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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. 
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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 

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

Role of spin-orbit coupling on electron scattering 

The magnetoresistance can be longitudinal 
or transverse, depending on whether the 
magnetic field is applied in a direction 
parallel to or perpendicular to the direction 
of the electrical current, respectively. 



Now the anisotropy in magnetoresistance is defined as 

ferromagnetic anisotropy of resistivity  FAR 

•The largest value of FAR at room temperature so far reported in the literature is 

6.5% for the Ni70Co30 alloy. 

• exceeds 10% at the liquid nitrogen temperature of 77K. 



Domain walls 



Fe–Co and Fe–Ni ferromagnetic alloys are used as magnetic field sensors 
because they possess a large magnetoresistance. 

The magnetoresistance can be longitudinal or transverse, depending on 
whether the magnetic field is applied in a direction parallel to or 
perpendicular to the direction of the electrical current, respectively. 

An initial large change 
in resistivity is 
accompanied by growth 
of magnetic domains 
parallel to the direction 
of the magnetic field. 
Once it is saturated, the 
resistivity changes more 
or less linearly with 
increasing magnetic 
field. 

 







• Anisotropic Magnetoresistance – Reported in 1857 by British 
physicist Lord Kelvin. 

• When a current is passed through a magnetic conductor, resistance 
changes based on the relative angle between the current and the 
conductor’s magnetization. 

• Resistance increases when current is perpendicular to 
magnetization and decreases when current is parallel to 
magnetization. 

• Cause:  electron spin-orbit coupling 
• Used as the basis of hard drive reading before GMR was 

discovered. 
 



http://www.hkd.co.jp/english/amr_tec_amr/ 



Ideal characteristics of an 
AMR sensor with (red line) 
and without (dotted line) 
barber poles 

Barber’s pole 

http://www.emg.tu-bs.de/forschung/mag_sens/amr_e.html 



The purpose of the barber-pole is to create 
a current vector (i) at 45o to the direction of 
the easy axis magnetization (M).  

 
In the absence of an external field, R is R0  

 
A positive magnetic field H rotates M and 
decreases R.  

 
A negative magnetic field H decreases the 
angle between M and i and increases R.  

http://www.resistorguide.com/magneto-resistor/ 





The Nobel Prize in Physics 2007 
Albert Fert, Unité Mixte de Physique 
CNRS/THALES, Université Paris-Sud, 
Orsay, France 

Peter Grünberg 
Forschungszentrum Jülich, 
Germany 

That year's physics prize was awarded for the technology that is used to read 
data on hard disks. It is thanks to this technology that it has been possible to 
miniaturize hard disks so radically in recent years. Sensitive read-out heads are 
needed to be able to read data from the compact hard disks used in laptops and 
some music players, for instance.  

Giant Magnetoresistance (GMR). 

http://upload.wikimedia.org/wikipedia/commons/b/b8/Peter_Gruenberg_01.jpg�
http://upload.wikimedia.org/wikipedia/commons/d/d4/Albert_fert_15_janvier_2009_Spintronique_Paris_Descartes.JPG�


This effect has been observed in magnetic multilayers, e.g. Fe/Cr, where the 
alternate ferromagnetic layers couple anti-parallel to each other. Under the 
influence of a magnetic field the relative orientation of the magnetization of 
the layers changes and the electrical resistance decreases to a minimum 
when the magnetisation directions of the layers are parallel. This effect gives 
rise to resistance changes of 50-80%, and the effect has been termed giant 
magnetoresistance (GMR). 

 

• System:  
– a thin layer of 

nonmagnetic material 
sandwiched between 
two layers of magnetic 
material.  

• Right:  a Fe-Cr-Fe trilayer 
 

Giant Magnetoresistance (GMR). 

http://physicscentral.com/explore/action/magnetoresistance.cfm 



Scientific Background on the Nobel Prize in Physics 2007  
 

The Discovery of Giant Magnetoresistance  
 

compiled by the Class for Physics of the Royal Swedish Academy of Sciences  

https://www.kva.se/globalassets/priser/nobel/2007/sciback_fy_en_07.pdf 



• Discovered independently by Professor 
Albert Fert of Université Paris-Sud in 
France and Professor Peter Grünberg of 
Forschungszentrum in Jülich, Germany.  
 

• Both groups submitted papers to Physical 
Review in the summer of 1988. 
 



Science of GMR 
 Giant magnetoresistance 

The Fe/Cr multilayered film consists of alternate stacks of the 
ferromagnetic Fe and non-magnetic Cr layers. 

M. N. Baibich, et al. 
Phys. Rev. Lett. 61 
(1988) 2472 

 
Mizutani 

Mizutani 



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



E.Y. Tsymbal and D.G. 
Pettifor 



The change in the resistance of the multilayer arises when the applied field 
aligns the magnetic moments of the successive ferromagnetic layers 

In the absence of the magnetic field the magnetizations of the 
ferromagnetic layers are antiparallel. Applying the magnetic field, which 
aligns the magnetic moments and saturates the magnetization of the 
multilayer, leads to a drop in the electrical resistance of the multilayer. 

The interlayer exchange coupling is mediated by the itinerant electrons in the 
metallic spacer layer and is an analogue of the Ruderman-Kittel-Kasuya-Yosida 
(RKKY) interaction between localized magnetic moments in a non-magnetic host 
metal. The interlayer exchange coupling oscillates between ferromagnetic and 
antiferromagnetic as a function of the thickness of the nonmagnetic layer. By 
choosing an appropriate thickness of the non-magnetic layer it is, therefore, 
possible to create an antiparallel configuration of the ferromagnetic layers and then 
reorient (align) the moments by an applied magnetic field. 



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



E.Y. Tsymbal and D.G. Pettifor, published in Solid State Physics, ed. by H. Ehrenreich and F. 
Spaepen, Vol. 56 (Academic Press, 2001) pp.113-237 





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



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



• The electrical conductivity in metals can be described in 
terms of two largely independent conducting channels, 
corresponding to the up-spin and down-spin electrons, 
and electrical conduction occurs in parallel for the two 
channels. 

• In ferromagnetic metals the scattering rates of the up-
spin and down-spin electrons are different. 

 (We will assume that the scattering is strong for 
electrons with spin antiparallel to the magnetization 
direction and weak for electrons with spin parallel to the 
magnetization direction.) 
 
 

Mott Model 



U 





spin-up and spin-down electrons to 

experience different average potentials 

See 
Mizutani 

The 3d band in the Fe layer is split into 
spin-up and spin-down sub-bands due to 
the exchange energy U. 

εFe is the mean energy of the Fe-3d 
band in the absence of U. 

The detailed calculations show that 



E.Y. Tsymbal and D.G. Pettifor, published in Solid State Physics, ed. by H. Ehrenreich and F. 
Spaepen, Vol. 56 (Academic Press, 2001) pp.113-237 



are in general spin-dependent, 

In ferromagnetic metals these quantities are different for the up- and down-spin electrons. 



“Electronic band structures (left panels) and the density 

of states (right panels) of Cu (a) and fcc Co for the 

majority-spin (b) and minority-spin (c) electrons. The 

band structure of non-magnetic Cu is same for the up-

spin and down-spin electrons. It is characterized by the 

fully occupied d bands and the presence of a dispersive 

sp band at the Fermi energy, which result in high 

conductivity of Cu. The electronic structure of 

ferromagnetic Co is different for the two spin 

orientations and is characterized by the exchange-split d 

bands. The Fermi level lies within the sp band for the 

majority-spin electrons, which leads to high conductivity 

of majority-spin channel. The Fermi level lies, however, 

within the d band for the minority-spin electrons 

resulting in low conductivity of the minority-spin channel. 

In the latter case the sp electrons are strongly 

hybridized with the d electrons, which diminishes their 

contribution to conduction”.(Mott) 

 
from E.Y. Tsymbal and D.G. Pettifor, published in Solid State Physics, ed. by H. 
Ehrenreich and F. Spaepen, Vol. 56 (Academic Press, 2001) pp.113-237 



the resistance of the spacer layer is small as compared to the 
resistance of the ferromagnetic layers. 

the spin asymmetry parameter is defined by 

2 

E.Y. Tsymbal and D.G. Pettifor, published in Solid State Physics, 
ed. by H. Ehrenreich and F. Spaepen, Vol. 56 (Academic Press, 
2001) pp.113-237 



For the Co/Cu multilayer this leads to a GMR value of 130%, which is 
very close to the best published experimental result of 120%. 

for Fe/Cr gives a GMR of 30%, far below the highest 
ever observed value of 220% 

the above model is too simplified 

the properties of the FM/NM interface which were 
ignored in this estimate. 



The finite resistance of the spacer layer may also be taken into account, 

in order to obtain higher GMR, it is important to have a low resistivity of 
the non-magnetic spacer layer.  

suggests that the resistance of the parallel configuration is always 
smaller than the resistance of the antiparallel configuration.  In most 
cases this statement is correct.  

E.Y. Tsymbal and D.G. Pettifor 
Solid State Physics, ed. by H. Ehrenreich and F. Spaepen, Vol. 56 
(Academic Press, 2001) pp.113-237 



E.Y. Tsymbal and D.G. Pettifor 





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





http://www.research.ibm.com/research/demos/gmr/1.swf�


   The FL is unusually composed of soft magnetic materials so that can change the 
magnetic direction with an application of a small magnetic field.  The NM layer is a 
separate layer to eliminate the magnetic coupling between the FL and PL and to 
realize free magnetic rotation in the FL.The AF magnetically couples with  the PL 
across the interface and cause the exchange bias effect on the PL.  

FL 
NM 
PL 

AF 

Structure of single 
spin-valve film 

The prototype of the single spin valve film is Ni80Fe20/Cu/Ni80Fe20/Fe50Mn50. 
 
PtMn-based spin valves show excellent thermal stability of he MR properties owing to high 
TN > 350oC and widely used for read heads 

Single-Spin-Valve 









http://www.pcguide.com/ref/hdd/op/heads/techGMR-c.html 
http://www.chem.wisc.edu/courses/801/Spring00/Ch1_3.html 





GMR Read head Structure 

The MR element in a shield gap is 
composed of a spin-valve film 
(SV), with a cap layer(CL), and 
under layer(UL) leads (L) and 
hard magnets(HM). 

SV 
FL 

PL 
The easy axis of the FL  makes a right angle against that of  PL. 
The direction of the signal field is parallel to the easy axis of PL. 
and perpendicular to that of FL. 

L L 

HM HM 

CL UL 
SV 





 Magnetoresistive head for hard-disk recording. Schematic structure of 
the magnetoresistive head introduced by IBM in 1991.  



Giant MR Heads 
 Works on the same general 
principles of MR heads 
 But uses some what different design that 
makes them superior in several ways  
 The name “Giant” is not due to the size, 
but due to the superior technology 

 They are more sensitive 

 By December 1997, IBM introduced their 
first hard disk with GMR heads  

 GMR are used in latest technology 
drives which capacities up to 75 GB 
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