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Colossal Magnetoresistance 
 

(CMR) 

http://www.tandar.cnea.gov.ar/~sacanell/CMR/ramirez.pdf 
 
http://www.tandar.cnea.gov.ar/~sacanell/CMR/Review%20coey.pdf 

see 

http://www.tandar.cnea.gov.ar/~sacanell/CMR/ramirez.pdf�


Magnetoresistance is the property of a material 
to change the value of its electrical resistance 
when an external magnetic field is applied to it. 

 

 

The level of magnetoresistance shown by a material is 
usually expressed in terms of the percentage change 
in resistance from the highest to the lowest 
resistance and is usually of the order of a few 
percent. The main application for MR sensors is in the 
read heads of hard disk drives. 

)0(/))0()(( ρρρ −= HMR



Ordinary  
Magnetoresistance 

Lorentz force acting 
 on trajectory of  
electron;longitudinal  
magnetoresistance  
(MR). 

A.D. Kent et al 
J. Phys. Cond. 
Mat. 13, R461 
(2001) 



Anisotropic MR Role of spin-orbit coupling on electron scattering 

A.D. Kent et al 
J. Phys. Cond. 
Mat. 13, R461 
(2001) 







Magnetoresistance  
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•for most metals MR is small (few percents) and positive 

•if scattering is independent of the magnetic field:  

)('))0(/( τωρ cFHFMR == in a weak field:  

•MR could be negative if scattering is affected by the 
(ferro)magnetic order  

•giant and colossal magnetoresitance (GMR, CMR)-from factors 
of the order of unity (MR=20-90%) to several orders of magnitude  
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Tokura, Rep. Prog. Phys. 69 (2006) 797–851 



The phases of La1-xCaxMnO3  

•metal-insulator transition/ 
magnetic transition occur at 
the same temperature  

•strong coupling between 
magnetic and transport 
properties 

Schiffer et al.,PRL,75 
(1995)3336 



•Reduction of resistivity with small 
magnetic fields - important 

•Application in “read sensors” 
•Understand the close coupling between lattice, 
electronic and magnetic degrees of freedom 

Potential applications in read sensors,  
but critical temperatures must increase. 

Tomioka et al. Physics of Manganites. Edited by Kaplan and Mahanti 
Kluwer Academic/Plenum Publishers, 1999 



FMM 

PMI 

LaMnO3 CaMnO3 

La1-xCaxMnO3 

FUNDAMENTALS OF DOPED MANGANITES     A1-xA’xMnO3 

Perovskite structure 

Charge doping via A A’  substitution  
A trivalent rare earth / A’ divalent metal  

AMnO3 

Mn mixed valence:  
Mn3+ / Mn4+ 

Colossal magneto resistance  

Cheong, S.-W., Hwang, H.Y., 1999. In: Tokura, Y. (Ed.), Contribution to 
Colossal Magnetoresistance Oxides, Monographs 
in Condensed Matter Science.. Gordon & Breach, London. 





MIXED VALENCE MANGANITES 
(R,A)n+1MnnO3n+1 Ruddlesden-Popper Series  R=RE 
       A=Sr,Ca 

Alternative Stack  Rock-salt layers (R,A)2O2 
   Sheets n-MnO2 

STRONG ANYSOTROPY IN CHARGE                                                    
TRANSPORT AND MAGNETIC PROPERTIES 

http://n.ethz.ch/~nielssi/download/4.%20Semester/AC%20II/Unterlagen/perovskites.pdf 



•The doped perovskites ABO3              
(A = La, Sr, Ca, Eu; B = Mn, Co) 
were intensively studied 
experimentally and theoretically 
in 1950 –1970  

 

•Colossal magnetorezistance  
(CMR) effect – renewed interest 
in La-A-Mn-O3 compounds (A = Ca, 
Sr, Ba) 



Advances in Ceramics - Electric and Magnetic Ceramics, Bioceramics, Ceramics and Environment 
Edited by Costas Sikalidis, ISBN 978-953-307-350-7, 562 pages, Publisher: InTech, Chapters published September 06, 2011 
under CC BY-NC-SA 3.0 license 

 

http://www.intechopen.com/books/editor/advances-in-ceramics-electric-and-magnetic-ceramics-bioceramics-ceramics-and-environment�
http://creativecommons.org/licenses/by-nc-sa/3.0/�


Basics 
  

• ABO3 distorted cubic-perovskites 
 
 
 
 
 
 
 
 
 
 
 

  
 

A 
O 

B 

http://www.chemie.uni-halle.de/bereiche_der_chemie/anorganische_chemie/ak_prof._dr._ebbinghaus/ 



Perovskite Materials - Synthesis, Characterisation, Properties, and Applications 
book edited by Likun Pan and Guang Zhu, ISBN 978-953-51-2245-6, Published: February 3, 2016 under © The Author(s). 



Colossal magnetoresistance: 
Ram Seshadri (seshadri@mrl.ucsb.edu) 



Electrons’ interaction in                        
La1-xCaxMnO3  

•Mn mixed valency  Mn3+(3d4)/Mn4+ (3d3) 

•x = 0 & x = 1--------antiferromagnetic insulators 

•La3+;   Ca2+  number of Mn4+  ---> x  

Hund coupling~0.8 eV  

Mn3+-Mn3+ and  Mn4+-Mn4+  superexchange 
interactions can have any sign 

LaMnO3 
CaMnO3 



RELEVANT INTERACTIONS  
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Double exchange 
 
 
 
 
 
 
 

Mn3+ Mn4+ O2- 

Colossal magnetoresistance: 
Ram Seshadri (seshadri@mrl.ucsb.edu) 



•DOUBLE EXCHANGE INTERACTION 
(Zener and de Gennes, Anderson, Hasegawa  1950’) 
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44
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hopping of misaligned spins 

t ij   ----->t ij cos (θij/ 2)  

E. Dagotto et al. / Physics 
Reports 344 (2001) 1}153 



•   the calculated resistivity is much too small, and has an 

incorrect field and temperature dependence 

 Double exchange is not enough ! 

it fails to explain the quantitative change in resistivity and the very low TC 



An electron in an ionic 
crystal polarizes its 
surroundings by 
Coulomb 
interaction. Electron and 
lattice polarization 
(deformation) together 
constitute a 
quasiparticle (polaron). 

polaron effects are responsible 

E. Dagotto et al. / Physics 
Reports 344 (2001) 1}153 







Comparison of the magnetic localization model with data measured on a good 
quality La0.7Ca0.3MnO3 thin film.  

Viret,  Ranno and Coey, J. Appl. Phys. 81, 4964 (1997)  



Jahn-Teller 
 
 
 
 
 
 
 Mn3+ Mn4+ 

 Distorted 
Regular 



Jahn- Teller distortion 

 when degenerate energy states are unequally 
occupied then the system will be found to 
distort so as to remove that degeneracy  



Mn3+ (Jahn-Teller ion) 

dx
2

-y
2 – stretching of the 

octahedron in xy plane 
d3z

2
-r

2 - stretching of the  
octahedron along z axis 

As a result, the Jahn-Teller gap EJT arises 



Structural Distortions: CaMnO3  

Mn O Mn Mn 
O 

Mn 

Cubic (Pm3m) 
Linear Mn-O-Mn 

Orthorhombic (Pnma) 
Bent Mn-O-Mn 

Perovskite Materials - Synthesis, Characterisation, Properties, and Applications 
book edited by Likun Pan and Guang Zhu, ISBN 978-953-51-2245-6, Published: February 3, 2016 under © The Author(s). 





Charge ordering/orbital ordering 
driven by interatomic Coulomb interactions x = 1/8; 1/2; 3/4  

Mn4+

Mn3+

(a)

(b)

(c)

(a) Charge ordering of Mn3+ and Mn4+ in a mixed cristal 
with x = ½ (b) Orbital ordering of the dz2 orbitals of 
Mn3+ when x = 0. (c) Combined charge and orbital 
ordering when x = ½.  

La1-xCaxMnO3 



Colossal magnetoresistance: 
Ram Seshadri (seshadri@mrl.ucsb.edu) 



Tokura,Rep. Prog. Phys. 69 (2006) 797–851 



STRIPES 

The charge and orbital ordering configurations for    La1-xCaxMnO with x =0, 1/2, and 
2/3.Open circles are Mn4+ and the lobes show the orbital ordering of the eg-electrons of 
Mn3+.  
Figure reproduced from Cheong, S.-W., Hwang, H.Y., 1999. In: Tokura, Y. (Ed.), 
Contribution to Colossal Magnetoresistance Oxides, Monographs 
in Condensed Matter Science.. Gordon & Breach, London. 

 



Mori, Chen & Cheong, Nature, 392 
(1998) 473  

•extremely stable pairs of Mn3+O6 
stripes, with associated large 
lattice contractions (due to the 
Jahn–Teller effect), separated 
periodically by stripes of non-
distorted Mn4+O6 octahedra. 

•These periodicities correspond to 
the commensurate carrier 
concentrations (x = 1/2, 2/3,3/4 
and 4/5): for other values of x, 
the pattern of charge ordering is 
a mixture of the two adjacent 
commensurate configurations. 

electron diffraction 



Tokura, Rep. Prog. Phys. 69 (2006) 797–851 



Tokura,Rep. Prog. Phys. 69 (2006) 797–851 







PHASE SEPARATION  

phase separation manifests as a discontinuity in the 
density of carriers as the chemical potential µ varies (for 
example in a Monte Carlo simulation). It was observed that 
even if µ changes smoothly, there are electronic densities 
that can never be stabilized. If the system is forced to have 
such densities, then the ground state separates 
spontaneously into two macroscopic regions, each 
carrying the phase at the extremes of the density 
discontinuity found varying µ.  

E. Dagotto et al. / Physics 
Reports 344 (2001) 1}153 



From   Uehara et al.  
Nature, 339,(1999) 560    

(LPCMO)  



Phase separation in Pr0.7Ca0.3MnO3  

Pr1-xCaxMnO3, is insulating for any Ca doping in zero magnetic field, although 

the energy difference between the insulating state and a metallic phase for 

x=0.25-0.50 is expected to be unusually small.  

Example: 



•the insulating phase driven metallic at low temperatures by 
applying a magnetic field of a few Tesla.  

•a metallic phase induced by the application of light, pressure, x-
ray irradiation, or a high electric field.  

Tomioka & Tokura 



The magnetization has a history 
dependence with a bifurcation 
between ZFC and FC data at an 
irreversibility temperature Tirr  
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 Figure 1   Deac et al.
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Practical expectations 

Glassy behavior 



χ’(T) displays a rather sharp 
maximum at T>106K in low fields 

• frequency dependence. 

χ”(T) has a peak at T >104K -a 
smaller local maximum at T ~ 
110K suppressed in fields higher 
than 0.01 T.  

•the amplitude of the χ”(T)   peak 
at H = 0 increases with 
decreasing frequency  
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Figure 2   Deac et al.
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low field data -explained as resulting from 

an inhomogeneous phase of ferromagnetic 

clusters within a nonferromagnetic matrix.  

The clusters expand with increasing 

magnetic field to include the entire 

volume of the sample within a 

ferromagnetic insulating state. 





Moreo et al. Sciece, 
283,2034 (1999) 

Renner et al. Nature 416, 

 518-521 (2002) 
From   Uehara et al.  
Nature, 339,(1999) 
560 
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