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Chern insulators

❖Magic angle Twisted bilayer graphene
• Chern insulators

❖Strain induced Flat bands
• Pillars

• Buckled graphene 

❖Vacancy states: 
• Atomic collapse  

• Kondo screening
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Flat band superconductivity and topology
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Landau levels – topological flat bands

Landau levels

G. Li, A. Luican, E.Y.A, PRL, 102, (2009)

G. Li, E.Y.A.,  Nat. Phys , 3 (2007), 623
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Filling the flat band – and correlation induced gaps
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Unilateral Landau fans

s: bloch-band index 

n: Landau level index

f0 : quantum flux unit

Unilateral Landau fans 

➢ malleable band structure

Magnetic flux lattice + periodic potential

+ interactions 

Rigid bands produce  bilateral 

Landau fans 

G/hBN a Hofstadter butterfly 

S. Wu,.. EYA,  Nature  Mat 20,488  (2021)
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Twisted graphene – Moire patternsFlat band in Chern basis

Pseudo magnetic field 
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Twisted graphene – Moire patternsFlat band in Chern basis  a N=0 pseudo-Landau level

Pseudo magnetic field 
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Pseudo-magnetic fields induced by Moire potential

Chiral currents

Diamagnetic current loops: alternating 

orbital magnetic moments
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Filling n/n0 = +3 

Sharpe et al 2020

Serlin et al 2019 

• Break  Cz2

• staggered potential –hBN substrate   

13/: 0 +=+= CnnAQHE

Breaking C2 symmetry to reveal chirality
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Orbital magnetism
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Breaking T symmetry to reveal chirality

Breaking T with magnetic field
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Field   Induced Chern insulators
Electron sectorQHE
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Field   Induced Chern insulators

Hole sectorQHE
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Thermally activated gaps – g factor
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Summary of CI

➢ Flat band  a  N=0 pseudo-LL

➢ PMF with opposite signs on A/B  and K/K’  a diamagnetic screening currents

➢ Breaking  C2T symmetry a Chern insulators at integer fillings a QHE, AQHE

➢ Thermally activated gaps a Filling 2 spin unpolarized; Filling 3 – spin 

polarized
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Lecture 3 – strain and point defects 

❖Magic angle Twisted bilayer graphene
• Chern insulators

❖Strain induced Flat bands
• Pillars

• Buckled graphene 

❖Vacancy states: 
• Atomic collapse  

• Kondo screening
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Strain-induced Pseudo-magnetic field
Undistorted
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Strain-induced Pseudo-magnetic field
Undistorted
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Strain-induced Pseudomagnetic Landau levels

Triaxial strain

Out of plane strain



E.Y. Andrei

Periodic Strain 

Bpmf

➢ Periodic strain structures a global PMF

PMF is LOCALIZED
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Pillar structure for periodic PMF

Y. Jiang,..EYA et al, Nano Lett. 17, 2839 (2017 )
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Buckling modes of thin membranes

Thin stiff membranes subject to biaxial compressive stress buckle into periodic mode 

patterns : 1D mode,  checkerboard, hexagonal and herringbone.

Buckling modes of 

biaxially

compressed films on 

PDMS substrates

S. Cai et al. J Mech Phys Solids 59, 1094 (2011).

E. Cerda, Physical Review Letters 90, 074302 (2003

Finite element 

analysis of 

membrane on 

substrate
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Buckling transition by collapse of thermally cycled ripples

Dry Transfer

Ripples

Form Ripples

Glove Box

Thermal cycling

100nm

STM topography of Buckled graphene 

Collapsed  ripples

Biaxial strain  a Buckling

Strain-induced 

Hexagonal buckling mode

J. Mao.. EYA et al Nature, 584, 215 (2020)

graphene
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STM on buckled superlattice

Buckled Graphene Height Profile 
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Measured local  DOS
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Calculated PMF Superlattice

PMF Landscape
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Sublattice PMF locking
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Valley-Sublattice Locking

Bpmf

0.4 nm

m
ax

m
in

 3.45 Å

 0.00 Å

Trough Area

Wavefunction

on sublattice B
Wavefunction 

on sublattice A

A Sublattice

B Sublattice

0.4 nm

Crest Area
 3.45 Å

 0.00 Å

J. Mao.. EYA et al Nature, 584, 215 (2020)

Atomic resolution maps at N=0
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Valley-Sublattice Locking
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Strain induced Flat bands
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Pseudo Magnetic fields Summary

❖ Graphene on pillar array

✓ Ordered ripple network

✓ Strain-induced periodic pseudo-magnetic fields ～6T

❖ Buckling superlattice and flat bands in graphene

✓ Buckling transition a Hexagonal buckling mode 

✓ PMF sub-lattice polarization BPMF ~+ 108T ; - 60V

✓ Flat bands without broken TRS and without fine tuning

✓ Pseudogap in flat band

Ripple  Network
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