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Low-temperature mesoscopic quantum physics
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van der Waals coupled layered materials - defect-free monolayers

In graphite, each graphene layers are coupled by a van der Waals (vdW) force
which is much weaker than chemical bonds.

Thus, it can be exfoliated to produce “defect-free” atomically thin layers
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N-layer graphene: a family of closely related electronic systems

Consider two nearest neighbor hopping parameters: y, and y,
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Electronic properties vary with atomic structures.
Different from conventional 2D electron gas systemes.
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Searching for N atomically thin layers

van der Waals Mechanical,

interaction Graphite Chemical > Graphene
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Electric and Thermoelectric Properties for N=1,2,3
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Electric and Thermoelectric Properties for N=1,2,3

Electric quantities :

electric currents or voltages E

—>| Thermoelectric effect

Thermodynamic quantities :
temperature or entropy < S=-AV/AT (AT=T,-T,)
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S depends sensitively on how E changes with electron density (n)
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2D family: layered materials that can be tinned down to atomic-layers

Graphene family
(hexagonal layers)

hBN layers

Buckled graphene

Back phosphorus

Conclusion

2D chalcogenides
(MX, MX,, M,X,, etc)

AN

2D dichalcogenides (MX,)

— Semiconducting
— Semimetallic
 Superconducting

MX: layered semiconductors
(GaSe, GaTe, InSe, ...)

Bi,Se,: topological insulator

and others....
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2D oxides

Bi-2212 MnoO,

Magnetic materials
Crl, ; 2H-VSe,
Cr,,3NbS,
etc




True 2D nature promotes interactions with environment

l— Charge transport occurs at the surface —l
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