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Spintronics & Pseudospintronics

Chiral 2DES

Bilayer Graphene:  Pseudospin
Ferromagnet?
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Graphene - Pseudospin
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Graphene Bands
Phil Wallace - Physical Review - 1947
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(Pseudo)Spin Coherent States

cos(θ/2)             +sin(θ/2) eiφ

= (sinθcosφ, sinθ sinφ,cosθ)
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Graphene Chiral Fermions
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Neville Mott
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CPP =  Current Perpendicular to Plane
GMR =  Giant Magnetoresistance

Two-Channel Conduction
&

CPP GMR
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CPP GMR -  High Resistance State
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LSDA Theory

Spin Transfer Torques
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Electron Gas Theory
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Exchange

Fermi Sea

Quasiparticle
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Correlation
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Electron Gas Theory
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Electron Gas Theory

k2    σx kx + σy ky 

Chiral

New and
improved
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vF = c/300

αGraphene  = e2/є ћ vF ~ 1

Graphene Continuum Model
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Chiral 2DES
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Interband particle-hole excitations
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Neutral Graphene Fluctuations
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Interband particle-hole excitations

μ

Doped Graphene Fluctuations
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Plasmons
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Quasiparticle-Decay

Presented at the PITP/SpinAps Asilomar Conference in June 2007 Brought to you by PITP (www.pitp.phas.ubc.ca)



ARPES
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Renormalized Velocity
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Renormalized Velocity

Contribution
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Band Energy
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Guinea et al. (1999) Katnelson,
Mishchenko,DasSarma
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Chiral Electron Gas Properties

      χ/χ0 < 1

•  κ/κ0  < 1

•  v/v0   > 1
 Barlas et al. cond-mat/0701257 + PRL to appear
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BILAYER GRAPHENE
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Manchester Nature Phys 2, 177 (2006)
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Bilayer Pseudospin Orientations

kx/kc

k y
/k

c

Presented at the PITP/SpinAps Asilomar Conference in June 2007 Brought to you by PITP (www.pitp.phas.ubc.ca)



Bilayer Pseudospin Orientations

kx/kc

k y
/k

c

Presented at the PITP/SpinAps Asilomar Conference in June 2007 Brought to you by PITP (www.pitp.phas.ubc.ca)



Pseudospin Exchange Fields
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Self-Consistent HF Theory
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Chiral Non-Chiral
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Pseudospin Ferromagnetism

Vgate Vgate
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Phase Diagram
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Giant Electro-resistance

Hot Layer
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Pseudospin Transfer 

voltmeter
0

Giant Electro-resistance
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Giant Electro-resistance

voltmeter
0

Presented at the PITP/SpinAps Asilomar Conference in June 2007 Brought to you by PITP (www.pitp.phas.ubc.ca)



Pseudospin Transfer 
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Pseudospintronics in Graphene

 Pseudospin Chirality important  for
graphene correlations

 Graphene bilayer band state
unstable

Pseudospin ferromagnetism is a
possibility and would lead to

interestng `electro-transport’
effects
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