Carbon Flatland
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Not your father's 2DEG




Socrates: Shall we set down astronomy among
the subjects of study?

Glaucon: I think so, to know something about the seasons,
the months and the years is of use for military
purposes, as well as for agriculture and for navigation.

Socrates: It amuses me to see how afraid you are,
lest the people should accuse you of recommending
useless studies.



Socrates







Semiconductor Roadmap




The Collective FET vision
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The Collective FET vision
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Pseudospins & Chirality




Pseudospins - Graphene
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Electron Spins

| T> spin-up | »L> spin-down

Zeeman doublet
" two-valued quantum degree of freedom'

.. Compton, Pauli, Goudsmit, Uhlenbech ...
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2D Massless Dirac Equation

MOMENTUM

v ~ 100nm/(10°83 s)

H=—vk-7

Andrey Geim and AHM - Physics Today - August 2007




Gr'aphene Quam‘um
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Electron Gas Theory

Gabriele F. Giuliani and Giovanni Vignale

Quantum Theory of .New and
the Electron Liquid improved

Chiral




Electron-Electron Interactions

a = e?/hc »# 1/137
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Chiral 2DES
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Bilayer Pseudospin Ferromagnetism




Bilayer AB stacking




Bilayer Gaps
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bilayer k-space vortex
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Magnetic Vortex
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Pseudospin Exchange Fields
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Phase Diagram
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Min, Polini, Borghi, AHM - cond-mat/0707



Gate Hysterisis

(0.4
(o)
l 0.3 F

0.2
a o1l Collective
! FET?

T I
Z 2l | _ |
e : Ferromagnetic

a 03l Ferrimagnetic i
+ ' Antiferromagnetic .

'D.4 1 1 1
; 0.2 0.1 0 0.1 0.2
(o vgani

Min, Polini, Borghi, AHM - cond-mat/0707




What about Lieven?
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Bilayer Quantum Hall Effect




N=4 Quantum Hall Ferromagnets

0 or!
I = valley Iz spin Harp(k) =~ (fuw U?U- )I%g
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Levitov, Lee, Nomura, Alicea, Fisher, Balents, Sheng, Haldane

Columbia & Manchester




I = valley I= spin
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NV =

I = valley I= spin
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N=8 Quantum Hall Ferromagnets

I LL (0,1) I = layer I: spin
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Hunds Rules:




Bilayer v = odd magnetorotons

No gap !

K3/2 dispersion

| Barlas, Cote, Nomura | 5




Chirality in Multilayers




Multilayer Stacking - A,B,C layers
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3 layer stacks




4 layer stacks

ABCA ABCB ABAB ABAC
J=4 J=1,J=3 J=2,J=2 J=1,J=3
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5 layer stacks
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Higher J Pseudospin Ferromagnets
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Massless Dirac Fermions
in Flatland
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