all the unpaired electrons in outer d-shell align
their spins parallel to one another in order to minimize the energy. Thus only [ive d-levels

corresponding to the majority spin are accessible.

Bk 1
Cg =
ﬁw%% %%

Flgure 2.2: Electron states of the outermost 3d energy level of the Mo’ and Mn'" jons.

ﬂw

4+
Mn

The five d levels are split in ¢, ( two degenerme levels,, d " and d 3,°..* ) and ta ( three
degenerate [evels , duy , dyz and d, } due to the cubic crystal field . This splitiing has been
estimated to be around 1 eV [40]. John-Teller {JT) distortions act on Mn®" leading to a

further splitling. The two e, [evels are then separated in energy around 0.253 eV. The t5;

levels are atso split due o JT distortions but this has not eny relevance for the sysiem as
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the electrons living there are complelely ltocalized. Only the majority spins levels arc
shown. The minority spins levels are much higher in energy {due to Hund’s coupling

which can be several eV).

Hund’s rule is implied by two imteractions: coulomb repulsion makes electrons Lo be in a
different d-orbital each; Hund's coupling obliges the electrons spins w be paraltel. In
isolated atoms.the five d-orbitals are degenerate but they spilt into three-fold degenerare

( i.e.triplet state ) tp; (dey . dy, 80d d ) and 1wo-foid degenerate { ic. doublet suate ) ( for
instence , dyzy; and ds2.2 ) orbilals as seen in Fig-2.2 , due 1o the cubic symmetry in
which manganites crystallize [41] . The tz, otbitals are lower in energy than the e, orbilals
becsuse the later are aligned with the p-oxygen levels leading to a larger coulomb
repulsion than in order directions. Mn*" has three electrons in the outer d-shell that can be
considered as localized in the three ty, tevels giving a total spin § = 372 ( core spin ).The
two e, levels remain empty. On the other hand, Mn'* has an extra elecirons that Gills one
of the e, levels {8 = 2). This single electron is unstable, however, and the syslem reduces
its energy by splitling the doublet- state inlo twe hyperfine energy levels. This well-
known phenomenon, calied the Jahn-Tetler effect [42), is characteristic of Mn** jons and
it has important conseguences for the physical properties of manganites.

These e, levels are the active ones for conductivity. These levels hybridize wilh oxygen
p-levels {43] consisting the conduction band whose bandwidth depends on the
overlapping of the e, orbitals of the Mn and the p-levels of the oxygen. The minority {
anti — parallel } spin levels are very high in energy . This implies that only majority spins

can conduct. For this reason, manganites are calied half- metals.

Fig-2.3 oullined the electronic hopping within namow and fidly spin-polanized bands are
supporied by a band structure calculation made for the end members of one dilution
series, LaMnr(h; and CaMnQ; [44]. For LaMnO; this calculation shows a typicai
separation between up and down polarized bands of about 1.5 eV and bandwidths of
order [-1.5 e¥. Photoemission experiments on La; .DMn0O; (D= Ca, Pb) confirm Lhese
basic features [45]. The density of states for such a system is shown schematically in the
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figure. 1t has shown for comparison the density of states for Ni metal. Since the up and
down spin bands are wel} separated, the magnetic polarization (saturation moment) is
100%, compared to 11% in Ni. This will lead Lo reversal of carrier spin direction across

FM domains and $arge grain-boundary effects.

Fipure 2.3: Schemalic T=0 density of states for doped LaMnQ; The level diagram 1o the iefi
shows the approximate pesitions of the 3d bands in undoped LaMnO; The cnergy scale for
Lag 5r;Mn0y is extracted from photoemission data. Comparison is made 1o Ni metel which
poasesses a much smaller degree of spin polarization.

2.4.3 Physical overview of doped manganites

The characteristic properties of doped perovskite manganiies like the CMR effect and the
strong correlation between tbe structure and electronic-magnetic phases can all be
attributed (o the ratio of the Mn* and Mn*' ions. The parent compound erystallizes in
AMRO; type perovskile structure having general formulas REi AEMnOs, where RE
stands for trivalent rare earth cation such as La , Pr,Nd, Sm, Fu,Gd, Tb, Y ete. and
AE stands for divalent alkaline earth cation such as Ca , Br, Sr etc. On this perovskile
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tike structure (RF, AE) occupics the vertices of the cubic unit cell, Mn occupies the body
center and O occupiss 1he six faces of the cube which forms MnQ; octahedra.

The (RE,AE) site can in most cases form homogenous solid solution. Both the end
mnembers LaMn(y and CaMn0; are antiferromagnelic insulator having single valent Mn
ions i.e, Mn®* and Mn*" respectivety. On partial doping of the trivalent RE-ion by
divalent alkatine earth calion AE, lzads io the formation of 8 mixed valence stale of the
Mn ie. Mn** and Mn*' (0 maimain the charge neutrality of the system. The mixed
valency ol the Mn ions may also be controlled by varying the oxygen content. This
doping with some divalem! cation causes (he siructure lo get distoried due o Lhe
differences in the size of the various aioms and leads to Jahn-Tetler effect. Perovskite-
based struciures occasionally show lattice distortion as modifications from the cubic
struclure due to doping. One of the possible origin in the lattice distortion is the
deformation of the MnO; oclahedron anising from ihe Jahn-Teller effect that is inherem
to high-spin (§=2) Mn™* with double degeneracy of ¢, orbital. Another lattice
deformation comes from the connection pattern of the Mn(; octahedra in the perovskite
structure, forming thombohedral or orthothombic latices. In these distoried perovskites,
the MnOs octahedra show altemmate buckling. Such a latiice distorlion of the perovskite
AMNO; (where A=RE;..AE,;) is governed by the Goldsmith tolerance facior “t” which
measurcs the deviation from perfect cubic symmetry (1=1) and is defincd as,

= (W VACTHEY = e (2.2)

where mp, rp and rg are the radii of the divalent, trivalent, and oxygen ions,
respectively [46]. The tolerance factor measures the deviation from perfect cubic
siructure (t=1). By using mixtures of T=La, Pr, and Nd and D) =Ca, Sr, Ba, and Pb, t can
be varied, wilh the resuli 1hat the perovskilc structure is stable for 0.85< t <0.91. At finite
doping, charge balance is maintained by a fraciion, x, of Mn jons assuming a letravalent,
Mn* (d, configuration in a random fashion throughout the erystal, with the remainder
in the Mn*" (d") state presumably, D substitution is equivalent to hole doping, but thermo
power and Hall effect disagree on the carrier sign in the parsmagnetic siate, suggesting
that a simple band picture is not valid. Mixed valency can also be modificd by varying
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the oxygen content. For x=0 and 1, M (T< 100K} was found to be small, indicating an
antiferromagnetic {AF) ground slate.

At intermediate values of x, M rises and peaks with its Hund s-rule value at x=0.3. In
subsequent work van Santen and Jonker showed Lhat at temperatures sbove the
ferromagnetic curic point, 7, the resistivity behaves like a semiconductor, dg/d7<0, but
that below T, not only is there a sharp reduction in resistivity, but also a transition to
melallic behaviour, dpdT> 0 [20]. This behaviour is shawn for La;,SrMnO; and
La;..Ca,MnO; in figures 2.4 and 2.5,

Figure 2.4: Resistivity against temperature for La, Sr,MnO, for various x values. The armows

denote the transition as determined by magnetization measurement.

21



y 24
1.5
at” a5

1. | AP P

st

a6 P z
- { meag o, | l
a0 s -

rrrcoie )

10

e

100

o {MO-Em)

oBEBB. 3 & 8 @

b

- — - g5 AT RAOT)
[~ 1T - AT

El

MR

0”50 100 150 200 280 300 380
‘Temperature (K}

Fignre 2.5; Top frame- magnetizition egainst lemperamre for Lay ysCay :3MnOy for varies field
values. Middle frame resistivity against lemperature. The insel shows the low lemperaiwre
resistivity compared 10 T>* (so0lid line} and T'* (dashed line) behaviour. Bomom frame-
magnetroresisiance against temperature. Open symbols reflect low-field behaviour and solid
symbols reflect the high field behaviour.

2.4.4. Layered manganese oxide perovskites

Three- dimensional perovskiles manganese struclure consisls on a latlice of oxygen
oclahedral with a Mn ion in their center as seen in Fig.2.1{(a}, where the trivalent La*'=site
is substituted by divalent S*" ion . Therefore, there is an oxygen ion between every two
manganese as shown in the Mn(r plane in Fig 2.1{b}.The siructure of these planes is
completely analogous o the CuO: planes found in Lhe cuprale high temperature
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superconductors (HFSC’s). The MnO: planes are then stacked in a varicty of sequence
with MnO: planes interleaved with (La, Sr YO plares in figure 2.6.

VNV M5

Cleave — . . .., PP, La(Sr) Aok
—_— -

IS Tt Pl Eh

R= n= n=ind.
M _\uf__ o
layered eublc

Figure 2.6: The crystal structure of the layered and cubic manganites.

The compounds are annotaied depending upon how may MnO: planes arc arranged
between the bi-layer of (La, SO planes. (La and Sr can be replaced by many other tri
and divalent ions) This serigs is called the Ruddlesdon-Popper (RP) series, and has the
general formula {La,51)y+iMngO304 The n=1 compounds have formula unit {La.Sr);Mn0O,
and are anafogous to the HTSC compounds (La,Sr)2Cu0y . The n =2 compounds have the
formula unit {La,S0):Mn;04.The n =& compounds have no {Le,Sr)0 bilayers, and have
the formula unit (1.a,5r)Mn0; . They are cubic ar distorted cubic compounds, and the
most heavily sludied of the manganites.

2.4.5. Transport properties of CMR materials

In magnetism, it is customery to distinguish an intrinsic property, which depends only on
the bulk chemical composition and cryslal strugture, from exirinsic properties that are
governed by the sample size and microstructure. For example, hysteresis is generally an
extrinsic property, where as on the other hand, spontaneous magnetization is an inirinsic
property. Intrinsic properties are best measured on single crysial and epilexial film.
Magneloresistance ¢an be an intrinsic or ar ewrinsic property. Intrinsic

magnetroresislance is maximum close to the ferro-paramagnetic Lransition and appears
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due to Lhe intrinsic interactions in the materials. The general form of the magnetization

and the resistivity of CMR materials arc shown in figare 2.7.

MAGNETIZATION
ALIALLSISTN

TEMPERATURE T,

Flgure 2.7: Resislivity and magnetization as a function of iemperature.

When a magnetic ficld is applied, the peak on the resistivity moves toward higher
temperature and dramatically decreases its height. As shown there the magnetic transilion
is accompanied by a change in Lhe behaviour of the resistivity wilh temperaturc. The
system is melallic below the magnetic critical temperature 7. (dp/dr>{) and insulator in
the paramagnetic region {da/dr<t}). T, ranges from the 15X for EuBs to more than 500 X
for double perovskites. In particular, inanganites cover a widc range of T (100-400X).
Approaching T, from below, the resistivity increases dramatically- sometimes by order of
magnitude.

The polycrystalline samples show a completely different behaviour characterized by two
futures: a sharp increase of magnetroresistance at low field and at linear background at
higher-fields. Tt has been sugpested by Gupla @ al [47], and Li et 2l.[48] that the low-
field magnetroresistance, which is consislently observed in polycrystalline manganites, is
due to spin-dependent scattering in grain boundaries. A low exiernal field can readily
rotmie the grain magnetization into a parallel configuration and thereby cause a significant
drop in resistivity and low-field magnetroresisiance. The degree of spin polarization is
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temperature dependent and increase with decreasing temperature [49]. Hwang et al.[50]
suggesied thar the effect was due 10 spin-dependent tunneling between adjacent grains
separated by an insulating grain boundary constituting a tunnet barrier for the spin-
polarized conduction electrons. Also withins this mode) the low-licld magnetroresistance

can be gxplained by the alignment of magnetizations of neighboring grains.

Spin-dependent scattering or spin-dependent tunneling can explain the low-field
megnetruresistance but fail to explain the linear high-field magnetroresistance. Evelts et
al. [51} suggesied that the high-(ield magnetroresistance is associaled with a magnetically
mesoscopic disordered interface layer present in the vicinity of grain boundaries. The
transporl mechanism in the interface layer is the same as in the bulk parts of the grains,
but the layer has depressed curie temperature and magnetization, which could be caused
by strain, defects and weakened or absent bonds near the grain surface. The high-ficld
MR could be related to alignment of spins in the disordercd interface layer.

2.4.6 Comparison of mangetotransport of few other polycrystalline samples

Grain boundaries effecis on the resistivity and magneiroresisiance of polycrystalline
manganites compounds were rcporied very early by Volger et al[52]. The recent
research was initiated by the work of Hwang et af.[50]and Gupls et al.[47]Hwang et al.
elaborated the rele of Grain boundary (GB’s) in manganites by direct comparison of the
MR and Feld-dependent magnetizalion at low temperature for single crystal and bulk
polycrystzlline samples of Lags:8rp338n0; Mainty magnetization of Laos751r03:Mn0y
single crysials and polycrystaltine ceramics and Lags:Cag 338n01 and Lag sr81s 3:MnCh
gpilaxial and polycrystailine films respectively .Both investigation found that the
resislivity and magnetroresistance depended sensilively on the microstructure, whereas
magnetization was hardly affected it.
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Figure 2.8: Top pancl: zero-field resistivity of Lags;Sro ssMnihsingle crystal and polycrysials as a
function of temperature. Botiom panel: magnetization of the samples as a funition of temperature
menrsured at B=0.5 T. The insa1 shows the field-deperded magnetizaiion at 5 and 280 K

" {reproduced from Hwang et al. [50}).
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Figore 2.9: Magnelorssistance date of the samples of figure 13.Panels(a).(cyand(e}: normalized
resistivity p/p, as a function of magnetic field p, denotes the zero-field resistivity. Panels
{b),(d)and (fymagnetic feld dependence of the normalized megnetization {reproduced ffom
Hwang &1 al.[50].

Hwang et al. [50] investigation an LSMQ singie crysial and two LSMO single crystal and
two LSMOQ ceramic samples simtered at 1300 and 1700°C, respectively, The sample
sintered at the higher temperature had the larger grain size. The data of Hwang et al. [50]

are reported in Mgure 2.8 and 2.9.




Figure 2.8 shows the zeto-field resistivity and the magnetization of the samples as a
function of temperature. Whereas the low-temperature resistivity depends strongly on the
microstructure, the magnetization of the three samples is virtually identical. The effect of
the grain boundaries on the magnelroresistance is even more drametic, Fipure 2.9 shows
the field dependent resistivity and magnetization of the samples investigaled. Whereas
the single crystal shows a magnelroresisiance linear in magnetic field, the polycrysialiine
samples show a sharp drop st Jow magnefic ficlds followed by a linear dependence at
higher fields. Again the field dependence of the magnetization s virtually tdentical for
the three samples. The magnilude of the low-field magneworesisunce increases with
decreasing temperature in contrast to the intrinsic magnetroresistance, that has a
maximum near the curie temperamre and decreases with decreasing temperature . These
result cannot be explained by (he intrinsic megpetroresistance alone, since the intrinsic
agnetroresistance is only a function of the magnetization. Hwang et al.[50]suggested
that the Jow-feid magnetroresistance in polycrystatline samples is due to spin polarized
tunmeling between misaligned grains.

It was shown by Hwang et al [50] thal, phenomenslogically one has o distinguish weak
and sirong links between the grains, Only weak links give rise to a considerable low-field
magnetroresistance. Whereas the micro structural characteristics of the two types of links
are not clear, the formation of weak or strong links can be controlled by the fabrication

conditions.

2.4.7: Intrinsic and extrinsic magnetroresistance

fn this section the imtrinsic and extrinsic magnetroresistance is discussed and also
illustrate how they can be distinguished fromn experiment. Some resubts from the literature
are used for exemplification.

Intrinsic magnciroresistance

Intrinsic magnetroresistance is maximum close ito the ferromagnetic-paramagnetic

iransition and appears due to the intrinsic interactions in the materials.
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Figure 2.10 shows the lemperature dependence of the zero field and an applicd ficld of
5T resistivities of a singlc-crystalting thin film Lap7Cap:MnO; sample {daia oblained
from Hundley et al.[53).The corresponding magnetroresistance, MR=py/po.1,is shown in
the same graph. This sample has no internal grain boundaries so the magnetoresistive

response is Lherefore entirely intrinsic.
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Figure 2.10: Resistivity of single-crysialline thin-film Lag ;CaysMnO; in zero magnetic field and
in an applied field of 5T. The graph shows also the cormresponding magnetroresistance. Adopled
fram Hundly et al. {33].

The thin-film subslance shows a metal-to-insulator transilion coinciding with the
ferromagnetic-lo-paramagnetic transition at the lemperature (250K}.Qualitatively, the
temperature dependence of the magnetroresistance can be explained in lerms of Zener’s
double-exchange mechanism. The simplest expression for conductivity is o = ney, where
n is the number of carries, e is their charge, and p their mobility. The metal-lo-insulalor
transition could thus originate from either a changs of the number of carriers or 2 change
the mobility of the carriers. In the double-exchange theory the change of hopping
mobility is the dominant effect on the conductivity .The Lransfer inlegral for electron
transport between adiacent Mn sites is =tocos(8/2) where 0 is the angle between Lhe spin
directions of the two Mn cores spins. Below the ferromagnetic transition tempersature the
spin system is ferromagnetically ordered and the probability for electron transfer {and
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thereby the mobility) is high. The zerv-figld resistivity shows metallic-like lemperature
dependence with a positive siope. Around the curie temperature the spin system becomes
disordered because the thermal energy exceeds the ferromagnetic exchange energy. The
hopping amplitude decreases and a drastic increase of the zero-field resistivity is
observed. Above T, the resistivily decrease wilh tempermure as expected for an insulalor
. where wansport is lhermally activated. The sample exhibils a large negslive
magnetroresistance peaking jusi above the curie lemperature. Below T, the spins align
sponteneously and the extemnal field has linle influence on 6. The magnetroresistance
gradually venishes when the megnetic moment approaches its saturation valize. Near T,
however, the spin system is highly susceplible to the extcemat field, which causes a
substantial change of the locat spin disorder and ihereby of the carmier maobility. Thus, the
field drives the material more metallic. Far above the curie point the external field can no
longer compete with the thermally indeced random spin fluctuations and the

magnetoresislive response decreases with temperature,

Many research groups have suggesied that double cxchange alone is not sufficient in
order to explain the CMR. The medels proposed evoke a competition between double
exchange and another mechanism-such as polaren formation due to the strong electron-
phonon coupling or localization by spin fluctuations; this competilion is supposed Lo
drive the metal-insulator transition. The halance between the two competing mechanisms
is very sensitive lo an applicd magnetic field that suppresses spin Nuctuations and
enhances Lhe ferromagnetic order. The debate on the essential transport mechanism in the
manganites has not yel been decided,

Tt has been also suggested by Coey eLal.[54] orVon Helmolt e1. al.[53]that the very large
change in resistivity observed for manganiles is due to magnetic polaron formation in the
paramagnetic regime. The ¢, electrons may induce a local polarization of ils neighboring
gpins forming a small ferromagnetic entity called a magnetic polaron. According o their
suggestion 3 magnelic polaron can be considered a guasi-paricle and it can jump from
lattice site Lo lattice site carrying along its spin polarization, This hopping Lekes place via
thermal activation. Below the curie temperature (or when a magnetic field is applied) the
magnetic polarons are destroyed. This could conwribule to the abrupt chenge of resistivity
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near T.. Another kind of polarons, which could be present in manganiles, are diclectric
polarons formed due to the coulomb interaction between the electron and ils surrounding
ionic charges. The concept of polaron Lransport in mixed-valence manganites is not yet
fully understood.

In theoretical resnbts by Millis et al, [56] Lhe resistivity was oblained from a dynamical
mean-field calculation including double exchange and a coupling of carriers 10 phonons.
The calculations show that the resistivity above T, can be tuned from semiconducling Lo

metaltic on decrease of the electron-phonon-coupling strength.

Eutrinsic magnetroresistance

Figure 2.11(8) compares Lhe lemperature dependence of magnetroresistance of a single-
crystatline manganite (an epilaxial thin (ilm) with thet of a polycrystailine thin film
having the same composition{Lage7Cag.uMnOy).Data was obtained from{Gupra et
al.[47])

Both samples show a magnemoresistance maximum near the curie temperature, which
can be ascribed o intrinsic magnctotransport {the CMR effect). For the epitaxial film the
magnetroresislance vanishes at low temperetures, as expected for a single-crystalline
material, However, the polycrystalline film shows an ingreasing magnetroresistance with

decreasing tempergture.

Figure 2.11{b} shows Lhe [ield dependence of megnetroresistance at two dilferent
temperetures below the ferromagnetic transition tempersture. The epitaxial sample shows
a linear variation of the magnelroresistance with the applied field. This indicates thar the
Bloch wzll motion and rolation in singlecrystalline manganites do not dominate
transport. The magnetroresistance varies smaothly through the region of domain rotation,
which wakes place in low fields, so Lhe increasing megnetroresistance is mainly due to
enhanced magnetic order. The magnetrorcsistance effect is small and decreases with
decreasing tempersture., The polyerysialline sample exhibils a completely different
behaviot characterized by two features: 1) a sharp increase of magnetroresistance at low-
fields followed by 2) at linear background at higher fields. The slope of the high —fiefd
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contribution is broadly lemperaume independent. The low-field meagnetroresistance,

which is oficn termed LEMR, increases with decreasing temperature.

1t has been suggested by Gupta et al,[47] and Li at al[48] thet the low-field
magnetroresislance, which is consistently observed in polycrysialline manganites, is due
to spin-dependent scattering in grain boundaries. In ferromagnetic metals the exchange
encrgy splits Lhe conduction band into majority and minority carrier bands resulting in a
spin imbatance at the Fermi level. In mixed-valance manganiles the majority and the
minority bands sre separaled by an energy pap arising from the strong intra-atomic
coupling between the 3d e, conduction eiectrons and the 3d t; core spins[37).The spin
polarization may Lherefore approach 1(0% at fow temperatures (thus, manganiles may be
characterized as half-metals). In the ferromagnetic state each grain in a polycrystalline

manganite may constitute a single magnetic domain.

In the virgin slale, where no field is applied, the grains have their magnetic momenls
randomly oriented. The polarized conduction eleclrons are easily tansferred between Mn
sites within a magnetic domain, However, an eleciron traveling across a grain boundary
to an adjacent grain {or domain) may become subject to a stong spin Jdependent
scatiering leading (o a high zero-field resistivity. A low external field can readily rotaie
the grain magnetization into a paraflel configuration and Lhereby ceuse a significant drop
in resistivity and low-field magnetroresisiance. The degree of spin polarization is

temperature dependent and increases with decreasing temperature [49],
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Fig 2.11: Magnetoresistance for 2 field change of () to 2T versus temperature of paly-crystalline
{top panel) and epitaxial {botiom panel) thin film Las.CagsMn0;.b) magnetroresistance as &
function of applied field taken at 25 and 100K,

This could explain wiy the low-field magnetroresistance becomes more and more
dominant as the tempersture is decreased. Spin-dependent scatiering of polarized
conduction carriers is the dominant mechanism describing spin-valve effects in metallic

GMB multilayers [58].

Hwang el al. [50] offered a different explanation to the low-field magnetroresisiance
glfect observed below the curie temperature. The compared the magnetoresistive
propetties of single-crystalline and polycrystailine Lag 78 33Mn0; and also observed
LFMR (low field magnetroresisiance) in the polycryslalline samples, which was absent in
the single crystal. They suggested that the effect was due lo spin-dependent runneling
between adjacent grains separated by an insulating grain boundary constituting a tunnel
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barrier for the spin-polarized conduction electrons. Aiso within this model the low-field
magnetroresistance can be explained by Lhe alignment of magnetizations of neighboring

grains.

Spin-dependent scattering or spin-dependent tunneling can explain the fow-field
magnetroresislance but fail io explain the linear high-field magnetroresistance. Evetts et
al, {51] suggesled Lhat the high-field magnetroresistance is associaled with a magnetically
mesoscopic disordered interface layer present in Lhe vicinity of grain boundaries (fig
2.12}. The transporl mechanism in the interface tayer is Lhe same as in the bulk parts of
the grains, but ihe layer has depressed curie temperaturc and magnetization, which cowd
be caused by strain, defects and weakened or absent bonds near the grain surface. The
high-field MR could be related to alignment of spins in the disordered inter-face layer.
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Fignre 2.12: Schematic ilhswation of grain-boundary transport in 2 polycrysialline mixed-
valence manganile.

Figure 2.12: Schematic illusiration of grain-boundary lransport in a polycrystalline
mixed-valence manganite. Each grain constituies a single magnetic domain. The
cemduction elecitons show a high degree of spin polarization inside the grains. When
traveling across the prain boundary conduction electrons may be subject to a strong spin-
dependent scatiering, which can be reduced if a low extermal magneiic field aligns the
magnetizations of the two grains. Spin alignment in the disordered surface layers gives
raise to high-liled meagnetroresistence,
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2.5 Chassical double exchange model

Jonker and Santen discovered the strong correlalion between ferromagnetism and
metallic conductivity in doped manganites .That ferromagnetiam as arising from ap

indirect coupling between the manganese ions (Mn™*, Mn*") via the caries.

In the parent compound LaMn() , the manganese { Mn } ion is a trivalent oxidation {
Mn®") state having elecronic configuration 3d* with three electrons occupy the ty, levels
and are coupled to a core spin S = 3/2 by the strong intrealomic Hunds coupling and the
fourth efectran (itinerant) occupies one of Lhe energetically degenerate e, orbitals . The

basic idea of double exchange is that the configurations,

@=Mn* -0 -Mn*
@ =Mn* - O - Mn**

are degenerare leading to a delocalization of the hole on the Mn*' site or electron on the
Mn™ sile .

Creation of 3 hole

« .1 L/ _

t ]“’Y"“‘““[ 1
Mn* a4 Ma*g?
@) (b)

—+

ta

Figure 113, The splitting of the t;, and e, band in La; ,A MO,

The transfer of an electron simuitansously from Mn** to O and frem O% to Mn*", this
process is a real charge transfer process and involves overlap integral between Mn and O
orbitals. Because of strong Hund’s coupling JH, the transfer-atrix element has finite valuc

only when the core spins of the Mn ions alipned ferromagnetically. The Hund’s coupling
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of degeneraic siate )ifis the degeneracy and the system resonates between @ and @ if
the core spins are parallel, leading to simultaneous occurrence of meiallic conductivity

and ferromagnetism.

2.5.1 Importance of classical doable exchange model

The doubte exchange (DE) model can explain the transporl properiies of manganiles
qualilatively. This mechanism is very important for understanding the complex behaviour
of manganites. This classical modeil has been deeply studied and in cermain regimes,
qualitative agreement with experiments has been found. In particular, magnetic properiies
are beder described than electric properties (there is not a metal — insulater Lransition for
DE).But some manganiles, as hote doped La;.,StsMnOn, are metallic for the whole range
of temperatures Fig 2.14. The Fact is that latlice distortions complete with the bandwidth
(as is the case of La;Sr,MnO;) implies a more efficient double- exchange interaction. in
fact, Varma [59] and, more recently, Lyanda- Geller ef af. [6)] have pointed out that John
—cller phonons are not necessary Lo get the metal insulator transition and double-exchange
phus disorder, which leads to locelizalion s proposed. Moreover double—exchange has

shown a much richer phenomenology than expecied in the beginning.
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Figure L14: Temperature dependences of resistivity under zero magnetic field
fsolid lines and under 7T dotied lines for Lag ACaq ;MaOn, Lag o{Ca Pb); 1:Mn0); and
Lay 51, 12MnOy 7591,
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1.5.2 Drawbacks of double exchange models and subsequent theories

Although double exchange mechanism is clearly important for understanding the
behaviour of inanganites perovskite, it is not enough §61,62.63].This model ¢an alone
would not be able to explain the experimental facts . It can nol explain its high resistivity
fast doping dependency, and incorrect behaviour in resistivity for T< T.. DE can not
describe the huge magnitude of the CMR effect, underestimates the resistivity values in
the paramagnetic phase by several orders and can not account for the existence of various
amiferromagnetic phases, charge / orbital ordering, phase scparation scenario and strong
lattice effecrs/anomalies scen experimentally due to its inherent limitation for several
manganites. Millis el al. [63] incorporated the idea that double exchange alone does not
explain the resistivity of La;..Sr,Mn0O;. They caiculated the resistivity within the doubie-
exchange model including spin (uctuations and found that resistivity decreases betow T
and a positive magnetoresisiance above T., both features in coniradiction to the
experimental results. They also argued that the electron—phanon coupling due to the
dynamic Jahn-Teller distortion plays an important role, and that a strong interplay
between electron—phonon coupling, including charge locelization, and Hunds coupling,
generating 8 FM metallic phase, is responsible for the observed properties of memganites.

21.5.3 Jahn - Teller distorlion

The double exchange (DE) is the basic mechanism underkying the transpori properties of
the manganites. This exchange is not be sulficient to explain the experimental resulis.
The smong electron—phonon coupling in manganites is mainly ceused by the Jahn-Teller
{IT) effect of Mn™*. The JT effect causes local distortion of the crystal sirocture in which
some of the MnO bonds become shorter and other longer. This breaks the tocal cubic
symmetry and splits the degeneracy of the e, levels on that site .By occupying the orbital
with the lowest energy,ithe ¢; electron can become eflectively self—trapped to form
together with the surrounding deformed lattice and a quasi—particle ¢alled lanice polaron
or Jahn—Tetler polaron .This transport of lattice and spin distoriions is also called as
magnetic — polaron. aiculaetion by Millis et al. [64] predict the localization of charge
cammiers by temporal and spatial JT distortions around and above T.. This would lead to
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the observed ectivated resistivity behaviour in the paramagnetic phase below T, the self
— trapping of carriers ends leading to a retaxation of the lattice and an enhancement of the
conductivity .In this theory JT coupling and TIF. are needed to explain the properties in
the various magnetic phases. This leads to the prediction of lower more correct T, values,
and can explain the high resistivity and large CMR effect in manganiles. Simply lattice
distortion cccurs due to their difTeremt atomic sizes, crystal siructure and different

magnelic moments.

Distorted perovskile cubic structure showed in ig 2.1. A simple inspection is enough to
discover sources for dislortion .Cations A and B can have very different sizes, producting
tilting and twisting of the oxygen oclahedral [67-69].This distortion can be estimarted by
the so called Goldschmidt tolerance factor:

For T

) “'IE{"AM + ru)

F=—7% e, (2.3)

where r is the sizes of the different ions in the system.['= 1 for a cubic latlice and
decrease as the difference in size between A and B increases. It has been found that for
oxides and fuorides the perovakite structure types are sisble in the below yange

1021 20,77

Tihing of the octahedral can be measured wilh the distortion of the Mn-O-Mn bond angle
Band 6= 180" for cubic symmetry .For particular compositions, 6 can range 150° o 180",

Orbital overlapping decreases wilh Lhe distortion and Lhe relation between the W and 9
has been estimated a8 W o Cos® 6[70]. Bandwidth is closely related to the inegnitude of
the critical temperature T, which could be increased by chemical pressure, namely, by
¢hoosing the right cations A and B {or, equivalently, by the epplication of exiemal
pressure). Two paramelers are important here, the mean value of the cation sizes

{ryp)and its variance @ = (r’.ws)- {5} [68]In the ideal case o* =0, a Tc as large

as 520K could be achieved. Another source of distonion to be waken into account is the
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larger size of Ma™* (~ 0.72) respect to Mn** {~ 0.5). This lcads to a breathing distortion
mode as shown in Fig -2.15.

Fignre 2.15: ; and Qs are the two Jahn — Teller modes of distartion of the oxygen octahedral
associaled o (he splitting of (he g, levels of Mn?* [71]. These particular cases correspond to Gy >
8 and (> 0 is the breathing distortion that occurs due to the dilTerent sizes of Mn' and Mn™.

Only two type of distortion {modes of vibrations) are relevant for the splitting of eg
doublet i.e. JT distortion; € and Qs which are shown in Fig 2.15. The 3 is a tetragonal
distottion which resulis in elongation or contraction of MnO; octahedra. However in case
of manganites the ¢Mective distortion is the basal plane distortion {called as Q; mode) in
which one diagonally opposite O pair is displaced outwards and Lhe other pair displaced
inward. As Mn* does not have an eleciron in the eg slates, it will not ect as JT ion
.Latice distortion of the octahedral can be static or dynamic. When the cariers have
certain mobitity, the distortion of Ma®* and Mn*" jons is random and changes with time.
Therefore, electron — phonon coupling arises and, in fact, Miltis 1 al[64].and Roder et
al.[72] have ¢laimed that it is necessary to lake account if the lattice yibration to explain
the change in curvature of the resistivity close to T. Moreover , due to large Hunds
coupling , magnetic polarons can be formed [64] . The localization of the carrier in fattice
and/or magnetic polarons can explain the activated behaviour of the resistivity for T>T,
.When the bandwith is namow; the localization induced by lattice deformations is much
relevant and leads to charge/orbital ordering and stripe formation [73,74}.
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2.5.4 Phase disgram and resistivity

Phase diagram of doped perovskite manganites arc cxceptionafly rich with different
magnctic as well as structural phases. The phase diagrams that have been established so
far for dilferent compounds e.g. La;,Ca,Mn0;, La Ba,MnO; La,Sr.Mn(; etc. are
constructed from detailed measurements of mecroscopic physical quantities such as
resistivity, susceplibility and magnetization on single crystal and bulk ceramic samples
[75]. Even though the phase diagram of each composition is different due to the variation
in sizes of different eloms involved but they have some common features. La,_Ca MnOs
is a pood candidate material for basic understanding and hence its phase diagram has
been described in detail. CMR manganites are oXides of the type R4 AxMnOs;, where R
denotes a rare earih and A is a divalent, ofien alkaline earth element. Much interest has
been devoted to the CMR manganites, since these displays a divemsificd phase diagram.
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Figure 2.16 Phase diagram of tempersiure versus tolerance [actor for A;5A' 3 MnO;, where A

is a wivalent ion and A" a divalent ion, Open symbols denote Tr determined by mapnetization
measuremenls and closed symbols denote Tr delermined by resistivity measurements. All data
were taken while warming.

In figure 2.16 at low iemperature the resistivity is melallic, rising sharply while going
through the ferromagnetic transition and showing semiconducting behavior in the
paramegnelic phase in the case of Ca doping , whereas the resistivity in the case of Sr
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doping remains melallic sbove the curie lemperature .accordingly , the ferromagnelic
transition in this case compound is eccompanied by a melal- insulator transition as
evidence by the resistivity rise and the negalive temperature cocfficient of the resistivity

in most compounds above T, .

2.6 Modeks of manganites

Perovskite manganiles have a jarge potentisl for applications besed on their various
physical and chemical properties {76,77]. The magnetic field sensitivity of the transpon
praperties, the strong mewa} insulator transition at the cunie temperature, the clectric fetd
polarizability of the material and its subsequent eflect on the transport properties, the half
metallicity of the electronic bands, etc. are properties of the rare carth manganiles that
could be exploited in a veriety of devices. Based on the praperties, a number of device

approaches are being explored and few of them are described below.

(1) The magnelroresistance of manganites might be used in magnelic sensors,
magneioresistive read head, and magneloresistive random access memory. Magnetic
sensors can be made from either thin Alms or single crysials and can be used to sensc the
magnitude of a magnetic field in one or several directions by choosing the right crysial
form and de- magnetizing factor. A good low field magneloresistive response however,
can be oblained in manganite samples with a high density of grain boundaries and in
tunnel spin value structures. One of the first working devices of this kind was constructed
by Sun et al.[78].

(2) The electric field ¢lFect has also been observed in manganites. Here the lop layer can
be paramagnetic, such as SfTiQ; [79], or a ferroelectric layer, such as PbZr; ;T 304 and
the borom layer is a CMR malerial, but the chanpes are more profound is the case of
PbZry5Tig#O3 where onty 3% change in the channe) resistance is measured over a period
of 45 min at room temperature which makes this material attractive for nonvolatile field —
effect device application £80,31).
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(3) The large temperaiure coefficient of resistance (TCR) calculated as (1/RYXdR/dT) just
below the resistivity peak makes these CMR materials interesting for use in bolometric
detcclors [$2-84]. Bolometer is an instrument for detecting and meesuring radiotion

{4) Since Lhe propemties of (he CMR matcrials are quile speciacular al reduced
temperalures, i.e. betow 100 K, so at these low temperatures, the combination of high -
T¢ superconducting cuprates thin films and CMR manganites could lead to Hybird
HTSC- CMR structures [85,86].

{5) Chemical applications include catalysis such as calalysis for eutomebile exhausts,
oxygen sensors and solid electrolytes in fuel ceils. The caraiwic activity is associaied
with the Mn”" - Mn** mixed valence and the possibility of forming oxygen vacancies in

the solid [87,88].
2.7 Magnetie-based device

Recent progress in oxide perovskites thin fiim technology has led to the discovery of 2
large negative magnetroresisiance at room temperature which open up new avenues for
applications in diverse area of technology such as magnetic random access memories and
reads heads for hard disc drives. Based on the properties of manganites, a number of
device approaches are being explored, some of which are discussed here briefty.

(i) Magnetic ficld sensors (a) wsing the CMR elfect in a film, (b} using a spin
valve structure and (c) ss a microwave CMR sensors. The industrial
requirernents For a magnetic sensor are operstion at room temperature and up
to 400 K, at least a 20% MR at a ficld 10 mT applied ficld, temperature
dependemt CMR values over 350 £ 50 X and ecceplable noise values. The
current Lhinking is that oxide-based CMR sensors will have maximum impaci

only on memory systems approaching densities of 100 GB e,

42



(i)

(iii)

(iv)

Electric field cffect devices (a) using 2 SrTiO; gate and (b) using a
ferroetectric gate. Field effect transistors (FET) based on CMR channels show
some inseresting characteristics depending on the dielectric layer on top as to
whether it is a paraelectric layer such as STO, or a ferroelectric layer such as
PZT. The advantage of these devices unlike conventionat NVRAM would be
that the reading of the state of the memory would be direct since the resistance

is considerably different.

Low temperature hybrid HTS-CMR devices: As the properties of CMR
materials are quite spectacular et reduced temperatures, ie., below 100X
there may some advantages to inlegrating them with /TS devices.

Room Temperature Bolometric Infrared (7R) Sensors: Due to the advance in
thermoelectric cooling, matenals wilth high thermal nonlinearities in the
temperature range of 250 to 300 X are potential candidates for bolometric

S€ns0rs.
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Figare 2.17: Optical response of a film of LCMO {closed circles} in comparison with the
TCR {open circles). The curve is shown in the inset.

The commercial bolometers based on VO, used now a days use temperature coeflicient of
resistance (TCR) vatues around 2.5% Lo 4%. In comparison TCR valucs ranging from 8%
to 18% are possible in the LCMQ manganites over the same temperature mnge (Mgure,
217
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Chapter-3

Sample preparation and characterization

Experimental methods of sample preparation and characterization lechnique employed in
synthesis of manganese oxide materials are described briefly in this chapter. The

apparatus that we used in Lhe measurements also described here.

3.1 Preparation of the samples

Samples can be prepared mainly using any of the following method:
1, Solid siate reaciion method.

2. Solution methad.

3, Melt- quenched or glass ceramic method.

4. Thin film method.

3.1.1 Solid state reaction method

Tn solid slate reaction method appropriate amounts of two or more chemicals are
carefulty prind together and mixed thoroughly in a morar and peste or ball miils.
Grinded powders are then calcined in air or oxygen at B temperature above 750°C for
several hours. This process is continued for several times until the mixture is converted
into the correct crystaltine phasc. This calcined material are then grinded to fine powders
and peltetized it a hydravtic press fotlowed by sintering at different temperature below
the melting point of the materials in air or any controlled atmosphere.

3.1.2. Solution method

In this method appropriale amount of salid chemicals are at first dissolved in nitric acid.
This solution is then dried and Lthen followexl by calcination and sintering treatments,
Some times water soluble materials such as nilrales are used for synthesizing
superconducling ceramic materials. The nitrates are dissotved in waler and then dried and

calcined in a way similar to the solid stale reaction method.
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3.1.3 Melt-quenched or glaas ceramic method

Tn this method appropristc amoumts of mixed powder are 1aken in oxide or carhonate
crucible and calcined for one 1o two hours below the melting point of the malenial. A fier
calcinations the powders arc melted at few hundred-degree celsius above the melting
teroperature and held there for a couple of hours. The melis are then poured inlo a cold
iron or brass plale and pressed quickly by another plate to 1 Lo 2 mm thick sheets. The
glasses thus cblained are then annealed at suitable lemperature for different periods of

time in air or in any controlled aimosphere.

3.1.4 Thin film method

Thin films of superconducting materials have been very successfully fabricated using Lhe
procedure like, evaporation, spultering, ion beam sputiering, laser evaporation efc.
Evaporation is conceptually the simplest of all the deposition techniques. In practice,
however, some of the most sophisticated apparatus are used to evaporale epitaxial films
of materials under very commlled condilions and Lhese systems are more accurately
called molecular electron beam epitaxy system (MBE\EBE). The technique involved
utilizes a vacuum system to remove most of the conlaminating gases from the deposition
chamber. Typical pressures that are obtained in simple evaporations are in the 107 torr
range until the MEB\EBE system requires pressures of less than 107" torr. The elements
or compounds to be evaporated are heated in crucibies by eilher resistive heating
elements or by electron beam heating. Typical evaporations have more than one
evaporation source, and it is possible Lo oblain systems with as many as six independent
sources. The high temperature produced in these soutces cause the vapor pressure of the
evaparation rise lo a level at which a significant amount of these mulerials can be
coliected on a substratc that is localed on a direct optical path from the evaporate, The
substrate can typically be ar a variety of temperatures, ranging from 77K to
approximately 1300K depending on the required microstructure of the final film. The
substrate materials are sapphires AlzO;, MgQ, silicon ele.
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3.2.1. Materiat synthesis and sample preparation

In the present investigation samples were prepared using conventional solid siate reaction
method. Appropriate amounts of two ar more chemical compounds are carctully mixed
and grainding in a mortar or pestle or by batl milling with acetone for homopgenization.
Ground powders are then calkcined in air or in oxygen at a lemperature above 1373 K
(1100°C) for several hours o remove the unwarned oxides present in the chemicals. Then
these ere reground and reheated. This process is continued until the mixture is converted
imo the cortrect crystalling phase. This calcined material are then ground to fine powders
and palletized in a hydraulic press aflerwards sintering at different temperatures except
below the melting point of the materials in air or any controlled atmosphere.

Solution method, glass ceramic methed, thin [itm methed elc. are some of the common

inethads which used for the preparation of the sample.
3.2.2. Physicals properties

To study the samples physical properties they need to be characterized in different ways.
In the present imvestigation, powder X-ray diffraction is employed Lo characterize
homogengity of the crystalline power. Tt would be provide the necessary feedback to

improve the prepamations method of the grown materials.

3.1.3. Preparaiion of the present samples

Polycrystalline samples were prepared using the conventional Solid —State reaction
technique. Stoichiomerric amounts of raw malerials Lax0; { 99.99% ), Dy20a ( 09.99% )
, SrCO; (99.59% ), MnCO; (99.99% }, FeyO1 ( 99.99% ), NiO ( 99.99% ) were well
mixed then catcined st 1100°C in air for 24 hours . The resulting powder samples were
then reground and sintered at 1 100°C for 48-50 hours in air with one inlermediale
grinding. Before the fina! sintering siep at 1100°C for 24 hours, the samples were pressed
into pellets. The pallets was placed in an alumina boal and inserted into the fumace for
sintering and oxidation. All the pallets were sintered at 1100°C in the furnace in air
atmosphere. The resulting pellets were subjected to electric and magnetic invesigation.
The specimen’s crystallinity and struciure were checked by X-ray diffractometry.
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32.4. Methodology

The DC electrical resistivity for various potycrystalline samples was measured from
room temperature down to liquid niogen temperature using stander four~probe method.

The lemperature dependence of normalized resistivity, p/po at zero applied magnetic

fieid for various polycrystalline samples and the comesponding behavior in presence of
0.7T applied magnetic field have been investigaled. Magnetoresistance measurements
were carried out in a magnetic field of around 0.7T in the temperature range 78 K 1o 300
K.

33, Lattice plancs and Bragg’s law

X-rays interact with electrons in atoms, When x-ray photons collide with electrons, some
photans from the incident beam will be deflecied away from the direction whete they
originally travel, much like billiard balls bouncing off one another. The scatiered x-rays
carry information sbout the electron distribution in materials. And the inelastic scatiering
process (Compton Scarlering), x-rays fransfer some of their energy Lo the electrons and

the scattered x-rays will have different wavelengih than the incident x-rays.

d
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Figure 3.1: Bragg’s law of diffraction. (a) Different forms of tattice planes, (b) Different forms

atoms.

The peaks in an X-ray diffraction patiemn are directty related to the aromic dislance. Let

us consider an incident X-ray beam interacting with Lhe aloms arranged in a periodic
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menner as shown in figure 3.1. The atoms, represented as black spheres in the graph, can
be viewed as forming different sets of planes in the crysial (lines in graph on (2)).
Fot a piven set of lattice plane with an inter — planner distance of d, the condition for a

diffraction to occur can be simply written as latlice
Zdhn..“sil'l g=ni

This is known as Bragg’s law. Where, is the wavelengthi of the X-ray,# is the
scattering angle and n is en integer representing the order of the diffraction peak.

)4. The van der Pauw method
The van der Pauw lechnique [1,2] is based on four point measurements, provided that
cerlain condition are fulfilled:
» The conlacts should be on the circumference of the samples (or very close
to the boundary as possible)

+ The contacts should be sufficiently small (or as close as possible)
*» The samgple is to be homogeneous and thin relative to the other dimensions
*+ The surface of the sample is 1o be singly connecled, i.e. the sample should

not have isolated holes.

Figure .2: The four electrical conlacts on the circumference of the discs shaped samples
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Figure 3.2 shows the four contacts on the circumference of the discs shaped (irregular
shaped) sample.

For a fixed temperature, we define resistance Rap cp 2s the polential difference is Vp-Ve
between the contacts D and C per unit current Lsp through the coniacts A and B. The
curremt enters the sample through the contact A and leaves it through the contact B.

Rapce=V¥p-¥o/lan. . ... .00

Recoa=Va-Vo/lac..... . ... (D

Van der Pauw technique is based on the theorem that between Rapcp and Rar ps Lhere

exists the simple relation;

cXp (—- %RAHCD )+ cXp (— %RBCDA }=] ................ {3.3}

Where d is the thickness of the uniform dice shaped sample and ¢ is the resistivity of the
material. If d and the Rapcp and Rpcpa #re known, then in Eq 3.3, p is the only
unknown quantity .

In the general case, it is nol possible to express o explicity in known functions. The

solutions can, however, be writien in the from

ot rﬂum + Ry Rizco
=. T | TABCD _ M |0 CABED G e 34
M= T 2 R 9

Where f is a factor which is a Rmction only of the ratio Rapcp/Roc pa and satisfies Lhe

relation

msh{{ Rinco  Boc o )-1}=lc1pm~g ..................... (3.5)
( RAECDIREHIH )+1
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Figure 3.3: The function f (Q) for determining the resistivity of Lhe sample.

If we assume Rap cp/Rpcna=Q, then e. 3.5 becomes

o-t_f ;,{*"P{]“ 2/ }} ................... (3.6)

O+1 In2 2

A plot of the function is shown in figure 3.3.

3.5: Apparatus osed for the present investigation

1.5.1 Description of lignid nitrogen cryastat

A liguid nitrogen cryostat is designed for the purpose of low tempcrature magnelo-

transport measurements. It is made vp of nonmagnetic concentric stainless sieel wbes. I

consists of two parts (upper part and lower part) and each par consists of three concentric

twbes of three dilferent dimensions. The outer diameter of the upper part of the cryostal is

7.6 cm and inner diameter is 3.2 cm. The ouler diameler for lower part is 3.8 cm and

inner diameter is 3.2 cm. [t has three chambers as shown in Figure 3.1. Outer chamber is
cafled vacuum chamber the middle one is cryogen (liquid nitrogen) chamber and the
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innermost chamber is sample space. Thickness of the wall of ¢ach chamber is about 6.2
em. In the mp of the second chamber there are two small pipes connecled over the
stainless steel plate of upper part of the cryostat, one for inlet of liquid nitrogen and the
other for outlet of nitrogen gas. The lower part (20 cm long and 3.8 cm diameler) of the
cryostat is shorter and narrower compared Lo the upper pant {85 cm fong and 7.6 cm
diameter). It is made in such a way that the lower part of the cryostat can easily move
between the pole pieces of the home made eleccromagnet. A stainless steel plate connects
the lower part and upper part. The top of the upper part is sealed by another stainless stecl
piate. Tn the innermost chamber (sample space) there is a sample rod which is made up of
stainless sieet ube and a flat copper bar. The diameter of the sample rod is chosen in such
a manner that it can easily move through the sample space, The top of the sample rod and
innermost tubes are air tight connecled with a union socket. A thermocouple is used for
the measurement of temperature of the sample. It was observed tha if the cryostat is
fitled with liquid nitrogen than it lakes about 150 minutes lo warm up o room

-

"'_ D-—-h—ﬁﬂn
l.qlﬂﬂzcuﬂ.'
Samgle claniner
Bample bnlder vl

s
w
Rapic
7

Fignre 3.4: Schematic diagram of the liquid nitrogen cryostet.
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'3.5.2 Description of electromagnet
To study magneto-transpori properties of manganese perovskites the clectromagnet used
is shown in Figure 3.5. Materials play an important role for designing an electromagnel.
Normally sofl iron with a very low coercive Tield and tow hysteresis is used for the
magnel pole pieces. Commercial mild sieel bar is used for the body of the eleciromagnet

and sofi jron cylindrical rod for pole pieces, which arc avaifable in the local market

Figure 3.5: Phiograph of Lhe elecromagnet.
The major paris of the electromagnels are base, pole piece holder, pole pieces end coils.
Pase of the electromagnet is made up of a pamtlelepiped shaped mild steel bar of

dimension 36 cm x 19 ¢m x & cm. Pole piece holder of the electromagnet is also made
from commercial mild sieel bar. Two pole piece holders are attached Lo both side of the
base with L type bolt. Each pole piece holder is a parallelepiped of dimension 32 cmx19
cmx8 cm, Pole picces ({:y]indrical-snﬂ iron ol final diameter 9.2 cm) are attached in these
holders in such a way so that wc can vary the pole gap. The Pole gap may vary from 0-10
cm. As the lower part of our cryostat has outer dimension 3.8 cm, pole gap of this stze
wil! be suitable for the magnet operation.
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Fignre 3.6: Calibmtion curve of Lthe electromagnet.

Two induction coils for two pole-pieces have been made with insulared copper wire of
No. 5. W. G 14. The length of each of the coils is 12 cm. The number of tums in each
layer of the coil is 58 and tolal number of Jayers is 44, So the torzl pumber of turns is
2552, The resistance of cach coil is sbout 8 ). The weight of ¢ach coil is about 40 Kp.
Two coils are set in the pole pieces of the ¢leciromagnet. They are conpected in parallel
combination with the dc power supply. Calibration curve of the ¢lectromagnet is given in

Figure 3.6
1.53 Description of the sample rod

A sample rod is used for four-point resistance measurement. This is a hollow slainless
sicel tube. The upper pan is connected with multi-pin connectors and lower part has a
copper sample holder as shown in figure. The sample rod is connected with the cryostat
by a union socket, A schematic diagmam of the sample rod is shown in figure 3.7, This
sample probe is used for four point resistance measurements, The temperature of the

sample was measured using a Lhermocouple.
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@ Multi-pin connectors

i Hollow tube

F—* Connecting wire

—* Sample

Figure 3.7; Schemaric diagram of the sample rod.

3.5.4. Magnetoresistance measurement sefup

Magnetloresistance measuremenls were carried ourt using Lhe homely made cryostat and
an clectromegnet. Figure 3.8 shows Lhe schematic diagram of the magnetroresisiance

measuremenL

Figure 3.8: Schematic diagram of magnet and cryosiat assembly tor magnetroresisiance
mMeasureEmenky,
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The stemdard four point lechnique was used for resistanee measurements. All semples for
test are mounted on a probe and inseried in the sample well of the cryoswat. The
temperalure of the sample is measured with a thermocouple placed close to the sample. A
micro voltmeter was placed with the thermocouple to measure the vollage related to the
temperature. The sample current is sourced with a constant current source and voltage
drop is measurc with micro voltmeter. For magnelroresistance measurements, the
electromagnet is powered with a power supply. The sysiem is capable of creating a fietd
up to 0.86T for a current of 18 A.

References
[1] wan der Pauw L., “A method of measuring specific resistivity and Half elfecls of
discs of arbitrary shape™, Philips research reports, 13, 1 {1958), ;

i2} van der Pauw L.)., “A mecthod of measuring specific resistivity and Hall
coefTicient on lamellae of arbitrary shape™, Philips lcchnical review, 20, 220 (1958).
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Chapter-4

Results and Discussion

The transpert properties of the  polycrystafline  bulk  samples  of
(La,  Dy,,Sr,, \Mn,_ _Fe_{ Ni, YO, (with x=0.0, 0.1, 0.2) sintered at temperature 1100°C
and constant hydrosiaric pressure were studied. The results of DC electrical
measurements imcluding resistivity, phase transitions and megnetoresistive properties
were measured [rom room lemperature (RT) down to liguid aitropen temperature {LN;T).
Magnetoresisiance (MR) measurements were carried out and the MR behaviour was
discussed as a function of magnetic field both at room temperature and ar liquid nilrogen
temperature. Activation energies for these polycrysialline samples were also calculated in

Lthis experiment.

4.1 X-ray diffraction analysis

X-ray diffraction analysis was performed on the invesligaled polycrystalline samples to
examine phase purity and homogeneity. Figure 4.1 shows the X-may diffraction patlern
for various sample (La, Dy, .57, Ian_;Fe; NG JO. (with x=0.0, 0.1, 0.2). The X-ray
diflraction was recorded with a powder dilfractometer using the MoKa radiation (i~
0,710689 A). For the structure determimation, diffraction patierns were recorded in the 20
range from 10” to 70". Table 4.1 shows the comparative peak position {in angle) observed
for the samples. The peaks in an X-ray diflraction patiern are directly related io Lhe
stomic distance. Form Lhe peaks in an X-ray dilfraction patlern Lhe inter-planner disiance

dyy i3 measured using Pragg’s law
dpw Smbé=nh ............. {4.1)

where 4 is the wavelength of the X-ray and D is the scalering angle of the diffaction
peak. From the X-ray diffraction patterns it have seen Lhat al} the samples showed the
identical peak posilions which confirmed the smgle phase with no significant trace of

impurity in chemical composition of Lhe samples.



L2y sD¥o23r i ghigaGe

Lay¢DSr oM oNio1Or
%‘ Lay dDy0aSty My sFey 207
£
§
3 Le; sDy0 St oF ey Oy
LardDm5n MmOy
Position 28 (degree)

Figore 41: X-ray diffraction patterns of palycrysialline bulk samples.
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Table 4.1:X-ray dilfraction peak positions for various polycrystalline samples

Sample X-ray diffraction peak position 2 & {(degree)
Compasitions 1™ [z9 3™ [4% 5% &% |7™
{La, s Dy 250, )Mz 05 144 }17.60 | 2072 | 25.56 | 29.68 | 3328 | 39.80
{La, sLryo 280, 2 X Mny oFeq s YO 1464 | 18.00 | 2088 | 256 | 29901 33.44 | 39.80
{Lay sDryg oSy M, oFeq 104 1448 | 12.00 | 20.80 | 2592 | 29.80 | 33.60 | 39.%
{La; s0rvoo8r, 2 HMN o Nig  Jn 1460 11796 | 2080 | 25.60 | 29.76 | 33.44 | 30.68
(La; sByo2Sry HMin sNig 20y 14,72 1 1B.0D | 20,88 | 2568 | 29.80 | 33.68 | 39.80

4.2 DC electrical resistivity

The normalized DC electrical resistivity for various
{La; sDryp 2801 2 KMo Nig/Feg JOs polycrysialline samples prepared for doping levels
x=0.0, 0.1, 0.2 and sintered at lemperalure 1100°C for 24 hours in air were measured as a
function of temperature from room temperature {300K) down to liquid nirrogen
temperature (78K) by slandard four probe method. The temperature dependence of
normalized resistivity p/pp at zero applied magnetic field for various polycrystalline
samples and corresponding behaviour in presence of 0.7T applied magnetic field was
investigated. The applied magnetic field was perpendicular Lo the cumrent flow in the

sample.

The temperature dependence of normalized resislivity p/pg of the double layered
perovskite manganites (La, , Dy, 5% ; \Mn,_, Fe, )0, with different concentrations

x =0.0,0.1,0.2 at zero magnelic field and a1 the presence of 0.7T magnetic field are shown
in figure 4.2 and 4.3.
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Figure 42: Normalizad resistivity as a fimclion of temperature for (Lay oDy 25 (Mg Fe, )0q
with x=0.0,0.1 and 0.2 at 0T magnetic field.
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Figure 4.3;: Mamziized reaiativity as a function of lemperature for {La; sDg 250 W Mng, Fe Y0y
wilh x= 0.0, 0.1 and 0.2 at 0.7T magnetic fAeld
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From figures 4.2 and 4.3 it is observed Lhat for all samples resistivity first increase with
the decrease in temperaiure, and show a metal- insulator transition with a peak in the
etectrical resistivity p, al a temperature T, For T>T, resistivity decreases with the
increase of temperature. For insularing behaviour it is noted that dp/dT<0 for T>Tj,. But
for T<T,, the sample showed metallic charcter with dp/dT>0. Concentraling on the
behaviour of temperalure dependence of resislivity it is observed that T, decreases but

resistivity increases wilh the cxternal magnetic field which is shown in the table 4.2.

Dorr etal[l] observed a metal insuimor transition near a ferromagnetic ordering
temperature which is associated with a large negative magnetroresislance for the double
layered polycrystalline buik samples Laj.3,51r12:Mn2037 with doping levels of x = 0.3 and
0.5.

Asano etal[2] reporied the results on the MR propemies of epitaxial film and
polycrystaliine bulk samples of double layered perovskite Lap 3,Cajs2Mn70; (x =0.3).
Large MR effect al temperature around the metal —insulator transition was observed for

hoth samples.

Basith 2.4l [3] have measured magneloresistive properties of Gd doped polycrysialline
samples of Ruddlesden-Popper series (L2585 )1 Mnr:07 (n=2), sintered at temperature
1100°C for 24 hrs in air, from room lemperature down (o Jignid nitrogen temperature
using standard four-probe technique. In the measurements of Dorr et.al.[1], Asano
et.al.[2], and Basith et.al. [3], the exhibiled electrical and magnetic transport properties in
this double-layered mangenites were described by donble-exchange mechanism.

The tayered perovskite manganiles {La| Dyn+iMng0Oa:; the transport behavior the
simultanecus ferromagnetic and metal- insulator transition can be understood within the

framework of double-exchanges mode) proposed by Zener [4]

The parent material (LaDy):StMnyO5 is a charge transfer insulator. When divalent Sr
jons are substituted in place of trivalent La to produce LajgDyyaSr; oMnaOs, charge



neutrality is disturbed. To keep the materiz] neutral a part of Mn valency changes from

Mn™* to Mn** in the following manner
2 M PR
La; " Dys2” 812" My 3" My, 705

In the La:StMnyO, in which only Mn*"exists. The precsence of Mn“, due 1o the doping,
enables the e, electron of Ma™" jon (o hop to the neighboring Mn** ion via DE which

ultimately mediates ferromagnetism and conduction.

In thc last few years, there have been considerable reporis on the effects of Mp-site
substitution by elements such as Fe, Co, Ni, Al, Cr etc. Kasper et.a1.[5) showed that with
Fe doping at the Mn site caused to decrease of metal-insulator transition temperature.

Xianyu et.al.[6] swudied Fe doped La;,St;Mn0; sysiem. They also reporied with increase
of x, metal-insulator Leansition temperature increases, becomes maximiem at x=0.4 and

then dacreases.

In the present investigation the normalized resistivity increases with increasing Fe
content and the transition lemperature is decreased. When irivalent Fe jons are substituted
in place of rtrivalent Mn to produce (Lay ¢Dyp25r 2KMna.,Fe Oy a pant of Mn valence

changes from Mn™" to Fe** in the following manner
La, &3+D}'l] 23+Sl‘:| 22+1'\"1|'li s-xHMl'l-MHF ExHD'.I'Z'

When Fe is substituled in place of Mn, the disorder introduced by the Fe doping
combined with the replacement of some of the Mn-0O-Mn bonds by Mn-0-Fe bonds:

Mn*-O-Mn""
Fe**-O-Mn*"
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This observation can be explained considering the super-cxchange imeractions in the
arbital disordered siate the exchange interaction Ma’™-O-Mn"" is positive, g1 the same
time the exchange Fe**-0-Mn** is negative[7], so the substitution of Mn>* with Fe** lead

to decrease of transition temperature.

Figures 4.4 and 4.5 show the normalized resistivity as a funclion of temperature for
double layered perovskite samples {La; sTryp 25t 2)(Mn2,Ni )0y with x= 0.0, 0.1 and 0.2
at zero magnetic field and at the presence of 0.7T magnetic Tield respoctively. In those
figure all the samples showed a metal-insulator transition with a peak in the electrical
resistivity around M-I transition tempersture, Tp like Lhe previous double layered
samples. Here the increases of Ni doping concentration the resistivity increases but M-

transilion lemperature, T, decreases,

When Mn is substituted by Ni, the combination of Ni*” and Mn*" has been observed Lo be
favourable. When divalent Ni ions are substituled in place of irivalent Mn o produce
{Lay sDyo 281 2XMnz Ni, }05 charge neutrality is disturbed. To keep the material neutral
a part of Mn valence changes from Mn*" 1o Ni** in the following manner

La, 63+D}'H 23+51‘|1HMI11 s-:—:x3+Mno ;h‘HNiIHOF;z'

With the doping some of the Ni**-O- Ni** bonds and also some of the Mn*"-0- Mn*"
bonds, which are coupled antiferromagnetically with the nearest neighbours appears.
When Ni is substituted in plece of Mn, the disorder imiroduced by the Ni doping
combined with the reptacement of some of the Mn-0-Mn bonds by Mn-0-Ni bonds:

Nt -0- Ni**
Mn*-0-Mn*"

Substitution of Mn by Ni destroys the long range ferromagnetic order and it has been
observed that Ni doping at Mn site weakens ferromagnetism in the magnetic system,
[8]. Thus with the increases of Ni concentration resislivity increases and Lhe metal-

msulator iransition iemperature decreases.
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Sudipla et. al [97 observed with Ni doped Lay, 7Py sMny (Ni, 0y (x=0-0.5} system exhibits

decrease of resistivity and increase of metal-insulator leansition temperature,
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Figure 4.4: Normalized resistivity es a function of lemperature for (La; 5Dy 2 Sry 2 )}(Mns Ni JO+
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Figure 4.5: Normalized resistivity as a function of temperature for (La, 5D, 28r XM, Ni YO,
with x= 0.0, 0.1 end 0.2 at 0.7T magnetic field.
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Table 4.2: Transition temperaiures, Tj, and normalized resistivity al Lhe magnedic field 0T
and 0.7T

Sample Composition T, . T, Pl
atiT at 0T M d7TT at 0.7T
{LamD}'MSr. z]MﬂzD‘j 135 2.51 150 2.42
{.[..ﬂ|l,5D}'{|_le'] ZIMﬂ]_qFEn |p",r 125 4,34 134 4,19
(T2 :Dy250, (M aFes )07 | 112 10.30 121 9.49
(La. 5Dj"u15f|1)(Mﬂ]3N-in |}D'J' 119 4.68 131 4.81
{L.a; s Dyo 250, 21 Mn s Nig 2 )05 103 524 17 568

In Lhis investigation it is also observed that m the presence of 0.7T magnetic field Lhe
value resistivity decrease to lower values but M-I transilion temperature, T, shifis
towards the higher temperature region. Fe and Ni substitution may also favor the charge
carrier delocalization induced by the magnetic field, which suppresses the resistivity. The
application of magnetic field enhances magnetic spin order and due Lo this ordering, the
femomegnetic metallic siate suppresses the paramagneiic insulating siate, which
ultimately shifi T, rowards the higher temperature region.

4.3 Magnetoresistance of varions polycrystalline samples

Mapnetoresisiance (MR) refers o the relative change in the electrice] resistivity of a
material on the application of an external magnetic field. MR is generally defined as

MR% = - {p(H) - p (O} p (0)x 100

Where p(0) is the resistivity obtined without magnetic field and p(H) is the resistivity

measured under magnetic field 0.7T. The magnetroresistance as a function of magnetic
ficld for samples{La, , Dy, ,Sr, XMn, Fe_/Ni YO, (x=0.0, 0.1, 0.2) were calculated at
room temperature (300K and ol liquid nitrogen temperature (78K). Typical MR cunves

as function of magnetic field obtained at room temperature are shown in figure 4.6, Room
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temperaiure MR is found Lo be very low with a maximum value 1.69% with in the range
of 0 to 860 mT and was almost linear with field.

A lsrge value of MR is observed at 78K in the presence of low applied magnetic (ield.
Hence it is clear that the degrees of spin polarization in these manganites are temperature
dependent and increases with decreasing temperature just like Rj.AMn(Os manganiles.
At low temperalure (78K} the strong linear field dependence of MR exists for a field of
upto H* as shown in figure 4.7. The magnetic feld H* designates the boundary of the
two slopes. Beyond H* the inagnelroresistance is a weak function of the applied inagnetic
feld. In this work about 27% of the MR is observed at H* = 327 mT, for
(L2 Dyn 251 :XMn, sMig 5)0. In these cases, applied magnetic field was perpendicular to
the sample. The value of MR the corresponding H* for each sample at the liquid nitrogen
temperature {78K) are shown in table 4.4, Tt is observed that with the increase of Fe and

Ni doping the percentage of MR is increased.
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Figare 4.6: Magnelorcsislance {MR) as a funciion of magnesic field a1 room temperature for
various polycrystalline samples
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Table 4.4: Table for H*, MR at H* and Maximum MR al 78K for various polycrystatline
materials

Sample Composition Maximom H* (mT) MR% mAximom
H{mT) MR

[Lﬂj SD}'o gS]'l z]MI'I';O’F 223 E2.42 17.08

(La; oo 251y 2 KMin, oFgy | Ky 293 12.57 18.22

(Eay oDy 2%y DM sFeq 1004 B&D 312 13.37 1767

(La ;Do 18y KMy Nig 10y 300 17.14 2094

(Lay sByp 231y KM g Nip 2300 3z 20 81 27.20

The two siopes MR at low emperature were explained by Akther Hossain et. al [10] in
following grain and grain boundary model. According this mode!, the materials are
subdivided into domains and low applied [eld is quite sufficient to align the domain
spins and thus a sharp decrease in MR is observed. But to align the misaligned spins at
the domain boundary regian reguires much larger ficld teading to weak field dependence.
At T << T, the malerial is in the ferromagnetic regime. In the absence of the field the
magnetization of the grain of (he polycrystalline material will be like that in fig. {a). The
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individual spins 2t the grain boundary region arc randomly oriented. In the ahsence of
the field, a carrier will suffer scattering from Lhe unaligned megnetic domain, as well as
disordered spin at the grain boundary region. By applying a low magnetic field, the
magnetization of exch grain slarls to align towurds the direction of the external magnetic

field as fig. (b}. However, a large magnetic field is required to align the spims of the grain

boundaries.
Hegxt=0 Hoxt=H* Hoy>H*
L) X f
4
7A) A
@ @ et © Hext

Figore 4.8: Schematic illustration of demain-boundary tremsport in 2 polycrystalline mixed-

valence mangarite

The other possible explanation of low field MR effect in these manganites is that when
Lraveling across the grain boundary, conduction electrons may be subjecled 1o a strong
spin-dependent scatiering. This scattering is reduced if a low external magnetic field can
alipn the magnetizations of the neighbouring grains.

4.4: Activation energy

The insulating-like behaviour of resistivity m temperature above Tp generalty can be
explained by activation energy for the samples which is calculated from the slopes of
streight lines using the relation

P=p, Xl (K, T) e (42)

where, E; is the sctivation energy and Ky, is Lhe Bollzmann constant. in [igure 4.9 Inp/po
is plotted against 1/T for various (La, Dy, ,Sr, XMn,  Fe /Ni_ 0, (x=0.0,0.1, 0.2}
samples at sintering temperature 1100° C and applicd magnetic field 0 T and 0.7 T. The

(=



temperature region is considered from transition temperature to roam temperature for the
respective polycrystafline samples.
Activarion encrgy is then given by

Eo = [ Inp/po]Kn

The corresponding activation energies for different samples are given in table 4.5.

Table 4.5: Activation energy {meV) of the polycrysialiing samples

Sample Compaosition Activation energy (me¥) | Activation energy {(meV)
aT 0.9T

(L cDryp 251y MmOy 5.61 5.53

(Ea oDy 251y DHMAy Feg K, 8.4 7.00

(L2 sDryo 281y o )M, WFeg 20 12,52 12.35

(La, gDyg 250y 2(Mn, oMig K 7.29 .44

(La; sDrvg 2507 2 My (Mg 220 7.97 7.3

Figure 4.9 shows that the activation energy with applied 0.7 T magnetic ficld is smaller
than that of the energy without magnetic field .All the samples show very good lincar
behavior in the In{ppn} vs /T curve which suggesi that conduction occurs through a
thermally aclivated process. [i f]
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Figure 4.9: Inp/py is plotied against 1/T for various polycrystalline samples
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Chapter-5

Conclusions

Magnetoresislive propertics of (Lay sDyp2Sr; XM Fey/Ni )07 bulk polycrystalline
samples prepared for doping levets (x =0.0,0.1,0.2) and sinlered at 1emperature 100°C
for 24 hours in air were investigated from room temperaiure down 1o liquid nitrogen
temperature using standard four-probe techniquc at an applied magnetic field 0T and
0.7T, The structure and phase purity of the samples were checked by powered X-ray
diffraction (XRD) using MoK, radiation by X-ray Diffractometer.. The XRD patterns
have confirmed the homogenous and single phase perovskite structure of all the samples
with no significant trace of impurity.

In the present investigation alt the samples exhibit metal-insuletor (M-1) transition when
the lemperature is decreased from room temperature down to liquid nitrogen iemperalure,
This M-I transition has been interpreted within the framework of Zener double exchange

mechanism.

Although the magnetic moment of Fe {Sug) is higher than that of Mn*" (4pp), one can see
that the normalized resistivity increases wilh increasing Fe conterl and the transition
temperature is decreased. This observation can be explained constdering the super-
exchange interactions in (he orbitat disordered stale the exchange interaction Mn* -O-
Mn>* is positive, @l the same time the exchange Fe''-O-Mn™" is nepstive, so the
substitwtion of Mn®* with Fe** [ead to decrease of transition temperature. Substitution of
Mn by Ni destroy the long range ferromagnetic order and it has been observed that Ni
doping a1 Mn site weakens ferromagnetiam in the magnelic system.Thus with Lhe
increases of Ni concentration resistivity increases and the melal-msulator transition

temperanire decreases. But this substitution of Ni is Tp and resislivity is smaller than Fe.

The resistivity vs teinperature graphs with applied feld in the same samples show similar
behaviour except the enhancement of M-I transilion temperature by few Kelvin. This
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would be due to the suppression of spin fluctuations witk Lhe applied [ield in Lhe
paramagnetic region.

MR behaviour al room temperature for all samples found very low and is almost linear
with field. At 78 K, a sharp incrcase of magnetroresistance was observed at low
magnetic fields followed by a weak and linear dependence at high figlds. The observed
fow temperature MR in these manganites can be attributed to grain and grain boundary
effects.The plot of In {¥pg} vs T suggests that conduction occurred through a thermally

activaled process above the transition lemperature.
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