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Simulating nanomaterial devices...?
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Simulating nanomaterial devices...?

1 um radius disk of graphene
10.24 x 10° atoms
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Simulating nanomaterial devices...?

S. Bhandari, G. H. Lee, A. Klales, K. Watanabe, T. Taniguchi,
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1 um radius disk of graphene
10.24 x 10° atoms

Sparse TB-Hamiltonian:
Max # of entries: 104
Expected # of entries: 1.64 x 10°
Diagonalization not feasible...
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Twisted Bilayer Graphene (tBLG)

Two shifted Dirac cones Van Hove singularity in
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Twisted Bilayer Graphene (tBLG)
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A new “Brillouin Zone” for disordered systems
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Twisted Bilayer Graphene (tBLG)

Energy (eV)
- 0.5 0 0.5 1

EDoS (arb. units)
PRI B S s

== mmmm— - mmm — - - - - - SRS TS TS S ST STy,

5.73° Twist angle
Simulation with 100 nm diameter (591,344 atoms)

Stephen Carr Harvard University, Dept. of Physics
stephencarr@g.harvard.edu




Twisted Bilayer Graphene (tBLG)
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Twisted Bilayer Graphene (tBLG)
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tBLG: Comparing to Exp.
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Long-Jing Yin, Jia-Bin Qiao,Wei-Jie Zuo,Wen-Tian Li, and Lin He.
Experimental evidence for non-Abelian gauge potentials in twisted graphene bilayers.
Physical Review B. 2015, 92, 081406
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tBLG: Twist Degree of Freedom
Avgerage EDoS as function of twist angle in tBLG
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tBLG: Twist Degree of Freedom

tBLG EDoS from Twist Angle
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MoS, : Modeling TMDCs
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Bilayer with 5.73° twist-angle
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symmetry

* Direct band gap 1-2

eV at K valleys

« Spin-orbit coupling

Harvard University, Dept. of Physics

Stephen Carr

stephencarr@g.harvard.edu




MoS, : Modeling TMDCs
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Band-edge EDoS
Band gap: 2.07 eV
Widens by: 64 meV
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Method Summary:

- A multi-scale approach to physics
challenges and applications for
engineered devices.

- Locality framework, backed up
by mathematics and numerics.

- Large, finite TBM problems with
Kernel Polynomial Method (KPM)

- Excellent parallelization
efficiency
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Results Summary:

- Agreement with previous
experiment and theory in tBLG
and TMDC systems

- Simulations of real-space Local
EDoS and defect wave functions

-  Twist-angle as new “knob” for
controlling localized states and
doped semiconductors
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