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Why 2D Crystal?

- Technologically important
“Interface Is the device”

- Interesting new physics
Quantum Hall effect
Fractional guantum Hall effect

Anyon physics
2D superconductivity






Graphene : Dirac Fermions in 2D

—> Momentum, Semiconductor
Band Structure

Band Structure of Graphene - Ppseudo-spin
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Massless Dirac Fermions with
effective speed of light v ~ ¢ /300. E =7kv, —
E=pcC m

P. R. Wallace, Phys. Rev. 71, 622 (1947).
T. Ando et al, J. Phys. Soc. Jpn 67, 2857 (1998).



What Makes Graphene Great?

® peculiar Band Structure
(Interesting Physics)

- High Quality
® Ease of Fabrication

- Widely Tunable



Other 2D Crystals

‘ TN I o
Se b si0 ¢ %je- R4 ®
} i el 7Y (B
. Hy . Cu0, @
C P (= § all

- i : I L P L
s :vnr" i Cu0, - i

« SO Prrtege

BiO ¢ Y
Q-f"&v o Bio ¥ jo-%-4-¢
SIS B e
i a’& - i M CLIO: ;'...' e Rop 2
' k H Ca " et
N Cu0, a0 @

.

si0 ¢tlo- % g
RiO ('...'.. ...... -t

High Tc Materials
#1Bi,Sr,CaCu,0,, P~ 2"NCl

2

A

*zroN (|

Graphite Metal
Chalcogenides
(M= Nb, Ta, Va, ...
X=S, Se, Te)

92 two-dimensional compounds recently
identified by Lebe gue et al. (PRL, 2013)



Black Phosphorus

Atomic structure of Black Phosphorus




Black Phosphorus — Bulk Band Structure

Bulk Phosphorus:

Semiconductor with
direct bandgap

~ 0.3 eV
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Black Phosphorus — Monolayer and Bulk

Single atomic layer Bulk crystal
Band gap ~ 2 eV Band gap ~ 0.3 eV
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Black Phosphorus Band Gap
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Sample Fabrication




Black Phosphorus transistor performance

Field effect properties

e 10° on-off ratio (6 nm sample)
« Ambipolar field effect
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Black Phosphorus transistor performance

Hiah Mobihitv & Ohmic Contact
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