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Outline

= Background on excitonic insulators and twisted 2D heterostructures

= Methods and sample preparation
= Appearance of a gap with displacement field
= Effects of magnetic fields

= Open questions



Excitonic insulators
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Zhi Li et al, Possible Excitonic Insulating Phase in Quantum-Confined Sb Nanoflakes

“Interaction between
electrons/holesin
conducting/valence bands

“Correlated wave function formed
analogous to superconductors (or
Peierl’s transition)

"Band nesting — strong coherence
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Excitonic insulators
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Excitonic insulators
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Twisted bilayer graphene

D)
aasae ,"3°: a5 233000
4'*"0:20“»:0“9"': b

Hao0See

a ne"c

G‘l a 06

. o:»awseo,o.
06'4‘0 SR :o e ;
G.;Oc,"o,. ,-\ Se® h 9 21
0202088

e
°,

2w < hvek, 2w = hvk,



Twisted double bilayer graphene

Bilayer graphene
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Outline

= Methods and sample preparation



Device design

*Three twist angles: 1.2°, 2.37°,
and 10°
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*Tear-and-stack technique for
double bilayer

hBN top

BLG
BLG

hBN bottom D | =3 sets of leads attached to the
Grapheneé 2 .
same device

* All measurements done at
100mK
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ldentifying twist angle

Tracing Landau fan to density at
full-fulling
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ldentifying twist angle

Theory calculations of van Hove singularity location
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Outline

= Appearance of a gap with displacement field



Displacement field effects
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Displacement field effects
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Charge density effects
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Outline

= Effects of magnetic fields



SdH oscillations with low field

D =047V /nm




SdH oscillations with low field

SdH oscillation behavior
distinguishes regionsinn vs D

= selected for visual convenience
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SdH oscillations with low field

B=1.5T

10 -05 00 Degeneracy g = 2 valleys X 2 spins X 2 layers = 8
. . n (Cﬂ;'z) 1e.12 n (cm?)

RUTGERS



B=1.5T

SdH oscillations with low field

Electron+hole region




SdH oscillations with low field

= Transitions between these regions match
parabolic band theory calculations

B=1.5T

0.4
= Asymmetry between hole and electron
0.2 density
* Intrinsic asymmetry from tight-binding
model

* Some effects from crystal field
* Potential lattice relaxation effects
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Magnetic field effects
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Questions

= Possible competition with other correlated states? (spin states, nematic state,
superconductivity)

= How much does scattering contribute to effects when turning carrier density?
= Origins of zero-bias peak with perpendicular magnetic field

= Effects of Landau levels on perpendicular magnetic field effects

“How resilient is the DW state with the application of strain?

= Phase of excitonic insulator—does it form a crystal-like lattice?

* Can this be measured in either transport or STM?
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