Structural and Electronic Properties of Vacancy Defects in GaS Single
Tetralayer
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Ga-rich, S-rich condition0Of| Aq{2| formation energy A4t= Edol| vacancy £xX2| MM 7t&
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INTRODUCTION
Graphenelt Zt2 two dimensional (2D) =
Zlofl= hexagonal boron nitride (h-BN),
transition metal dichalcogenides (TMDC),

metal monochalcogenides (MMC)7} QUL O]
SAMES  XAMLCH electronic, optoelectronic
devicesO| ALRE 7H54S JHX|T QIOjN F2
g ACH

Galluium sulphide (GaS)= II-VIE BT A
ol MMCO| 3t JEZ, indirect band gapO|
2.59 eVO|11 direct band gapO| 3.05 eVO|LC}
[1]. Gas7} ZHX|1 &= HAZ|H Ed ME0
solor cells, solid-state batteries, memory
devices 50| O|&& 7tsd0| Ul =HE
SMTAEX GaSe near-blue light-emitting device
£ DtE=0 O|&EICt [2]. GaS& layered E &
BOll WekA B-, e, y-type 22 LEEICE M 7t
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= 4x4 supercell sizeQ| GaS
1 atom vacancyZ} Q&= FX0f
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symmetryE BESH xQt HFM Ol vacanc

TZE H|DSIQYCE 2|10 clean GaSe} ZpE

Ot =l vacancy %9 ||<=3ro'ected density of
it 588 245%C

CALCULATION METHODS

Density functional theory (DFT)E& 7|HISZ
St Spanish initiative for electronic simulations
with thousands of atoms (SIESTA)E 0|23l A
A2 FAlSIRACE TR ARO|Q] M AES Al

—

Ot

7] Qs Perdew-Burke-Ernzerhof = (PBE)&Ef 2|
generalized gradient approximation (GGA)2 At

S, Van der waals A4SX8&8 118517 ¢
0 GGA-D2E 0|83} ULt 4x4x1l k-point grid
AHESHR L, cutoff energy= 100 RydbergE
25IQULCt. GaSQ| lattice constanti= a=3.584 A

|85t} [5], TE FHe= 16AZ FRULCL
Vacancy= Fig. 1M 2 %= %0| 4x4 supercell
O|A Ga X[ StLEZ) HEEI Ve, S X} SELEZL b
o vs  F 0 IEXE J12SiRJALCE S
broken-symmetry A4t 2|8 defect®| the
nearest naighbor(NN) /At & S}LIE vacancy 7}
77|'O|E Ol%'él'_l' V—in, %El Ol%'él'_I' V—out ?’—JF—% Ol'g'
SHSICH

M >=nju_Stofo'

Vacancy defect®| formation energy (& &

o CHSIF e BN AgeRiCt

clean GaS SLO| total energg%, = defect7}
)= GaS SLO| total energyZ2 Q|O|%tCt =
acancy atom@l Ga, SO| chemical potentialO|C}.
S cfgat e Mg oissich ol & p-Ga
9| total energyE simulation cellof U= GaS 4
of += LHe Zo|ct.

Cosorr

RESULTS AND DISCUSSION
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Fig. 1. Vacancy 9IX[E LIEtH Z18. 9|7} top
view, Of2}7} side view. Ga O| STt
XEAH WEILAMO 2 FA|SH 20| Vg, L ZHAQ]
Vs 2 LR,

VGa, VGa ins VGa outr VS; VS ins VS outgl :I'Lx 7:”A|-
% _?6”0} 7:‘J——Il' VGa9-|' VGaoutn_ E—E|75}‘8 :I'I'7:E
relaxat|onO| T}, OrEZEXI 2 Vs, Vsin, Vsout O]
N7t 25 relax®El FX7t ZQULCt  Total
energyE H|WZWS [, Ga vacancy FH9
symmetryE 9X|6t Ve 2Lt Veain@| total energy
7t S, S vacancyl| HL20|= symmetryS
%—Xl_ﬂﬂ' VS7|' 7|Jg‘ |_|‘JHEI ?‘—I—AAEI- VGaQI' VGa |n7|'
relax=l X = =0 = X}0|E ECt (Fig. 2).
Va0l A= NN S {IXI=0| vacancy £ 2 TGS
R, vacancy ©O| Ga X7t ofgfjE Lfz{zt +
Z7b EQCE Ve A& symmetryE HESH NN

HAAZL OfgfE LHH{7tHAM 2 AgEofUH

Ga YAXES1tO| bondZt x|, vacancy E O
Ga &XIeO| bond7} LsiK|= HE =0l |-
Vs&= NN Ga {X+=0| vacancy ﬁoi E01

—l—|_|'E

=721 H2|7F 74k MX|BF bond7t MM E|

x #3i2 =orf. o I, IE TZO|M N EI

X UFOM, Veit Vs= relaxation _?_01|E
symmetryE °X|6} Ct. SymmetryE HYSH

VGa out, VS inr VS outn_ Symmetr 7|- OIL ;xg El
SO[ZiC) PX BiotE X2 LIEFL] 7| 9l3] &
Xt Z2F HE2|E Table 1. 22 H2|3}QALC}

Fig. 2. Vacancy Z%t=
Hio=

WE 5= JJZUEDISON) Lt 22|

femon den Ve Vaw
2.57~260
dea i 257 258 (:001) (00 0z 261 (:0.04)
415~522
dsgi 5.25 537 (:012) (15 003 523 (+002)
3.17~3.24
e 3.58 306 (+052) (;041-0.34)
dea_ca 3.58 3.01 (+0.57)
dea-s 2,51
Table 1. Clean GaS, Vea Vgain Vs & 9|
interatomic distances : 2 Ga dimer Q| Z0|, =
vacancy FH S X}t 3 Ol S X} 7+ 40,
= vacancy 2| NN S®&IXt &= 7§ Ato|e| Z0|
(clean 2 lattice vector), & vacancy 2| NN
Ga &A= 7 AtO|e| ZO|, & M=z M7l Ga-S
bond 7E'O|§ LIEfH, 2 o2 clean AfER
are| Xtol.
3.00
[ o— VGafEn
3 200 |
> L
9‘) L
T 100 L
=}
L
o \
O 0.00
= i
= i
S -1.00 F
w i
200 L
(S-rich) (Ga-rich)
-318.00 -63.00

Chemical potential (eV)

Flg 3. VGa—in(rLl'En_I'A—I'|I)J—'—|' VS(
ener%y Jdefj=. A= Zo}
S-rich, Ga-rich cond|t|on S LIELH.

w7 A) o] formation
Zb7F
-

Vea-in, (€) Vs. ol HE2 (a) vacancy
Ol Ga, (b) symmetry & BE3 NN S9| to
view @} side view £ A3t Z. (b)o| W7t MML
ot &l bond & LtERH.
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Al 43 HEHALO|9IA WS 3]E JHL(EDISON) Lt 22|

Zt vacancy TZO|M 74E P E OHX|E Z
= Veain2t VsQ| neutral stateOA formation

Fig. 4. (a) Clean GaS SL, Vgs, Vegain, Vs2| TDOS @ vacancy =X

st7| 2 40l UASI= E =
Ga-richOj|A{-= formation

O] XfHUX2= vacancy?t 4 7ts40|

St charge statestX| 2% 02{SHCHH Ga-rich
2l AR VsE S-rich@®l 42 Ve.E HHSH7| £t
YA UL [2].

PDOSE H|uwdl =M™, Fig. 4(@) oA
20| Vel VeainOlAl= Fermi levelO| valance
band maximum (VBM) {0 = defect stateEs
o ZX4 QRUCE Vs= conduction band minimum
(CBM) Of2HoflA defect stateZ} LIE}SECE Band
gap AtOlo| defectE2| 2IX|E HOf, Vgi Veain
p-type, Vs= n-type =& EHZ XHS & =

e
+
0

o
QL. Vel Veain® H|LSIH, Veainl| defect
state=0| O shallow & & £ QICt 1g|

defect stateS0|= NN X} 3747} next NN X}
SECH O Bol 7|9t 2SS & = ULE F,
Fig. 4(b)-(c)0)| M Vea, Veain & NN S RHXS0|, Vs
= NN Ga @XI=0| defect stateg2| F= 2/2I0|
Ct. vacancy FHO| (next) NN Ga®lXtQ| orbital
PDOSE EQt=0O| Fig. 4(b), defectsOf 7t& = A
20jst= A2 p-orbitalgd 2 =QISHIUCt OpEHIL
X2 (next) NN SQ| orbital PDOS & EH™ Fig.
4(c), p-orbital0| 7I% defectsOf 71& 2 &k
= A2 selz & gt

mjo

o2 o|sgt F=x7t 7
vacancy= symmetryE SX|3t LZxZJF It ot
SIRALCE Neutral stateO| A{Q| formation energy=
Ga-rich, S-rich A=tojA B5% S vacancy?t 4 %

—_

o etEHoIReH

CONCLUSION

0| =20|Me GaS 4x4 sgf)ercelloil e 1
atom vacancy #AE 9AGIRUCL O FOME
symmetryE JFX[8t Z40t symmetryE #Ho I
Z0f oiet Aus S0, symmetryZb X
relaxation0f F3fs O[X[= K| =QISIYICH O &2
It Ga vacancy= NN S Rkt SILI7} vacancy %
S

x

o

band gap FTHO| defect stateES &St Zt
defects0f 7}& 2 de2 NKs AL Z

=] | Gai
-type, S vacancy= n-type EEH Ex%
QF%F')—HQ y yp S S
21 A .
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{Xt=2| PDOS. 3zlMo=z

MAZY Ae EL£0| TDOS. (b) (next) NN Ga ¥Xt=2| angular momentum decomposed PDOS.
() (next) NN S 2X}-=9| angular momentum decomposed PDOS. A2 HMOZ HA|SH HEL2
clean GaS 2| VBM, CBM & L}E}H. W7t MM Fermi level 8 LIEFLH.

energyS ULt Figure 30| A Ga-riche [ Veain
Qt VsO| formation energy= 22+ 2351 -0.87
eV 0|0, S-rich?l Z<L+£ 0.801} 0.67 eVO|LCt. L}
2k BEE chemical potential YN Vs &N
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