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Transport measurements on TBG show
peaks in resistivity at correlated insulating
states. The angle dependence is strong:
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Y. Cao, et al., Correlated insulator behaviour at half-filling in magic-angle graphene superlattices, Nature 556, 80 (2018).

Capacitance measurement on twisted bilayer
graphene, showing a capacitance drop at half
filling (insulating state).
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AFM image of TBG device (red rectangle) is
contacted by 8 gold wires. Only two of them are
connected and we kept them grounded.
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Cantilever tip as an oscillating and
sensing top-gate, coupled capacitively
to the underlying TBG.
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e Back gate and doping % of Basel

Back gate capacitance (C_,) is equal to:

o _ff_39x8854-1072
ox =y T 300nm - T

CoxXVBg

The doping concentration: n = ;

92

V/3a?

n=n,~ = 2.83-10%2cm™2

Our graphene is not exactly 1.08° twisted. The twist angle is 1.1°,
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» Twist angle distribution I\ of Basel
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We measured dissipation spectra at every point along the line (30 points). Next, we
match the position of the dissipation peaks to the superlattice density n_. Thus, we can

14
. . 3
locally determine the twist angle: 8 = (&) Mgt a
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Topography Energy dissipation images

The angle distribution is also visible in
constant height dissipation images
where we observe domains with

different relaxation of the graphene
(dashed lines).

Graphene quantum dot (CB=Coulomb
Blockade)
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A Qiao, Jia-Bin and Jiang et.al., Bound
. states in nanoscale graphene
quantum dots in a continuous
graphene sheet, PRB95, 081409

2017).
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Angle distribution investigation:

e Quantitative: average angle of 1.06° and

angle distribution about 3-4%

e Qualitative: the constant height tip imaging

nb of count

allows to map the twist angle distribution of

TBG and observe CB rings.
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P-AFM spectroscopy:

e |local probe tool,

iic University
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e can study band filling of TBG:

» Energy dissipation is sensitive to
charge filling of flat bands,

» Dissipation peaks: % filling, half
filling, filling and full filling,

»Rise of frictional lose at CNP,

3 4x1012. .
(electron-hole scattering).
6 50 graph °
. Xo = 1.0552° + 0.03596°
4 [ ]
o [ BN J
PASAN
2 s ¢e w
- ! S U,

1.10

Angle (degre)

12/05/2022 — Capri Spring School

A. Ollier — alexina.ollier@unibas.ch

University of Basel 11



ACKNOWLEDGEMENT RS NI X5 University

INSTITUTE oy D'f BII‘.'.'ISE'

A

EINE INITIATIVE DER UNIVERSITAT BASEL
UND DES KANTONS AARGAU

O Group members:
- Prof. Ernst Meyer

- Prof. Alexis Baratoff _ Kunal Soni ing

- Dr.Thilo Gl_atzel - Sebastian Scherb ? Fu:ﬂ'rgp'ean Research Council (ERC)
_ g: tjarZrGeZ:rl\]/larot : 222:;(:1 él;:]t:r:ez - Swiss Nanoscience Institute (SNI)
- Dr. Marcin Kisiel - Jung-Ching Liu

- Dr. Rémy Pawlak - Paul Hiret

- Dr. Antoine Hinaut - Outhmane Chahib

- Dr.Yimin Song - Shuyu Huang

- Dr.ChaolLi - Gema Navarro

- Roland Steiner - Akash Gupta

- Yves Pellmont European Research Council

Established by the European Commission

12/05/2022 — Capri Spring School A. Ollier — alexina.ollier@unibas.ch University of Basel 12



PNl
SWISS 3PP« University

NANOSCIENCE
INSTITUTE e ﬂf BﬂSEl

EINE INITIATIVE DER UNIVERSITAT BASEL
UND DES KANTONS AARGAU

26/04/2022 — QCQT Lunch Seminar University of Basel 13



