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• Semiconductor Spintronics: the use of the 
electron’s spin in addition to its charge in 
semiconductor devices

• This holds promise of combining multiple 
functionalities (Storage, logic, data processing, 
communications) in a single chip 

• Ultimate goal: quantum computation
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GaAsGaAs Crystal Structure with Crystal Structure with MnMn
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• Electric field control of FM•• Electric field control of FMElectric field control of FM
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Theory of FM in DMSsTheory of FM in DMSsTheory of FM in DMSs
• Mean Field Theory & Zener’s model•• Mean Field Theory & ZenerMean Field Theory & Zener’’s models model

Mn Spin Free energy: Fs = ½ αS2
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[Ferrogmagnetic when (α−β2/γ) < 0.]
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Minimize F = Fs+Fc+Fint s = (β/γ)SMinimize F = Fs+Fc+Fint s = (β/γ)S
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• Anomalous Hall Effect•• Anomalous Hall EffectAnomalous Hall Effect
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SpinSpin--Orbit ScatteringOrbit Scattering——
Skew S. and SideSkew S. and Side--jump S.jump S.

Engle, Rashba, and Halperin, Cond-mat 2006
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• Fabrication of two-dimensional devices 
with low carrier concentration and high 
mobility with the ultimate objective of 
making the first ferromagnetic quantum 
dot

• Development of a scheme for the 
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annealing, to buried 2D hole/electron gas
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• Square QW

Easier to grow

Less impurity for 
scattering

Reduced presence of 
MnI
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Ohmic contact to Ga1-xMnxAsOhmic contact to GaOhmic contact to Ga11--xxMnMnxxAsAs

No AnnealingNo AnnealingNo Annealing 470 °C for 30 s470 470 °°C for 30 sC for 30 s

• Ferromagnetism in perpendicular field• Ferromagnetism in perpendicular field
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• Hall Bar Pattern•• Hall Bar PatternHall Bar Pattern
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• Density & Mobility
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• Hysteresis•• HysteresisHysteresis • Curie Temperature•• Curie TemperatureCurie Temperature



MAGNETO-TRANSPORT MEASUREMENTSMAGNETOMAGNETO--TRANSPORT MEASUREMENTSTRANSPORT MEASUREMENTS

• Two slopes vs. one slope model •• Two slopes vs. one slope model Two slopes vs. one slope model 

F-test confidence level greater than 99.9%FF--test confidence level greater than 99.9%test confidence level greater than 99.9%
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Heisenberg Exchange AnisotropyHeisenberg Exchange Anisotropy
Spin-Orbit—Second Order Perturbation

From: Randy Fishman

Dipole-Dipole Interaction (~ 100µev)
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• We have successfully designed a 2D Ferromagnetic 
gas with excellent gating capabilities

• We can make ohmic contact to the 2D gas without 
destroying the Ferromagnetism

• We have shown the first clear evidence of electron-
mediated ferromagnetism in GaMnAs

• We have set the first clear bound on the AHE in an 
electron mediated DMS compared to a hole mediated 
DMS

• Domain size study
• Simpler structure with better mobility
• First ferromagnetic quantum dot
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AHE: Berry Phase (intrinsic)AHE: Berry Phase (intrinsic)


