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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

Recap 



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 dependence of electrical 
resistance on the angle 
between the direction of 
electric current and 
orientation of magnetic field  

Spin-orbit coupling leads to 
spin dependent scattering of 
conduction electrons 

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







Double exchange 
 
 
 
 
 
 
 Mn3+ Mn4+ O2- 

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



http://www.jst.go.jp/sicp/ws2009_sp1st/presentation/15.pdf 

S. Yuasa et al. 



http://magnetism.eu/esm/2005-constanta/slides/deteresa-slides.pdf 

J.M. de Teresa,  
Universidad de 
Zaragoza, 
Spain, ESM 
2005 Constanta 



Tunneling magnetoresistance (TMR) is a dramatic 

change of the tunneling current in magnetic tunnel 

junctions when relative magnetizations of the two 

ferromagnetic layers change their alignment.  

TMR is a consequence of spin-dependent tunneling.  



See:  

M. Coldea, Magnetorezistenta, efecte si aplicatii  

 

 

J.M deTeresa, New magnetic materials and their functions, 
2007, Cluj-Napoca, Romania. Summer School 

L. Ranno, Spin dependent tunnel transport and spin 
polarization, 2003, Brasov.Romania. Summer School 

 

http://esm.neel.cnrs.fr 
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http://magnetism.eu/esm/2003-brasov/slides/ranno-slides-1.pdf 

L. Ranno, Spin tunel course, Brasov, 2003, Lab. Louis Néel Grenoble 
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tunnel transport and spin 
polarization, 2003, 
Brasov.Romania. Summer 
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L. Ranno, Spin dependent tunnel transport and spin polarization, 2003, 
Brasov.Romania. Summer School 
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if the insulator has d electrons the Co d structure is dominant. For the measurement we 
can deduce with STO the d tunneling is favored and with ALO the s structure. 

http://magnetism.eu/esm/2005-constanta/slides/deteresa-slides.pdf 



http://magnetism.eu/esm/2003-brasov/slides/ranno-slides-1.pdf from L. Ranno 
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S. Yuasa et al., Nature Materials 3, 868 (2004). 
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Summary of TMR record values in MTJs 

S. Yuasa et al., Nature Materials 3, 868 (2004). 







http://www.jst.go.jp/sicp/ws2009_sp1st/presentation/15.pdf 

S. Yuassa et al. 



Film deposition scheme 

Underlayers: to make a flat interface 
induce crystalline oriented structure 

Antiferro layers : to pin the hard layer 

FeMn, IrMn, NiO.. 



illustration of a typical MTJ structure  

Nano-Semiconductors: Devices and Technology 
edited by Krzysztof Iniewski 





MRAM 

One of  the two plates is a permanent magnet set to a particular polarity, the other's field 
will change to match that of  an external field.  

Magneto resistive random access 
technology (MRAM) for better memory 
storage 

https://www.westfloridacomponents.com 
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