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Giant magnetoresistance in perovskite oxides.
1. Magnetoresistance - why study it ?
2. Materials showing giant magnetoresistance (GMR)

Mutltilayer and granular films, nanostructured materials.
3. The GMR in perovskite oxides

Basic observations

Structure, chemistry and the physics

4. The thin film aspect of the GMR materials

Growth, nanostructure and special properties if any distinct

from the bulk.



Magnetoresistance : (Change in resistance in 2 magnetic field)

Ap(H)=p(H)-p(0) ; MR ratio (%) =Ap/p(0)

Caution : often MR defined as Ap/p(H)

When the MR is negative and Ap/p(0) ~— 100%

Ap/p(H)y— — o= !

Vagnetoresistive sensors (generally used as films) need

1. Large Ap(H) in low H

2.Reproducible MR and long life time

3.Fast response for high bandwidth data reading

4.Low electrical noise (conductivity noise)



Magnetoresistance can be positive or negative:

Positive MR

1. Orbital effects : Generally small in pure metals. In hopping

conductivity region can be substantial. Large in some semiconductors.

2. Pair breaking in superconductors :Large effects.

Negative MR

1. Suppression of Quantum interference : negative MR in

the weak localization limits (generally not too large)

2. Magnetic origin (scattering from spins): can be very large

in materials with ferromagnetic interactions.



Giant magnetoresistance (GMER)
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Search for new materials for sensitive MR sensors:

1. Ferromagnetic alloys like permalloy (Ni-Fe)

already in use in computer read head and the current work horse

2.Metallic Multilayer films (e.g, Fe/Cr) of alternate FM
thin layers coupled antiferromagnetically (t> 1988)
3. Granular films or ribbons consisting of ferromagnetic
globules (e.g, Co) in an AFM or noble metal matrix
(Cu). (t>1992)

4. Bulk (polycrystalline or single crystal) and epitaxial

films of oxides of general formula (t > 1994):
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Graimlar solids

can be made as thin films, ribbon and even bulk
(Berkowitz et.al Phys. Rev. Letts. 68, 3745 (1992) and
Xiao et.al Phys. Rev. Letts. 68, 3749 (1992)

Uses immiscibility gap of constituent elements

Typical structure: Fe ovCo
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The oxide Materials
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Basic Observakons (a 2+ , 3
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Lay, ;Cay, ,MnO,
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For electronic t'rans?cnt:
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Since  electron transfer from
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Making the oxide films
Pulsed Laser Ablation of a polycrystalline target of the

given chemical composition.
rAlso RF magmelron sputterin MocvD GE‘-"’"P.&S]
{ g p 7

Conversion of optical energy to KE of the target atomic particles
with energy typically 50-800eV and a beam like characteristics
Typical :

Laser used KrF Excimer laser ( 248 nm, 250mJ/puise, pulse duration

20nsec. ) Lﬂ Sey

Energy on target :2-10 J/cm?

Substrate
terget temperature : 600 C-800C Sul: chale
(Ts)
Partial pressure of oxygen: Few mTorr.
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Chafacterization of the GM'Roxide films :
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La, ,Cag;MnOj; (small grained)
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