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BEEE L/ fe & 285 1E (VALLEYTRONICS / VALLEY
PSEUDOSPIN)

time reversal
symmetry

Brillouin Zone

(568 & F - valleytronics)
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Microprocessor Transistor Counts 1971-2011 & Moore's Law
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Si-MOSFETSs:
downscaling saturates in ~2025




POST-SILICON ELECTRONICS ROADMAP

Valleytronics ? Spintronics
BEBEF EIFET
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2D material-based electronics
(graphene, MoSz,...)
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POST-SILICON ELECTRONICS ROADMAP

Survey. Carbon-based Valleytronics

Rycerz et al., Nature Phys. (2007) [valley filtering]

Xiao et al., PRL (2007) [valley Hall effect]

Yao et al., PRB (2007) [valley dependent optoelectronics]
Palyi et al., PRL (2011) [valley manipulation in CNTs]
Gunlycke et al., PRL (2011); Nano. Lett. (2013) [valley filtering]
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OUR WORKS

*  Qur works can be separated to two part ( Theory and Experiment )
(1) Theory Part
(1) JotE1E%E ( Device Simulation )
(2) FEMMAIBEREF ol

( II') Experiment Part
(1) Valley Based FETs
(2) Valley Based Qubit




(1) Theory Part




S0 EE T 15257 ( EFFECTIVE SCHRODINGER THEORY )

Phys. Rev. B 84, 195463 (2011)
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Eonfe (VALLEY FETS )

Phys. Rev. B 86, 165411 (2012), Phys. Rev. B 87, 039904 (2013)
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+ 177z ( VALLEY QUBIT )

Phys. Rev. B 84, 195463 (2011), Phys. Rev. B 86, 045456 (2012)

graphene

metal gate
insulater layer

BN substrate

two pseudospins
pseudospin singlet  / triplet
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BEBE 17T (VALLEY QUBIT )

Phys. Rev. B 84, 195463 (2011), Phys. Rev. B 86, 045456 (2012)

Two-pseudospin manipulation

x>

— manipulation time ~ O(ns)




BEBE 17T (VALLEY QUBIT )

(PRB 84, 195463 (2011); B 86, 045456 (2012))

for electrical control
exchange: (J ~t /U — control: Vc)
contrasting phases in (%ontrol . VL, VR)

of manipulation
Bnormal # 0 (for computing)
Bnormal = O (for communications)




= FAHES (QUANTUM _COMMUNICATION)

Phys. Rev. B 86, 045456 (2012)
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= FAHES (QUANTUM _COMMUNICATION)

Phys. Rev. B 86, 045456 (2012
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polarization
measurement

Quantum State Transfer:
photon qubit — valley qubit




(Il ) Experiment Part
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top electrode

300(A)~1000(A)

top electrode

bottom gate(-)

bottom gate(-)
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Eonfe (VALLEY FETS)

Phys. Rev. B 86, 165411 (2012), Phys. Rev. B 87, 039904 (2013)
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Phys. Rev. B 84, 195463 (2011), Phys. Rev. B 86, 045456 (2012)
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SUMMARY valleytronics theory
BEE B 2R

J
VOI mechanism gapped bilayer
graphene
.
|

valleytronics

LE 2 BE 3
BEREFE

quantum information classical information
(qubit) (FET)
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