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Fig. 1. (a) The nearest neighbor hopping of the anisotropic hexagonal compound lattice, the dark red and light blue spheres repres-

ent the two types of sub lattices of the compound lattice; (b) the schematic diagram of the dispersion relationship of the semi-Dirac

electron in the theoretical model, when the nearest neighbor hopping parameter of graphene is 2t = 2¢, = #;, the semi-Dirac elec-

tronic state will appearl6l.
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Fig. 2. The selected supercell, the red balls symbolize the upper ZGNR with a width factor of N = 16 stacked on the light gray
graphene, where the orange balls depict the H atoms located at the edge of the nanoribbon: (a) The GA_AA(N) system composed
of AGNR and the underlying graphene film in the form of AA-stacking; (b)—(d) similarly corresponds to GA_AB(N), GZ_AA(N)
and GZ_AB(N) systems.
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Table 1.  Three types total energy of partial nanoribbon-

graphene structures.

Structures NM/eV FM/eV AFM/eV (valence band, VB) Ffi4 (conduction band, CB).
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Fig. 3. The band route crossing all highly symmetric points of (a) GA_AA(28) and (b) GA_AB(28) are illustrated in the first Bril-
louin zone of the supercell. The conduction and valence bands above and below the Ep are marked in light orange and dark blue, re-
spectively; in addition, the energy band enlarged illustrations on I*Y are given, respectively. (c) Band of the GA AA(28),
GA_AB(15), GA_AB(28) and GA_AB(30) system in the I*Y and I-X momentum directions.
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Fig. 4. (a), (b) The 2D bands of GA_AA(13) and GA_AB(28) near point K in the I~V direction; (c), (d) the 3D bands within the

I~ XY momentum space near point K in (a), (b), respectively.
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Fig. 5. The GA_AA(13) band contribution of nanoribbon and graphene near the K-point: (a), (b) Along the I~K-Y direction;
(e), (f) along the X;-K-X, direction; (c), (g), (h), (i) the Bloch state figure of a point on the energy band in real space and the pro-

jected density of states diagram; (d) projection density of states map for distinguishing between nanoribbon and graphene.
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% 0 % 0 F I i X
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8 —o05f 5 f
1
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> >
3 2 B X
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6 (a) R Nanodcal 715 GZ_AA(16) FIREHF &, JF 5 3CHR [30) VASP #4535 Lk ; (b) I2X J51a], (d) Yi-K-Y, LA (e) It

K-Y, P HIE SR B 7 /Y K S HHE GZ_ AA(16) fE

; (c), () M5 IS A A5 BN X B i Ao 2 A

Fig. 6. (a) Bandstructure of GZ_AA(16) Nanodcal calculation is consistent with VASP calculation in Ref. [30]; calculated
GZ_AA(16) energy band in the I-X direction (b) and the Y;-K-Y; direction (d) near the K point, as well as the energy band in the
I-K-Y, directions (e) passing through the K point; (c), (f) shows K positions in the Brillouin zone of the primitive cell with super-

cell.
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Fig. 7. (a), (c) Band of GZ_AA on path I*K-Y; under different N; (b) the band of GZ_AA (64) within a small range around point
K, with the blue balls indicating two mutually perpendicular directions passing through point K; (d) half of panel (b) in the I*K
direction; (e) in the GZ_AA (48-1, -2, -3) energy bands, the ratio of graphene-nanoribbon is 1.34, 2.71, and 4.07, the band disper-
sion near the K point still exhibits different in two perpendicular directions; (f) the band of GZ_AA(48-2) on path Y;-K-Y,.

L i

He iy
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Fig. 8. Energy bands of GZ_AA (64) along the path X-K-Y] tuned by positive (a) and negative (b) vertical electric fields modulate;
(c) under a vertical electric field of 0.7 V/A, the energy bands of GZ AA (64) within a small range around point K; (d), (e) cor-
responding to the left and right halves of the vertical-sectional view in (c), respectively; (f) illustrates the energy band at three in-
tersection points, K, C, D, resulting from the intersection of two sub-bands, including point K.
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Abstract

Anisotropic semi-Dirac materials exhibit unique manipulation selectivity in carrier conduction. Currently,
the behavior of semi-Dirac electrons has been successfully observed in black phosphorus thin films and
topological metal ZrSiS materials. This behavior manifests as linear and parabolic dispersion relations along two
mutually perpendicular high-symmetry paths near the semi-Dirac point. Based on first-principles calculations, it
is predicted that semi-Dirac electronic states can be realized in the structural system of anisotropic stacked
graphene nanoribbon arrays on a graphene substrate in this work. The effects of nanoribbon width, the ratio of
graphene width to nanoribbon width in the supercell, and external electric field on this semi-Dirac system band
are further investigated. It is worth noting that the processes of the conduction band and valence band
transitioning from non-conical-contact to conical-contact under an applied perpendicular electric field to form
the semi-Dirac point are analyzed through computational simulation. Correspondingly, the system transforms
from a metal with direction-dependent flat bands near the Fermi level to a direct bandgap semiconductor. The
research provides theoretical reference for realizing and tuning semi-Dirac electronic states in two-dimensional

material nanostructures.

Keywords: graphene and nanoribbon, anisotropic-stacked, semi-Dirac electronic states, first-principles
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