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Motivation-1
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Motivation-2

Graphene
Andre Konstantin Geim
(2010, Nobel Prize)
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Quasicrystal
Dan Shechtman
(2011, Nobel Prize)
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Philosophy of graphene

Graphene “Just do it ?”

Geim

Just tape it !

Quasicrystal
Shechtman

Just rotate it !?

Everything is simple when it is understood
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Smoking gun-1
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I's heautiful !
hut
IS it a quasicrystal just
in an atomic structure 2
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Smoking gun-2 : Quasicrystal (electronic structure)

E =Ey(0.3eV)

Real
Dirac electrons
in a quasicrystal

ARPES intensity map



How to grow a graphene quasicrystal 9



How to grow a graphene quasicystal-1

h-BN (RO)

Graphitization

RO Graphene (Upper Layer)

h-BN with R0°

h-BN + Graphene
with RQO°

Graphene with RQ°



How to grow a graphene quasicystal-2

RO Graphene (Upper Layer)

Graphene with RQ°

Method 1 '
Further thermal heating 1

.

Graphene with ROY G‘53°’ '{\
+ TR

Graphene with R30°

on %
buffer layer/SiC /../ ' \

R30 Graphene (Lower Layer)

Method 2
l H intercalation

® SiC Bulk
» 12-fold Quasicrystal

&
&
o .
G (R30) 0
9 Graphene with RO°
. y +
Graphene with R30°
T on

H-terminated SiC

Moiré pattern from buffer layer

(6v3 x 6v/3 R30)



Low energy electron difiraction (LEED)



Low energy electron diffraction (LEED) pattern

*

*

FFT of the atomic structure
of the graphene quasicrystal

LEED - Experiment

D= 172|'dj;’| ~ 42.3nm



Low energy electron diffraction (LEED) pattern

@ SUNGKYUN KWAN UNIVERSITY

Up to 3x4 mm?




Transmission electron microscopy (TEM)



icroscopy (TEM) |
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Transmission electron microscopy (TEM) image
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Transmission electron microscopy (TEM) image
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Transmission electron microscopy (TEM) image
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Transmission electron microscopy (TEM) image
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(TEM images)
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Angle-resolved photoemission spectroscony
(ARPES)



Angle-resolved photoemission spectroscopy

E =Ep(03eV)

ARPES intensity maps
of the graphene quasicrystal

I
Upper layer
graphene



Angle-resolved photoemission spectroscopy

Quasicrystal
Incommensurate phase (6=30°)
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Angle-resolved photoemission spectroscony

Theoretical calculations — Tight-binding approach
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Angle-resolved photoemission spectroscony

Theoretical calculations — Tight-binding approach

From 1 to 8
(examples)

101
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The Dirac cones were numbered from the smallest g
(see B-D)



Angle-resolved photoemission spectroscony

Theoretical calculations — Tight-binding approach
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Binding Energy (eV)

Angle-resolved photoemission spectroscony

Binding Energy (eV)

E-E, (eV)
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Dirac point of
the upper layer
graphene ~ 0.29 eV

Dirac point of
the upper layer
graphene ~0.30 eV

Fermi velocities of
Dirac cones are
nearly identical



Quantum mechanics
Non-relativistic Crystal Quasicrystal Amourphous
electrons (Periodic) (Quasiperiodic) (Disorder)
Relativistic [P‘i'r‘;zﬁ:'m
electrons
(Dirac electrons) Sraphens

(Sung Jun Ahr.

Joung Real Ahn)

New experimental research field just hegan
: Dirac electrons In a quasicrystal



1. New experimental research field just began
: Dirac electrons in a quasicrystal
(which can be extended to other physical systems)

2. This and following exciting experimental results
in this field will require new theoretical approaches

(Sung Jun Ahr‘

Joung Real Ahn)

3. This will contribute to theoretical calculations
for a solid without a translational symmetry



i You can contact
b S
Prof. Pilkyung Moon (New York University Shanghai, China)
(Workshop 3, Wed 27, 18:15-18:30)
Prof. Young-Woo Son (Korea Institute for Advanced Study, Korea)
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They are in this Graphene-2018 conference somewhere (?)



Thank You
&

See you at the new experimental research field
[(Dirac electrons in a quasicrystall



