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Electron Spin

Stern-Gerlach Experiment

The experiment of Stern and Gerlach showed the existence of electron spin. The z 

component of spin angular  momentum has two components +1/2 or -1/2

Figure Pearson  Education Inc



Introduction to Spintronics

Conventional Electronics: Use of devices where the flow of 

charge particles are manipulated by external fields.

Spintronics: Devices where electron spin is manipulated. 

Usually requires creating of non-equilibrium spin density. The 

spins are manipulated by external fields. Working device 

would also require a detection scheme of spin states (direct 

or indirect)

Electronic Spin
Charge current           Spin Current



Introduction to Spintronics

From Stern-Gerlach Experiment:

 Hanle Effect (1924)

 Electric Paramagnetic Resonance (Y. Zavoisky, 1944)

 Optical Pumping (A. Kasler, Nobel Prize 1966)

 Rashba Effect (E. Rashba, 80’s)

 Spin Hall effect (Dyakonov and Perel, 1971, Y.Kato et al. 2004)

 Tunnel and Giant Magnetoresistance (1975 and 1988)

Nobel prize 2007: Albert Fert and Peter 

Grünberg



Giant Magneto-Resistance

In Ferromagnets the scattering rate is spin dependent. 

Solid state spin valve

S.A. Wolf et. al.Science, 294, 1489 (2001), Top figure from Nobel.org



Tunnel Magneto-Resistance

Similar to GMR but based on tunnel junctions; insulating layer betweem two 

ferromagnetic layer

Julliere’s model

S.A. Wolf et. al.Science, 294, 1489 (2001), Zutic, Fabian and Das Sharma, Rev. Mod. 

Phys. 76, 323 (2004).



FeCoB/MgO/FeCoB Tunnel Junctions

• Initial work focused on AlOx MTJs. Maximum TMR was 

70%. Recently 200% TMR reported using amorphous 

CoFeB and MgO

• MgO had a strong (001) orientation unlike amorphous 

AlOx

• Annealing critical in achieving high TMR in MgO based 

tunnel juntions.

W.G.Wang, C. Ni, A. Rumaiz, Y. Wang, X.Fan, T. Moriyama, R. Cao, Q.Y. Wen, H.W. Zhang and JQ Xiao

Appl. Phys. Lett. 92, 152501 (2008)

Effect of annealing on the 

structure.

Very different behavior between 

AlOx and MgO barriers

Discrepancy between theory and 

experimental values for TMR ?

Issues



What happens during annealing?
Crystallization of MgO

Appl. Phys. Lett. 92, 152501 (2008)

Suppression of defects in MgO

Phys Rev B. 73, 205412 (2006)

Crystallization of FeCo

Appl. Phys Lett. 95, 242501 (2009).
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Crystallization of FeCo with B 

migration

And several others!



TMR Applications

Non-volatile memory Read-write head of hard 

drives

Image: Everspin technologies Inc and Wikipedia



From Solid state devices to “free” electron 

 Spin dependent of the IMFP measured in 

ferromagnetic Fe layers on Cu (100). 

 Spin polarized photoemission measurements 

showed Cu 3d electrons become spin polarized by 

transmission through ultra thin Fe films 



From Solid state devices to “free” electron 



From Solid state devices to “free” electron 



From Solid state devices to “free” electron 

Use diamond achieve needed current

Spin filter to achieve polarization

Filter also provides equipotential

Cs termination of Cobalt yields good 

ballistic transport 



Conclusions

• Spin filters in solid state materials are 

established physics

• Ballistic transport devices are also 

demonstrated for modest electron energy

• Need to demonstrate for near-threshold 

energy regime

• New sources possible!


