
  

2008 Nobel Prize in Physics

The Discovery of Giant 
Magnetoresistance

the laureates:
Albert Fert, Universite Paris Sud & Thales

Peter Gruenberg, Forschungszentrum Juelich



  

Enabling technology: MBE
“Spray-painting with atoms:” semiconductor heterostructures

Semiconductor superlattice: GaAs/AlAspioneers, Bell Labs ~1978

Quantum wells, etc (!)



  

Other things to do with the MBE chamber
Metal superlattices?

(1991 Review): “The commercial applications of metallic multilayers so far are belittled 
by the development of semiconductor multilayers, which have created the new field 
of bandstructure engineering and revolutionized semiconductor device design...”

1980's: X-ray mirrors (W/Si)!;  studies of diffusion (Ni/Cu)..  studies of plasticity (Ag/Ni)..
Finite size effects on superconductivity (Nb/Cu) ...
1985- perpendicular magnetic anisotropy (Co/Pd, Co/Au) (MO disks)



  

Macroscopic magnets are 
built of atomic moments

Magnetization 
Is average:

M = Nvµ

permanent
magnet

solenoid 
magnet

same magnetic fields

from internal 
electrons
orbiting

or
spinning



  

All atoms are magnetic…

(esp. in 10 T 
superconducting 

magnet)

Some 
diamagnetic:

M = χ H, 
χ < 0

Some 
paramagnetic:

M = χ H, 
χ > 0



  

Only a few “ferromagnetic elements”

Fe Co Ni

(Gd)



  

Prehistory of GMR: 
“long-range” magnetic interactions in Gd/Y (4/1986)
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Gruenberg enters...
“long-range” magnetic interactions in Fe/Cr (6/1986)
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Antiferromagnetic coupling was be essential for the observation of GMR!



  

Observation of GMR
Who was first? Grunberg (5/1988); Fert (8/1988)

Gruenberg, sort of!



  

Observation of GMR: 
the phenomenon 

What happened?
The electrical resistance

drops a lot when the
Fe magnetizations are

aligned.

[Fe/Cr]20 superlattice,
resistance vs. magnetic field H

∆R/R=1.5%

∆R/R=50%



  

Origin of the GMR effect:
spin-dependent electrical resistance (scattering) in a FM



  

Origin of the GMR effect:
spin-dependent electrical resistance (scattering) in a FM

Fert & Campbell, J. Phys F (1976)

n.b. 38 
yrs old...
GMR 12 
yrs away



  

Introduction to GMR: 
origin of spin-dependent scattering

3d ferromagnets (Fe,Co,Ni):
s→d scattering

•sp-electrons carry current

•scattering into 
 empty d-states:

 (final states)

•D↓ (Ef) : large
high scattering rate: ρ↓ high

•D↑ (Ef) : small
low scattering rate: ρ↑ low



  

Introduction to GMR: optical analogy



  

Observation of GMR
Who got it right? 



  

Observation of GMR
Who got the patent?

Fundamental patent on GMR heads.
Filed 6/16/1988
9 MEuros in licensing, 14 licensees
(KFJ website)

USPO 4949039
“Magnetic field sensor
with ferromagnetic thin layers
having magnetically anti-
parallel components”



  

Making GMR practical: structures



  

Introduction to GMR: geometries

Used today. Used five years ago.



  

Q: Why do trilayers have lower GMR than multilayers?

decreases 
GMR by
surface 

scattering

B. Dieny, et al, APL 1992

multilayers
trilayers

addition of
 surfaces



  

What is giant magnetoresistance (GMR)
Demonstrated: 67 Gbit/cm^2

Shipping: 30 Gbit/cm^2
(Seagate Barracuda, 07)

HAMR: 10 Tbit/cm^2
(Seagate Program)The “GMR effect”



  

The third man

Important to be first!

Nature: By the end of the 1990s, the technology had become standard across the electronics industry, thanks partly to 
the work of physicist Stuart Parkin at IBM's Almaden Research Center in San Jose, California, who came up with a 
simple way to create the thin multilayers. Although Parkin has shared physics prizes for GMR with Fert and 
Grünberg in the past, he was not included in the Nobel announcement. Parkin conducted vital work that 
allowed the effect to be commercialized, but Fert and Grünberg were the ones who discovered it, says Tony 
Bland, from the University of Cambridge, UK. "I think the field will generally see this as fair," he adds.

Stuart Parkin, IBM
30 Phys. Rev. 
Letters on GMR
& related, 1st in 1990

Albert Fert
13 Phys. Rev. 
Letters on GMR
& related, 1st in 1988

Peter Grunberg
3 Phys. Rev. Letters 
on GMR
& related, 1st in 1988



  

Current work building on GMR effect
Spin-polarized transport phenomena (“spintronics”)

1988: First observation of GMR in Fe/Cr (Fert, Grunberg)
1990: General oscillatory coupling in FE/TM (SSP)
1991: Demonstration of the GMR spin valve (SSP, B. Gurney)
1994: Record of 420% GMR in MBE Fe/Cr at 4K (R. Schad)
1995: Record of 110% GMR in epitaxial Co/Cu at RT (SSP)
1995: 15% TMR in MTJ (Moodera)
1996: CPP-GMR experiments interpreted (Fert)
1998: First GMR read head shipped (IBM)
1998: Unified theory of CIP-CPP GMR (Fert)
2000: 70% TMR in annealed Co/Al2O3/Co (SSP)

2000: Demonstration of spin torque switching (Cornell)
2004: Demonstration of spin torque oscillator (NIST, Cornell)
2004: 400% TMR at room temperature in epitaxial Fe/MgO/Fe (SSP)
2006: Lateral spin valves demonstrated (RIKEN)
2006: 70% efficient spin polarized current injection into GaAs (SSP)
2006: Demonstration of nonlocal spin torque (RIKEN)
2006: First MRAM device shipped (Freescale)


