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Abstract: It is important to improve its electrical and optical performances of transparent conductive thin films via constructing a
double-layer homogeneous heterostructure with a wide and narrow band gap. The electronic structure, optical properties, carrier
mobility, charge distribution, and energy band alignment of intrinsic and doped SnO,/SnSe, were calculated using the first-principles
based on density functionalities. The results show that a potential difference existing in the intrinsic and doped SnO,/SnSe, electronic
structures causes the electrons in the system to transfer to the interface or SnSe,, and the electrons at the interface form a
two-dimensional electron gas (2-DEG) in the interface gap and move at a high speed at the interface, thereby increasing the mobility
of carriers, while the electrons at SnSe, have a corresponding increase in mobility due to the absence of impurity ion scattering. The
mobilities are 772.82, 5 286.04, 2 656.90 m%/(S-V) and 17 724.60 m*/(S-V), respectively, and the optical transmittance is >80%.
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Table 1 Comparison of lattice parameters before and after
structural optimization

Lattice Before After o
L o Deviation/%
param-cters optlmlzanon/A optlmlzatlon/A
a 4.728 4.837 2.09
b 3.187 3.238 1.60
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Table 2 Comparison of lattice parameters a before and
after heterostructures construction
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Fig. 3 Energy band diagrams of intrinsic and doped SnO,/SnSe, heterostructures

2.2 REFMEESH

THE T AN 28 81 S o 45 K 16 ] WL R Y
e SR S it anfE 5 fros. AL S ATLLE
, LRBERI—FTE, HRREMREmReA
I 25.0%, St 2.5%.

He2EE I R T A K

r+toto=1 €))
Xt FEL R p A RFE; o AL
W . (1) ATEn, AE K& 4B 7% SnO,/SnSe, 55
SERI R G 2EIE I R IITE 80% LA .

2.3 HmTFiEBmER

a3 i H AN R 2 B I)  Joi 45 40 1 L AR
. AR LG, FFRIEQ) T
iR 2%
__eh’Cy,
~ k,Tm*m,E? @
Ry NEIRFITRER, MmN el e
o7 EA ST E: T AREL: ks N Boltzmann
s B ONWE AT M EAL T R TI(VBM) Y 725 7 CER
FHIRT W IR(CBM)M LR EE: mg NEGR T

top



.+ 2630 - (RERR Sh2230)

J Chin Ceram Soc, 2023, 51(10): 2626-2633

2023 4F

(P R5 R Cop NS d AR SRS s 7
LI Plank 4. 3313 4 Fosdidi. 58 4 77 A1,
TO. FTO. NTO LA NFTO 55 SnSe, #4J% ff) 53 i 45 1)
ERE R BN 77282+ 5286.04. 2 656.90 m*/(S-V)

17 724.6 m*/(S-V)o AL Fed544 SnO, F T 45 I
HLUJZ SnSe, ML, T LEMINIERS R I BT

TR [R5 2 R 55 57 45 K 11 250 e W s R ol
REtE, ZRuER 3 Piros.

75 | ) _

5 Se(ds) 60 —F(2s)

25 u AT Se(4p) 30F \ P F(2p)
1 Lol n bl

o Wiy 90 ;

ol Ml T Wk i 1 L M bk |
25 20 -15 -10 -5 0 5 10 35 -30 25 -20 -15 -10 -5 0 5 10
Energy/eV Energy/eV
(a) TO/SnSe, (b) FTO/SnSe,

20 F—— Nb(5s) | o5 [—FQ9
0 ‘ e a4l AERT
120 p—— TDOS | ' [——7pos
60 | lﬁillilﬁ %0 M | 'I‘ME‘!I! ﬂ ﬂ
T e L L wbo b b el ud BT Wbdteis o

4 AKAE KB I% SnO,/SnSe

2 FEIRE T A R

Fig. 4 Electronic density of states of intrinsic and doped SnO,/SnSe, heterostructures

K5 AMEK#B4 SnO,/SnSe, 5

JRES AR AT WGV Y (6 21

Fig. 5 Optical spectra of intrinsic and doped SnO,/SnSe, heterostructures in the visible range
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Table 3 Average light absorption and light reflectance of heterostructures with different doping type

Type TO/SnSe; FTO/SnSe; NTO/SnSe, NFTO/SnSe,
Light absorption ratio 9.258 35 11.073 30 14.982 91 15.221 36
Light reflection ratio 0.355 12 0.520 69 0.837 75 0.844 234

®4 FKIEKIZH Sn0,/SnSe, 4 AR R LB F REMFHFIRETE x HEWA = ELMEBR
Table 4 Mobility of electrons at the bottom of the conduction band of four different doped heterostructures of intrinsic and
doped SnO,/SnSe, along the x-axis transport direction

Sample m; (M) m, (M) m, (M) Ey/J Cop/(J'm™) ity /(87 V)
TO/SnSe, 0.31 0.10 0.18 0.880x10°" 244.96 772.82
FTO/SnSe, 0.24 0.15 0.19 1.072x10°" 203.19 5286.04
NTO/SnSe, 0.38 0.43 0.40 2.890x107" 247.42 2 656.90
NFTO/SnSe, 0.88 0.39 0.59 0.176x10°" 209.10 17 724.6

m, is the static mass of the electron, 9.109 56x 107! kg.
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