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Motivation ‘QE
hBN as a substrate for graphene:

« C.R. Dean et al., Nature Nanotech. 5, 722 (2010),
 A.S. Mayorov et al., Nano Letters 11, 2396 (2011),

J. Xue et al., Nature Mater. 10, 282 (2011)
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Model of the moire perturbation {tg
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1. Potential felt by electrons is smooth on the scale of moiré

2.The first harmonic of the moiré dominant, no intervalley
terms

Twisted BLG: J.M.B. Lopes dos Santos et al., PRL 99, 256802 (2007),
R. Bistritzer and A.H. MacDonald, PRB 81, 245412 (2010),
P. Moon and M. Koshino, PRB 85, 195458 (2012)
MLG/hBN: C. Ortix et al., PRB 86, 081405 (2012),

M. Kindermann et al., PRB 86, 115415 (2012),
M. Yankowitz et al., Nature Phys. 8, 382 (2012),
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Dirac part \ Hopping

Local sublattice modulation
asymmetry

Magnitude of
potential
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J.R. Wallbank et al., PRB 87, 245408 (2013)
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L.A. Ponomarenko et al., Nature 497, 594 (2013)

1
0.0

n (102 cm)

1
1.5

1
3.0



MLG/hBN QE

0.52 &

w UNIVERSITY OF

MRy :
Rl
“-...a.! < - n.“..“! -

sy
-

lllll -

o

- -
s 220,
- Sl
2.5 m.

i u-—.ﬂn .

e et e 4

— _ y .IJI"'Ua I EITS RO S e | e e LSRN | i

— &

O P i

ll.lo.lnma |F= ‘ﬂ-‘_\‘_\“\\

.lul“'. l-ll... l-l’.‘.‘.\‘\.‘.‘ e .'\.v\l_llaﬁ\hﬁwum

e o s IR ¥ b e
haaa 8 o y\jru.}\:.l_z—k'll
oz e i | B

= = pa P
mn‘\ \.K_\\W\\“.u -
— POl T gl c

4
r
W -1k
i | v J
\ L
B 1B B /
| YRR I
i\ A ¢
i ;

3 e v
PRI Y ’ i Av s aae .
RIS P i & r
o 1) AN ] . A
N \ e o

SR W : 4 .
. ]
¥ f /i q ’
- Yot t « & &

g n &R

) s
v / s & 7
RN / / S ELENE o

]
ot
o

0.8
E(E)

~1.0

E (E)

L.A. Ponomarenko et al., Nature 497, 594 (2013)







BLG/hBN QE

top layer

bottom layer
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1. Interlayer symmetry breaking

2. Interplay between two energy
scales: moiré and inter-layer
coupling

3. Different chirality of carriers

4. Spectrum is no longer radially
symmetric
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superlattice BZ (sBZ)
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Valence band
0=0.597°
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Gap at zero energy due to layer symmetry breaking
A ~ 12u3(u cosg + u,sind) + 6us(ug + us)
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Summary {tg

« Bragg scattering of graphene electrons on the moiré
potential leads to formation of minibands

* Monolayer graphene:
* Periodic inversion-symmetric potential preserves the
Dirac point
« Secondary Dirac points created at the edges of the first
miniband on the conduction/valence band (may be
obscured by other spectral features)

« Bilayer graphene:

« Even inversion-symmetric potential opens a gap at the
neutrality point because the moiré potential breaks
interlayer symmetry

 Formation of gaps between the first and other
minibands probable

* Interplay between the misalignment angle 6 and
trigonal warping of the band structure



