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First-Principles|nvestigation of GalnSe, Monolayer asa Janus Material
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(Key Laboratory of Engineering Dielectrics and Its Application, Ministry of Education, Heilongjiang Provincial Key Laboratory of Dielectric
Engineering, School of Electrical and Electronic Engineering, Harbin University of Science and Technology, Harbin 150080, China)

Abstract: The stable GalnSe, monolayer as a Janus structure with an indirect band-gap was investigated via first-principles electronic
structure calculations. The intrinsic correlation between GalnSe, monolayer and its binary analogues (GaSe and InSe monolayers)
was investigated in terms of atomic structure and electronic property. The calculation results of atomic structure and phonon
frequency dispersion indicate that GalnSe, monolayer has a dynamically stable Janus structure with the similar hexagonal geometry
as GaSe and InSe monolayers. The electronic band structures show that GalnSe, monolayer and its binary analogues are all indirect
band-gap semiconductors. It is noted from the strained Janus model that work functions and coherent strains of GaSe and InSe
constituents essentially determine the electronic structure of GalnSe, monolayer. GalnSe, monolayer can be converted into direct
band-gap semiconductor when the strain in atomic plane is decreased less than a critical value. Therefore, GalnSe, monolayer can be
applied to 2-dimensional or surface photoelectric materials under the mechanical conditions below the critical strain. Further, the
band-edge character and band-gap width can be effectively controlled by modifying the strains in atomic plane of GalnSe, monolayer,
which is of great significance for the potential application in field effect nanotransistors.
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Tablel Atomic structure, band-gap and work function of GaSe, InSe and GalnSe, monolayers, and charge transfer on Ga
and In atoms

Material a/nm b/nm dyvi-m/nm dGa-so/NM dyp-so/ nM I/nm Apgdle Apile Econ/(eV-atom ™ l) Ey/eV dleV
GaSe 0.381 0.381 0.249 0.251 0.488 0.25 3.52 1.84 5.75
InSe 0.409 0.409 0.288 0.271 0.549 0.34 3.27 1.44 5.89
GalnSe, 0.394 0.394 0.269 0.256 0.267 0.521 0.34 0.28 3.39 1.42 5.87

a and b is lattice constants; dy-v (M=Ga, In) is an atomic distance; dg,-se and di,-se are bond lengths; / is the distance between Se atoms in two individual layers;

Apgaand Apy, are the total charge transfer quantities on the Ga side and In side respectively; Ecop is the cohesion energy; E, is the band-gap; @ is the work
function.

24 REEITEE GalnSe, B FEHMMER E TR T IRENAT R TR o PRI AR RONAR KRR
MR TS ARE TR TR, Ik EORE TR TR BRIEZAh, T R



2 48 B 4 W

ik . B2 Janus #1F} GalnSe, [ HL 451 58 — FH {5 + 511 -

TR IR K2, B DL 2075 e B AR o] i
MR P EERE RIS o D T IR AT N AR X B
Janus GalnSe, L F&5FIMEH, 52T 3 FiRASHL
HIRE —4EA R R SR B2 . BN Janus £ 1)
TEAT XU AN T S AR, B 98 H s B AR PR 1 A2 4L

Bl 4 ZHZ GalnSe, 1) HL 72544 L N AR R AR
WERTEEELE 1.11~1.34 eV 2 [a], FILH A SN
(Ve By B RE T 45445 kR R 1A R TFAs 7 1) 1
BN AR 1.5% He BN ARI A AR Sy E B B, I
TR E EE A2 1.51eVo

Energy/eV
T
Energy/eV

Energy/eV
T

(a) Biaxial strain

(b) Zigzag uniaxial strain

Energy/eV
Energy/eV

11t L1k

Energy/eV

L.1F

-0.02  -0.01 0.00 0.01 0.02

Strain rate

(d) Biaxial strain

1 I
0.00 0.01 0.02
Strain rate

-0.02  -0.01

(e) Zigzag uniaxial strain

n 1 " L
-0.01 0.00 0.01 0.02

—-0.02
Strain rate

(f) Armchair uniaxial strain

K4 HJZ GalnSe, HL 1 REM AL LA KT BBl AR (K22 4k
Fig. 4 Electronic band edge and band gap of GalnSe, varying with strain
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