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Stacking Atomic Legos



Hybrid 2D-Solids: A+B≠A+B

Ohta,  Robinson, Feibelman, Bostwick, Rotenberg, Beechem, Phys. Rev. Let. (109) 186807, 2012.

Robinson, Schmucker, Diaconescu, Long, Culbertson, Ohta, Friedman, Beechem. ACS Nano (7) 637 2013.

Layer interaction 
changes bands

Provides “knob” to 
create new materials



Interlayer Interaction: Gimme Moiré

Twisted Bilayer Graphene Moiré Superlattice Periodic Potential

Bernal Bilayer

How big of a deal is rotational disorder?



Non-Uniform Response in TBG
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Special thanks to Jianyong Yang of WiTec (Tennessee)  Instruments for aide in these measurements 
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1. “Extra” carbon in this region.

1. Contaminants between layers

1. Strain effects

1. Rotational 
disorder



Interlayer Contaminants?

Special thanks to Jianyong Yang of WiTec (Tennessee)  Instruments for aide in these measurements 
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Strain?
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Measuring Rotation: LEED

Does this rotational disorder correlate with Raman results?

Acknowledgements: Bogdan Diaconescu (SNL) for performing LEED experiments & analysis



Comparing Raman & LEED 

Havener et al. Nanoletters (12) 3162. 2012
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Is All Lost?...the Good News
G-Intensity (532nm) Regions within 0.4˚ of Θc



Take Home Message

1. New materials: 2D-Solids

1. New Properties from Moiré 

2D-Solids New Properties Rotational Disorder

3. Rotational disorder exists

4. This must be minimized
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What about the splitting?

Strain Change
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Mohiuddin et al. PRB (79) 205433 2009 Das et al. Nat. Mtl. (3) 210. 2008



• METHOD: Transfer (“stamp”) CVD graphene onto epitaxial graphene.*

• Large TBG domains (>100um-size) with various twist angles on a 
sample
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CVD grown 
graphene on Cu foil

Spin coat photoresist (PR) 
on CVD-graphene/Cu

Etch off Cu foil Place PR/CVD-graphene on epi-
graphene grown on SiC

Dissolve PR and clean 
the surface with H2

*In collaboration with J. Robinson (NRL)

• Result: Change in angle affects 
electronic dispersion.

• Result: vHs are observed at usable 
energies.

+Ohta et al. PRB (85) 075415 2012. 

Producing TBG


