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ABSTRACT

In asimulation study of atomic resolution transmission electron microscope images of single layer and bilayer graphene,
it is demonstrated that the conventional Bloch wave formulations can be used when high-order Laue zone reflections are
properly taken into account in the theory. The simulated images for bilayer graphene show 3-fold rotational lattice sym-
metry rather than the 6-fold one under certain conditions. This result can be understood as revealed the 3-fold rotational
lattice symmetry of bilayer graphene in three dimensions along [0001]. For single layer graphene the observed phase
images showing 3-fold rotational lattice symmetry were particularly noted. This phenomenon has been explained by an
assumption of the re-configuration of electron density on the surface of graphene. And the matching images have been
obtained as simulated with up to the second order Laue zone reflections only, reflecting the re-configuration of electrons

on the surface.
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Fig. 1. The projected potential map along [0001] direction in graphite. ais for single layer graphene (SLG) with thickness ¢/2=0.336 nm, b is for
bilayer graphene (BLG) with thickness c=0.671 nm, sectioned just from graphite respectively. The scale bar: 0.246 nm.

Table 1. The crystalographic data of graphite in unit cell (Trucano
and Chen, 1975)

Space group: Hexagonal P6;mc (No. 186)

Cell parameters: a=b=0.246 nm, c=0.671nm, y=120°

Atom: site C:2a C:2b
Layer xla y/b zlc x/a y/b zlc
A 0 0 0.25 13 2/3 0.25
B 0 0 0.75 2/3 13 0.75
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Fig. 2. Simulation images for SLG (|| |=0~ 2, see text for meaning)
and BLG. with | |=0~ 8. The data: 80kV, C;=10um, A;z=2nm, B=
0.15 mrad and defocus at the left top of each figure were given in
simulations. Scherzer defocus at this condition is —7.9nm. c is con-
trast index defined as ¢=| | u—lin [/(Imaxt1min). 1N images the con-
trast ¢'s were adjusted to be 1 to see clear images.
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Fig. 3. a the phase image of reconstructed exit wave function from 15 lattice images for SLG, taken by Berkeley’s TEAMO.5, which is released
in public domain after Fig. 2 in(Dato et al., 2009). b: the corresponding simulated phase image (||| =0~ 2) with C,=Af=0, A,=2nm and 80kV

accelerating voltage.

Fig. 4. a the simulated phase image for SLG with |1 |=0~2, b: for BLG with |||=0~8. The data: C,=Af=0, A,==1.5nm and 80kV accelerating

voltage were given in simulations.
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Fig. 5. The modified potential map projected along [0001] direction
in SLG with |1 |=0~2 only. The inserted images at the right and the
left come merely from the adjusting y value in a photoshop software,
to see clearly the 3-fold rotational lattice symmetry in image and
rising of potential at the center of hexagon. The scale bar: 0.246 nm.
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