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Fig. 1. Top (upper panels) and side (bottom pan-
els) views of geometry structures of silicene and ger-
manene on the As- and Ga-terminated GaAs(111) sur-
faces: (a) silicene on As-terminated GaAs(111) surface
(Si-AsGa); (b) silicene on Ga-terminated GaAs(111)
surface (Si-GaAs); (c¢) germanene on As-terminated
GaAs(111) surface (Ge-AsGa); (d) germanene on Ga-
terminated GaAs(111) surface (Ge-GaAs). The blue,
purple gray, green, and magenta balls depict the Si,
Ge, As and Ga atoms, respectively. AZ and d; rep-
resent the buckling of silicene/germanene and the dis-
tance between silicene/germanene and GaAs(111) sur-
face, respectively. The unit cell is indicated by the

solid black lines.
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Table 1. Calculated cohesive energy (Ec), bind-
ing energy (Fp) and structural parameters for
silicene/germanene As-
GaAs(111) surfaces with and without H intercalation.

di represents the distance between silicene/germanene

on and Ga-terminated

and GaAs(111) surface, and da represents the distance
between silicene/germanene and the intercalated H

atoms. AZ is the buckling of silicene/germanene.

E./eN  Ep/eVv  di/A da/A Z/A

Si-AsGa 6.075 1.37 2.50 — 0.7
Si-GaAs 5.391 0.68 2.55 — 056
Ge-AsGa  4.580 0.56 2.53 — 114
Ge-GaAs  4.654 0.64 2.58 — 0.8
Si-HAsGa — 0.19 3.82 222 047
Si-HGaAs — 0.21 349 178  0.61
Ge-HAsCa — 0.18 3.86 228 0.75
Ge-HGaAs — 0.21 359 191 095

E/eV

E/eV

(c) Ge-AsGa [MHTRET; (d) Ge-GaAs HIH THEH;

&k

He v

Fig. 2. Calculated energy bands of silicene and germanene on the As- and Ga-terminated GaAs(111) surfaces:

(a) energy bands of Si-AsGa; (b) energy bands of Si-GaAs; (c) energy bands of Ge-AsGa; (d) energy bands

of Ge-GaAs. The Fermi energy is indicated by the blue lines. The energy bands with m-orbital characters

are indicated by the red lines.
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B3 REEMG. HETE As-P BT Al Ga-P I GaAs(111) &
TSR S5 (a) TEMEAE As-rf 7 0 b 086 )2 9
45k (Si-HAsGa); (b) #EMGTE Ga-Hp Wil &2 10 &5
) (Si-HGaAs); (c) M #E As-H7 W b 208 2 1 451
(Ge-HAsGa); (d) # M 7E Ga-H Wi FEGE M4
(Ge-HGaAs); FHEET, £ BV R, £ EREE
g5t WAL O H T, HAl R T R E 1 dy
RFREME . #0555 GaAs(111) KA (0 FEB; do AAFRHEE
W BN S H R T2 8] R

Fig. 3. Side views of geometry structures of silicene
and germanene on H intercalated GaAs(111) surfaces
before (left panels) and after (right panels) optimiza-
tion: (a) silicene on As-terminated GaAs(111) sur-
face with H intercalation (Si-HAsGa); (b) silicene
on Ga-terminated GaAs(111) surface with H interca-
lation (Si-HGaAs); (c) germanene on As-terminated
GaAs(111) surface with H intercalation (Ge-HAsGa);
(d) germanene on Ga-terminated GaAs(111) surface
with H intercalation (Ge-HGaAs). The pink balls rep-
resent H atoms, and the color codes for the Si, Ge, As,
and Ga atoms are the same as in figure 1. The unit cell
is indicated by the solid black lines. d; represents the
distance between silicene/germanene and GaAs(111)
surface, and d2 represents the distance between sil-

icene/germanene and the intercalated H atoms.
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Fig. 4. Calculated energy bands of silicene and germanene on H intercalated GaAs(111) surfaces: (a) energy
bands of Si-HAsGa; (b) energy bands of Si-HGaAs; (c) energy bands of Ge-HAsGa; (d) energy bands of
Ge-HGaAs. The Fermi energy is indicated by the blue lines. The energy bands with m-orbital characters

are indicated by the red lines.
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Fig. 5.

panels) views of geometry structures of 3 x 3 sil-

Top (upper panels) and side (bottom

icene/germanene on the 3 x 3 GaAs(111) surfaces with
[(c), (d)] and without [(a), (b)] H intercalation: (a) Si-
AsGa structure; (b) Ge-GaAs structure; (c) Si-HAsGa
structure; (d) Ge-HGaAs structure. The 3 x 3 (unit
cell is indicated by the solid black lines) structures
in (a) and (b) recover to the ideal 1 x 1 (unit cell is
indicated by the solid orange lines) structures in (c)
and (d) after H intercalation. The color codes for the
atoms are the same as in figure 3. The buckled Si

atoms are indicated by “+”.
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Abstract

By using first-principles method in the density-functional theory, we clarify the atomic and electronic structures
of silicene and germanene on 1 x 1 GaAs(111). We find stable structures for silicene and germanene on both the As-
terminated and Ga-terminated GaAs surfaces. The structures of silicene and germanene are similar to those of the
free-standing ones, which present a honeycomb-hexagonal geometry. The cohesive energies of silicene and germanene
on both As and Ga sides of GaAs surfaces are comparable to those of their bulk structures and/or those on Ag(111)
substrates which have been widely observed in experiment, showing the possibility of synthesizing them on both sides
of GaAs surfaces in experiment. The corresponding binding energies are in a range of 0.56-1.37 €V per Si (Ge) atom,
10 times larger than the usual van der Waals interaction, showing the covalent interaction between silicene (germanene)
and GaAs surfaces. The band structure calculations show that such a covalent interaction induces the absence of Dirac
electrons for silicene and germanene on GaAs surfaces. We then explore the method of recovering the Dirac electrons by
using hydrogen (H) intercalation. It is found that the intercalated H atoms are chemically bonded to GaAs surface, and
the silicene (germanene) shifts upward distance from GaAs surface increasing from 2.50-2.58 A to 3.49-3.86 A, where
a covalent van-der-Waals interaction transition happens between silicene (germanene) and GaAs surface. Moreover, the
distances between silicene (germanene) and H atoms are 30% and 8% larger than the atomic-radius sum of Si (Ge) and
H on As-terminated and Ga-terminated GaAs surfaces, respectively. This shows that the interaction between silicene
(germanene) and H on the As-terminated GaAs surface is obviously weaker than the typical covalent interaction, while
on the Ga-terminated GaAs surface, it is comparable to the typical covalent interaction. This difference is induced by
the difference in electronegativity between As and Ga atoms. We further find that the H intercalation recovers the Dirac
electrons well on the As-terminated GaAs(111) due to the weaker Si (Ge)-H interaction, while it does not on the Ga-
terminated GaAs(111) due to the stronger Si (Ge)-H interaction. The results are confirmed by performing calculations
for silicene (germanene) on larger GaAs(111) surfaces, i.e., the 3 x 3 GaAs surface. Our study provides the theoretical

basis for the preparation and application of silicene and germanene on semiconductor surfaces.
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