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Fig. 1. Top and side views of the atomic structures for the
(a) CssBisgly/InSe heterostructure, and (b) CszSbyly/InSe
heterostructure, where a and b are the lattice vectors and d
is the interlayer distance between the Cs3X,lq and InSe

layers.

1 4 CsyXoly/InSe 53 545 1 fb A% 3 4K (a,
b)JZEIAEEES (d) T4 RE (B,) . il B (Gap) F
FtERECEE ()

Table 1.
tances (d), exciton binding energy (FE,), band gap
(Gap) of 2D
Cs3XoIy/InSe heterostructures.

Lattice constants (a, b), interlayer dis-

and lattice mismatch ratio (g)

Heterostructure Lattice/A d/A  E,/eV Gap/eV ¢/%

a = 8.32

Cs;3Biyly/InSe 3.71  0.79 1.61 1.89
b =8.32
a = 8.30

Cs3Sbyly/InSe 3.77 073 119 161
b =8.30
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Fig. 2. Band structures of monolayer (a) Cs3Bisly, (b) Cs3Sbyly and (c) InSe.
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Fig. 3. Band structures of (a) Cs3Biyly/InSe heterostructure and (b) CssSbyly/InSe heterostructure; (c) carrier migration mechan-

isms in Cs3X,ly/InSe heterostructures, the red and blue lines represent the electronic orbital contributions for InSe and Cs3Xoly,

respectively.
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Fig. 4. Optical absorption coefficients of (a) 2D CssBiyly/
InSe heterostructure and (b) Cs3Sbholg/InSe heterostructure

and their respective layers in the visible spectrum.
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DAL AT T PT BB B o SR M FLAR TN 2.

3.3 HRFEHTF

BE T AR S BRI R B T B I AR AT E
(53T, 3T (3) 2, ¥ PBE Jy kA58 1) e i
W o My Jr mBEFT UG, THEAS B E DT E)
(L F RN ZS SO R ", 5T (4) 28, KRER Y
TR S A XTI B o Ay 5 ] 1Y) SRl 0 AR R A 7
LIS, 1152 DP HEE. BT (5) K, R
PE R ZR B RE R X 1y J5 1] 4 B A 17 22 F) i 40
G, PRSP & Cop WANTEM EHA S4, S5
(online). 4 Csy Xoly/InSe 57 5T 45 14 P A5 1 2
JA1 BT T A SR B R RN, 4k Csy Xolo/
InSe SR T o Fl y J7 0] A SR PR Cyp J2 45 [1]
[ Y. DP %40 By 3RAE T LTRSS H T2
R A SR B, HW o F1 y 7 a2 45 i [l R
H 4k Cs3Xolo/InSe 5 51 45 1Y HL + F1 25 70 2L
T AR S 1] [l PR Y, I DL RS T
R B YR M. R TR R 2 5.
R (2) IR R BA B T, Cs;Bisly/
InSe LT (%570) THRITE o My 710502
472.8(31.39) F1425.55(44.32) cm2-V Ls 1, CsyShyly/
InSe HYHL T (2570) LB RNTE o Fl y JI5 a4 2
619.99(23.04) Al 692.3(40.94) cm2V Ls 1. [ R4k
SRRW, X P S T2 2 LA i o L.

#2300 K PR FRZ 7 o My IR ART SR m (mg). DP %4 E, (eV). MR E Cp (N/m) MR T

T pop (cm2VLsT)
Table 2.
for electron and hole along and y directions at 300 K.

Effective masses m (my), DP E; (eV), 2D modulus of elasticity Cyp (N/m) and carrier mobility uyp (cm?V st)

Carrier type my my By, B, G o Cop Hop_ o Hap_y
Cs3Biyly/InSe 0.22 0.23 8.62 8.62 122.96 122.96 472.80 425.55
Electron
Cs3Shyly/InSe 0.24 0.22 7.13 7.13 125.76 123.22 619.99 692.30
Cs3Biyly/InSe 1.16 0.97 6.43 6.43 122.96 122.96 31.39 44.32
Hole
Cs3Shyly/InSe 1.01 0.75 8.68 8.68 125.76 123.22 23.04 40.94

137101-5


https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20240434
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20240434
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 73, No. 13 (2024)

137101

R T AT BOK B L -2 7O B AR AR
I (6) RIAIRE (n = 1) 4546 E,. H PBE
THEHE —4E CsyBi,l/InSe(Cs3Sbyly/InSe) FJit
LT A RE By A 0.79(0.73) eV, 45 5R L 1.
BRI T4 G e 72 7S i h 5 5 &
B G, AR RN R Z —.

34 NTIRE

SEF e TR RSN ) 2 IR e ARt
HUPERE A AT B FRIL, AF9E T o 1y D7 [l
7 PR T 4 1 AU 97 A8 X — 4 Csy Xolo/InSe 5 Jii
LM GHLPERE TR £ N AE T I REHT 25 F WA 7T
K BHE S6, ST (online). & 5(a), (b) W78 T 4k

(a) 4
3 L

> 27

o

~

B o1t

8

] InSe Cs3Bislg/InSe

H oo
1k
-2

-5 -4-3-2-10 1 2 3 4 5
Strain/%

Cs3 Xylo/InSe 55 [T 45 (1 BEH 45 14 X XUl 107 22 14 ey
L. YR IN-5% 4 AR 31 4-5% A AR VR T
ST AE RIS, B AR NS A 0 24 B-5%, REtr
BRI WG K, B A BN I 0 AL F]+5%,
AT BT I8N 24 0 4-4% RiAR 3Rk R i
4k CsyBiyly/InSe B4 Y REHHESI M 1T BUHE AR
T L. [, R U R A8 AT LU InSe fY
JEE AN THAH FL AR, T Csg XLy BUREMF AT BT
FAG. 255, 324K TnSe Y BEM X XU 1 22 1 1]
L, TR Csy Xolo Y RE X AU Rz A% (14 1 Jif
AN

K 6(a), (b) Brs T 4k Csy Xolo/InSe 5 i 4h
IR AT R 5B XU 78 ) AR A DG 2R . (B Y

(b)

Energy/eV

InSe M Cs3Sbylyg/InSe

-5 -4-3-2-10 1 2 3 4 5
Strain/%

5 TR A AY (a) CssBisly/InSe Al (b) CsySbyly/InSe vdWHs 71 i1 BE 2
Fig. 5. Biaxial strain-based (a) Cs3Bisly/InSe and (b) Cs3Shyly/InSe vdWHs band edge energy.

6
Tf\ (a) —— No strain ()
g o1 — —2%
o
g. 4l +2%
%g — +5%
5% 3
2
S5 ol
<z
g 1t
9 =
o

25 3.0 35 40 4.5
Energy/eV

1.5 2.0

Conduction band offset/eV

6
Q‘_\ (b) — No strain
g 51 — 2%
gmo al +2%
58 — +5%
5% 8
£z
2
< .g 2
5 1
9 ~
© O —— 1 1 1
1.5 2.0 25 3.0 35 4.0 4.5

Energy/eV

’s3Bislg/InSe) @

Power conversion effiency/%

Band gap of donor/eV

K6 XU A (a) CsyBislg/InSe Al (b) CsySbyly/InSe vdWHs G I R XM ; (¢) CsyXoly/InSe 2544 PCE &l
Fig. 6. Biaxial strain on optical absorption coefficients of (a) Cs3Biyly/InSe and (b) Cs3Sbyly/InSe vdWHs; (¢) PCE map of intrinsic

Cs3Xoly/InSe.

137101-6


https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20240434
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 73, No. 13 (2024)

137101

S 4E Csy Xolg/InSe 5545 78 AT WL X A Sk
WAL it 5 e e U 0 A ) 3G A B B iR T, A
T 4 38 X6 K FH S B i 37 . 3 F Shockley-Queisser
limit (7) 3, ASCHH T 4 Cs3X,1y/InSe 55 4%
TE-5%—+5% BN ZE T 1Y) PCE. W& 6(c) Fizs.
SRR, RIER 4k Csy Xoly/InSe 5 45 1AL
KUK 1.4%, TAE-5%—+5% WU 11 1T,
T4k CssBiyly/InSe 5 5 45 ) PCE JL T & £ 4%
b5 TE-5% BUIN AE T, —4E Cs3Sbyly/InSe 7 Jit
4509 PCE 27 2 3.3%. — 4k CsyX,ly/InSe 5 it
45K PCE FZIHTLUFHZE. 1L, A Cs;Biyl,
(Cs3Sbyly) HIHFBR 3.1 eV (2.6 V) Bk, IR T 4
DIARAS Kam AR . FhR, 2 iR S LA
SR R K, FEOT B ERUN. [FE, BT
XU 78 AN B Sk 35 R I AR R A ely (A% 1
PR AR SCIA A 1 A8 TR JF AN RE A Z AR T
N EGEEERIRTED S

4 % ®

ZE E TR, WESE T 24 CsyXoly/InSe 5 i
SR HL AR PR . RS R BoR, 4
Cs3Xolg/InSe 57 i 25 S 80 11 AU REAF HES, HoAen]
W' B g AP X BN A 8 e RS R 88, AR
WM 10° cm . BT IR AR RIS A 4k
Cs3X,ly/InSe 55 B 45 B B - 1E 75 R AR 4 1]
[ HE ), LT RS o i 1R B 24331 Ok 6.9 %
103 Fil 44 em? Vst BoRX PRI gt | T T
TRk F8Y. BT REUR TRAEI T —4E Cs3Biyly/
InSe il Cs3Shyly/InSe 5 J5t 45 H A 8K (T 45
B HE 0.79 F1 0.73 eV. B WL R 5. 2+
TR R PLTRE, - 4E Cs3Xoly/InSe 53 it 285 1%
HTEEUR B F. SR 3T Shockley-Queisser
limit 7155 9 — 4 Csy X,lo/InSe 53 Fi 25 19 PCE X
H1.4% Lty , AER TR KBHAESER. (KA PCE
PR F R i AR B A A . ek, ST
HREAS ) 4k Cs Xole/InSe SR 45 156 HL M )
PEE SRR, PR U N A BEAS B R OB I R B,
AERUAh 1 728 I AN BB A R0 5 R P b A it A
WS 7E-5% BURNLAE T, —4E Cs3X,lo/InSe 5
45 B B PCE 0k 3.3%. R, S8 FiEEis |
iR 5| BT BT TR FRAL A Css X1y Y BET
7 B S AL AN Z AR ] 1) el B T 4255 PCE.

Bl o PR A

S Ji 18 SCHY ¢ 1B B gl T AE B A RO AR AT
https://doi.org/10.57760/sciencedb.j00213.00017
SRVIEE/RIE

S 3k

[1] Xue M, Jiang F Y, Qin F, Li Z F, Tong J H, Xiong S X,
Meng W, Zhou Y H 2014 ACS Appl. Mater. Interfaces 6
22628

[2] Gu S, Lin R, Han Q, Gao Y, Tan H, Zhu J 2020 Adv. Mater.
32 1907392

[3] Bernardi M, Palummo M, Grossman J C 2012 ACS Nano 6
10082

[4] Zhang D B, Hu S, Liu X, Chen Y Z, Xia Y D, Wang H,
Wang HY, Ni'Y X 2021 ACS Appl. Energy Mater. 1 357

[6] Zhuang Q Y, Li J, He C Y, Yang T O, Zhang C X, Tang C,
Zhong J X 2021 Nanoscale Adv. 3 3643

6] Gray H B 2009 Nat. Chem. 17

[7] Lang Y F, Zou D F, Xu Y, Jiang S L, Zhao Y Q, Ang S Y
2024 Appl. Phys. Lett. 124 052903

[8] Jeong J, Kim M J, Seo J D, Lu H Z, Ahlawat P, Mishra A,
Yang Y G, Hope M A, Eickemeyer F T, Kim M, Yoon Y J,
Choi I W, Darwich B P, Choi S J, Jo Y, Lee J H, Walker B,
Zakeeruddin S M, Emsley L, Rothlisberger U, Hagfeldt A,
Kim D S, Gritzel M, Kim J Y 2021 Nature 592 381

9] Chen L, Zhang L W, Chen Y S 2018 Acta Phys. Sin. 67
028801 (in Chinese) [Mi5%, 5K A, Mk F+ 2018 MyF~=iR 67
028801]

[10] Zhang Y, Zhou H P 2019 Acta Phys. Sin. 68 158804 (in
Chinese) [TREE, IR 2019 HIFE243R 68 158804]

[11] Sun J C, Wu J, Tong X, Lin F, Wang Y A, Wang Z M 2018
Adv. Seci. 5 1700780

[12] Jiang Y, Xu T F, Du H Q, Rothmann M U, Yin Z W, Yuan
Y, Xiang W C, Hu Z Y, Liang G J, Liu S Z, Nazeeruddin M
K, Cheng Y N, Li W 2023 Joule 7 2905

[13] Tailor N K, Satapathi S 2020 ACS Appl. Energy Mater. 3
11732

[14] Yu Z L, Zhao Y Q, Wan Q, Liu B, Yang J L, Cai M Q 2020
J. Phys. Condens. Matter. 32 205504

[15]) Zhang Z W, Liu Z S, Zhang J J, Sun B N, Zou D F, Nie G Z,
Chen M Y, Zhao Y Q, Jiang S L 2023 Phys. Chem. Chem.
Phys. 25 9548

[16] Liao C S, Ding Y F, Zhao Y Q, Cai Q M 2021 Appl. Phys.
Lett. 1 November 119 182903

[17) Chen X K, Zhang E M, Wu D, Chen K Q 2023 Phys. Rev.
Applied 19 044052

[18] Chen X K, Hu X Y, Jia P, Xie Z X, Liu J 2021 Int. J. Mech.
Sci. 206 106576

[19] Chen X K, Zhang Y, Luo Q Q, Chen X, Jia P, Zhuo W X
2023 Phys. Rev. B 108 235420

[20] Sun B, Ding Y F, He P B, Zhao Y Q, Cai M Q 2021 Phys.
Rev. Applied 16 044003

[21] Arfin H, Kshirsagar A S, Kaur J, Mondal B, Xia Z G,
Chakraborty S, Nag A 2020 Chem. Mater 32 10267

[22] Attique S, Ali N, Ali S, Khatoon R, Li N, Khesro A, Rauf S,
Yang S K, Wu H Z 2020 Adv. Sci. 7 1903143

[23] Zeng M Y, Zhao Y Q, Cai M Q 2021 Phys. Rev. Appl. 16
054019

137101-7


https://doi.org/10.57760/sciencedb.j00213.00017
https://doi.org/10.57760/sciencedb.j00213.00017
https://doi.org/10.1021/am5077974
https://doi.org/10.1021/am5077974
https://doi.org/10.1021/am5077974
https://doi.org/10.1021/am5077974
https://doi.org/10.1021/am5077974
https://doi.org/10.1021/am5077974
https://doi.org/10.1002/adma.201907392
https://doi.org/10.1002/adma.201907392
https://doi.org/10.1002/adma.201907392
https://doi.org/10.1002/adma.201907392
https://doi.org/10.1002/adma.201907392
https://doi.org/10.1002/adma.201907392
https://doi.org/10.1021/nn303815z
https://doi.org/10.1021/nn303815z
https://doi.org/10.1021/nn303815z
https://doi.org/10.1021/nn303815z
https://doi.org/10.1021/nn303815z
https://doi.org/10.1021/nn303815z
https://doi.org/10.1021/acsaem.0c02283
https://doi.org/10.1021/acsaem.0c02283
https://doi.org/10.1021/acsaem.0c02283
https://doi.org/10.1021/acsaem.0c02283
https://doi.org/10.1021/acsaem.0c02283
https://doi.org/10.1021/acsaem.0c02283
https://doi.org/10.1021/acsaem.0c02283
https://doi.org/10.1039/D1NA00209K
https://doi.org/10.1039/D1NA00209K
https://doi.org/10.1039/D1NA00209K
https://doi.org/10.1039/D1NA00209K
https://doi.org/10.1039/D1NA00209K
https://doi.org/10.1039/D1NA00209K
https://doi.org/10.1039/D1NA00209K
https://doi.org/10.1038/nchem.141
https://doi.org/10.1038/nchem.141
https://doi.org/10.1038/nchem.141
https://doi.org/10.1038/nchem.141
https://doi.org/10.1038/nchem.141
https://doi.org/10.1038/nchem.141
https://doi.org/10.1038/nchem.141
https://doi.org/10.1063/5.0189709
https://doi.org/10.1063/5.0189709
https://doi.org/10.1063/5.0189709
https://doi.org/10.1063/5.0189709
https://doi.org/10.1063/5.0189709
https://doi.org/10.1063/5.0189709
https://doi.org/10.1063/5.0189709
https://doi.org/10.1038/s41586-021-03406-5
https://doi.org/10.1038/s41586-021-03406-5
https://doi.org/10.1038/s41586-021-03406-5
https://doi.org/10.1038/s41586-021-03406-5
https://doi.org/10.1038/s41586-021-03406-5
https://doi.org/10.1038/s41586-021-03406-5
https://doi.org/10.1038/s41586-021-03406-5
https://doi.org/10.7498/aps.67.20171956
https://doi.org/10.7498/aps.67.20171956
https://doi.org/10.7498/aps.67.20171956
https://doi.org/10.7498/aps.67.20171956
https://doi.org/10.7498/aps.67.20171956
https://doi.org/10.7498/aps.67.20171956
https://doi.org/10.7498/aps.67.20171956
https://doi.org/10.7498/aps.67.20171956
https://doi.org/10.7498/aps.67.20171956
https://doi.org/10.7498/aps.67.20171956
https://doi.org/10.7498/aps.67.20171956
https://doi.org/10.7498/aps.67.20171956
https://doi.org/10.7498/aps.67.20171956
https://doi.org/10.7498/aps.68.20190343
https://doi.org/10.7498/aps.68.20190343
https://doi.org/10.7498/aps.68.20190343
https://doi.org/10.7498/aps.68.20190343
https://doi.org/10.7498/aps.68.20190343
https://doi.org/10.7498/aps.68.20190343
https://doi.org/10.7498/aps.68.20190343
https://doi.org/10.7498/aps.68.20190343
https://doi.org/10.7498/aps.68.20190343
https://doi.org/10.7498/aps.68.20190343
https://doi.org/10.7498/aps.68.20190343
https://doi.org/10.7498/aps.68.20190343
https://doi.org/10.7498/aps.68.20190343
https://doi.org/10.7498/aps.68.20190343
https://doi.org/10.7498/aps.68.20190343
https://doi.org/10.1002/advs.201700780
https://doi.org/10.1002/advs.201700780
https://doi.org/10.1002/advs.201700780
https://doi.org/10.1002/advs.201700780
https://doi.org/10.1002/advs.201700780
https://doi.org/10.1002/advs.201700780
https://doi.org/10.1016/j.joule.2023.10.019
https://doi.org/10.1016/j.joule.2023.10.019
https://doi.org/10.1016/j.joule.2023.10.019
https://doi.org/10.1016/j.joule.2023.10.019
https://doi.org/10.1016/j.joule.2023.10.019
https://doi.org/10.1016/j.joule.2023.10.019
https://doi.org/10.1016/j.joule.2023.10.019
https://doi.org/10.1021/acsaem.0c01849
https://doi.org/10.1021/acsaem.0c01849
https://doi.org/10.1021/acsaem.0c01849
https://doi.org/10.1021/acsaem.0c01849
https://doi.org/10.1021/acsaem.0c01849
https://doi.org/10.1021/acsaem.0c01849
https://doi.org/10.1088/1361-648X/ab6e90
https://doi.org/10.1088/1361-648X/ab6e90
https://doi.org/10.1088/1361-648X/ab6e90
https://doi.org/10.1088/1361-648X/ab6e90
https://doi.org/10.1088/1361-648X/ab6e90
https://doi.org/10.1088/1361-648X/ab6e90
https://doi.org/10.1039/D3CP00009E
https://doi.org/10.1039/D3CP00009E
https://doi.org/10.1039/D3CP00009E
https://doi.org/10.1039/D3CP00009E
https://doi.org/10.1039/D3CP00009E
https://doi.org/10.1039/D3CP00009E
https://doi.org/10.1039/D3CP00009E
https://doi.org/10.1039/D3CP00009E
https://doi.org/10.1063/5.0068971
https://doi.org/10.1063/5.0068971
https://doi.org/10.1063/5.0068971
https://doi.org/10.1063/5.0068971
https://doi.org/10.1063/5.0068971
https://doi.org/10.1063/5.0068971
https://doi.org/10.1063/5.0068971
https://doi.org/10.1063/5.0068971
https://doi.org/10.1103/PhysRevApplied.19.044052
https://doi.org/10.1103/PhysRevApplied.19.044052
https://doi.org/10.1103/PhysRevApplied.19.044052
https://doi.org/10.1103/PhysRevApplied.19.044052
https://doi.org/10.1103/PhysRevApplied.19.044052
https://doi.org/10.1103/PhysRevApplied.19.044052
https://doi.org/10.1103/PhysRevApplied.19.044052
https://doi.org/10.1103/PhysRevApplied.19.044052
https://doi.org/10.1016/j.ijmecsci.2021.106576
https://doi.org/10.1016/j.ijmecsci.2021.106576
https://doi.org/10.1016/j.ijmecsci.2021.106576
https://doi.org/10.1016/j.ijmecsci.2021.106576
https://doi.org/10.1016/j.ijmecsci.2021.106576
https://doi.org/10.1016/j.ijmecsci.2021.106576
https://doi.org/10.1016/j.ijmecsci.2021.106576
https://doi.org/10.1016/j.ijmecsci.2021.106576
https://doi.org/10.1103/PhysRevB.108.235420
https://doi.org/10.1103/PhysRevB.108.235420
https://doi.org/10.1103/PhysRevB.108.235420
https://doi.org/10.1103/PhysRevB.108.235420
https://doi.org/10.1103/PhysRevB.108.235420
https://doi.org/10.1103/PhysRevB.108.235420
https://doi.org/10.1103/PhysRevB.108.235420
https://doi.org/10.1103/PhysRevApplied.16.044003
https://doi.org/10.1103/PhysRevApplied.16.044003
https://doi.org/10.1103/PhysRevApplied.16.044003
https://doi.org/10.1103/PhysRevApplied.16.044003
https://doi.org/10.1103/PhysRevApplied.16.044003
https://doi.org/10.1103/PhysRevApplied.16.044003
https://doi.org/10.1103/PhysRevApplied.16.044003
https://doi.org/10.1103/PhysRevApplied.16.044003
https://doi.org/10.1021/acs.chemmater.0c03394
https://doi.org/10.1021/acs.chemmater.0c03394
https://doi.org/10.1021/acs.chemmater.0c03394
https://doi.org/10.1021/acs.chemmater.0c03394
https://doi.org/10.1021/acs.chemmater.0c03394
https://doi.org/10.1021/acs.chemmater.0c03394
https://doi.org/10.1021/acs.chemmater.0c03394
https://doi.org/10.1002/advs.201903143
https://doi.org/10.1002/advs.201903143
https://doi.org/10.1002/advs.201903143
https://doi.org/10.1002/advs.201903143
https://doi.org/10.1002/advs.201903143
https://doi.org/10.1002/advs.201903143
https://doi.org/10.1002/advs.201903143
https://doi.org/10.1103/PhysRevApplied.16.054019
https://doi.org/10.1103/PhysRevApplied.16.054019
https://doi.org/10.1103/PhysRevApplied.16.054019
https://doi.org/10.1103/PhysRevApplied.16.054019
https://doi.org/10.1103/PhysRevApplied.16.054019
https://doi.org/10.1103/PhysRevApplied.16.054019
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 73, No. 13 (2024)

137101

24]
[25]
[26]

27]

(28]

29]

(30]

31]

(32]

33]
(34]

(35]
(36]

(37]
(38]

39]

Li J, Guo X Y, Hu X M, Wang W, Tai Y Y, Xie M, Zhi L,
Zhang S L, Zeng H B 2023 Appl. Surf. Sci. 618 156626

Jin Z X, Zhang Z, Xiu J W, Song H S, Gatti T, He Z B 2020
J. Mater. Chem. A 8 16166

LiLJ, Ye G, Luo T Y, Chen X Y, Zhang G J, Wu H, Yang
L, Zhang W F, Chang H X 2022 J. Phys. Chem. C 126 3646
Oh J M, Venters C C, Di C, Pinto A M, Wan L L, Younis I,
Cai Z Q, Arai C, So B R, Duanl J Q, Dreyfuss G 2020 Nat.
Commun. 11 1

Zhang J Y, Ii A F, Li B H, Yang M M, Hao X, Wu L L,
Zhao D W, Xia G P, Ren Z F, Tian W B, Yang D Y, Zhang
J Q 2022 ACS Photonics 9 641

Li A F, Yang M M, Tang P, Hao X, Wu L L, Tian W B,
Yang D Y, Zhang J Q 2023 ACS Appl. Mater. Interfaces 15
23390

Zhang H J, Xu Y D, Sun Q H, Dong J P, Lu Y F, Zhang B
B, Jie W Q 2018 Cryst. Eng. Comm. 20 4935

McCall K M, Liu Z F, Trimarchi G, Stoumpos C C, Lin W
W, He Y H, Hadar I, Kanatzidis M G, Wessels B W 2018
ACS Photonics 5 3748

Bresolin B M, Balayeva N O, Granone L I, Dillert R,
Bahnemann D W, Sillanpaa M 2020 Sol. Energy Mater. Sol.
C. 204 110214

Adams K, Mallows J, Li T Y, Kampouris D, Thijssen J B J,
Robertson N 2019 J. Phys. Energy 1 034001

Cuhadar C, Kim S G, Yang J M, Seo J Y, Lee D, Park N G
2018 ACS Appl. Mater. Interfaces 10 29741

Hussain A A 2020 ACS Appl. Mater. Interfaces 12 46317
Tewari N, Shivarudraiah S B, Halpert J E 2021 Nano Lett. 21
5578

LiY, Wang J H, Shen G Z 2022 Adv. Sci. 9 2202123
YuZL,JiaY T, Lang L, Sun X X, Zou Z J, Li F, Zhao Y Q,
Liu B, Li C, Liao G H 2023 J. Phys. : Condens. Matter 35
145501

Guo R, Wei X, Cao M Y, Zhang Y, Yang Y, Fan J B, Liu J,
Tian Y, Zhao Z K, Duan L 2022 Acta Chim. Sinica 80 526 (in
Chinese) [5¥3H, B2, BRk =, 1KUF, M=, Bgku, 18, HEF,
B BB 2022 fh2EaEAR 80 526)

(40]
[41]

[42]

143]
[44]
J45]
[46]
j47]

(48]

(49]

[51]
[52]

[53]
[54]

[55]
[56]
[57]

[58]
[59]

137101-8

Yuan X J, Liu X J 2022 Phys. Chem. Chem. Phys. 24 17703
Yuan X J, Tang S H, Qiu S, Liu X J 2023 J. Phys. Chem. C
127 1828

Yu B B, Liao M, Yang J X, Chen W, Zhu Y D, Zhang X S,
Duan T, Yao W T, Wei S H, He Z B 2019 J. Mater. Chem. A
7 8818

Zhao Y Q, Liu Z S, Nie G Z, Zhu Z H, Chai Y F, Wang J N,
Cai M Q, Jiang S L 2021 Appl. Phys. Lett. 118 173104

Zhao Y Q, Xu Y, Zou D F, Wang J N, Xie G F, Liu B, Cai
M Q, Jiang S L 2020 J. Phys. : Condens. Matter 32 195501
Sun G, Kutri J, Rajezy P, Kertesz M, Hafner J, Kresse G
2003 J. Molecular Structure: Theochem. 624 37

Perdew J P, Burke K, Wang Y 1996 Phys. Rev. B 54 16533
Ernzerhof M, Perdew J P 1998 J. Chem. Phys. 109 3313
Steinmann S N, Corminboeuf C 2011 J. Chem. Phys. 134
044117

Xia C X, Du J, Huang X W, Xiao X B, Xiong W Q, Wang T
X, Wei Z M, Jia Y, Shi J J, Li J B 2018 Phys. Rev. B 97
115416

Gajdos G, Hummer K, Kresse G, Furthmuller J, Bechstedt F
2006 Phys. Rev. B 73 045112

Sun S S, Meng F C, Wang H Y, Wang H, Ni Y X 2018 J.
Mater. Chem. A 6 11890

Cai Y Q, Zhang G, Zhang Y W 2014 J. Am. Chem. Soc. 136
6269

Dong S, Li Y C 2021 Phys. Rev. B 104 085133

Zhong F, Nie G Z, Lang Y F, Zhang Z W, LiH L, Gan L F,
Xu'Y, Zhao Y Q 2023 Phys. Chem. Chem. Phys. 25 3175
Choi J H, Cui P, Lan H P, Zhang Z Y 2015 Phys. Rev.
Letters 115 066403

Jiang D S 2005 Physics. 34 521 (in Chinese) [JL{#f 2005 #)
34 521]

Sun P P, Li Q S, Feng S, Li Z S 2016 Phys. Chem. Chem.
Phys. 18 14408

Zhou L J, Zhang Y F, Wu L M 2013 Nano Lett. 13 5431

Hu W, Lin L, Zhang R Q, Yang C, Yang J L 2017 J. Am.
Chem. Soc. 139 15429


https://doi.org/10.1016/j.apsusc.2023.156626
https://doi.org/10.1016/j.apsusc.2023.156626
https://doi.org/10.1016/j.apsusc.2023.156626
https://doi.org/10.1016/j.apsusc.2023.156626
https://doi.org/10.1016/j.apsusc.2023.156626
https://doi.org/10.1016/j.apsusc.2023.156626
https://doi.org/10.1016/j.apsusc.2023.156626
https://doi.org/10.1039/D0TA05433J
https://doi.org/10.1039/D0TA05433J
https://doi.org/10.1039/D0TA05433J
https://doi.org/10.1039/D0TA05433J
https://doi.org/10.1039/D0TA05433J
https://doi.org/10.1039/D0TA05433J
https://doi.org/10.1021/acs.jpcc.1c08815
https://doi.org/10.1021/acs.jpcc.1c08815
https://doi.org/10.1021/acs.jpcc.1c08815
https://doi.org/10.1021/acs.jpcc.1c08815
https://doi.org/10.1021/acs.jpcc.1c08815
https://doi.org/10.1021/acs.jpcc.1c08815
https://doi.org/10.1021/acs.jpcc.1c08815
https://doi.org/10.1038/s41467-019-13993-7
https://doi.org/10.1038/s41467-019-13993-7
https://doi.org/10.1038/s41467-019-13993-7
https://doi.org/10.1038/s41467-019-13993-7
https://doi.org/10.1038/s41467-019-13993-7
https://doi.org/10.1038/s41467-019-13993-7
https://doi.org/10.1038/s41467-019-13993-7
https://doi.org/10.1038/s41467-019-13993-7
https://doi.org/10.1021/acsphotonics.1c01647
https://doi.org/10.1021/acsphotonics.1c01647
https://doi.org/10.1021/acsphotonics.1c01647
https://doi.org/10.1021/acsphotonics.1c01647
https://doi.org/10.1021/acsphotonics.1c01647
https://doi.org/10.1021/acsphotonics.1c01647
https://doi.org/10.1021/acsphotonics.1c01647
https://doi.org/10.1021/acsami.3c01171
https://doi.org/10.1021/acsami.3c01171
https://doi.org/10.1021/acsami.3c01171
https://doi.org/10.1021/acsami.3c01171
https://doi.org/10.1021/acsami.3c01171
https://doi.org/10.1021/acsami.3c01171
https://doi.org/10.1039/C8CE00925B
https://doi.org/10.1039/C8CE00925B
https://doi.org/10.1039/C8CE00925B
https://doi.org/10.1039/C8CE00925B
https://doi.org/10.1039/C8CE00925B
https://doi.org/10.1039/C8CE00925B
https://doi.org/10.1039/C8CE00925B
https://doi.org/10.1021/acsphotonics.8b00813
https://doi.org/10.1021/acsphotonics.8b00813
https://doi.org/10.1021/acsphotonics.8b00813
https://doi.org/10.1021/acsphotonics.8b00813
https://doi.org/10.1021/acsphotonics.8b00813
https://doi.org/10.1021/acsphotonics.8b00813
https://doi.org/10.1016/j.solmat.2019.110214
https://doi.org/10.1016/j.solmat.2019.110214
https://doi.org/10.1016/j.solmat.2019.110214
https://doi.org/10.1016/j.solmat.2019.110214
https://doi.org/10.1016/j.solmat.2019.110214
https://doi.org/10.1016/j.solmat.2019.110214
https://doi.org/10.1016/j.solmat.2019.110214
https://doi.org/10.1016/j.solmat.2019.110214
https://doi.org/10.1088/2515-7655/ab22d7
https://doi.org/10.1088/2515-7655/ab22d7
https://doi.org/10.1088/2515-7655/ab22d7
https://doi.org/10.1088/2515-7655/ab22d7
https://doi.org/10.1088/2515-7655/ab22d7
https://doi.org/10.1088/2515-7655/ab22d7
https://doi.org/10.1088/2515-7655/ab22d7
https://doi.org/10.1021/acsami.8b07103
https://doi.org/10.1021/acsami.8b07103
https://doi.org/10.1021/acsami.8b07103
https://doi.org/10.1021/acsami.8b07103
https://doi.org/10.1021/acsami.8b07103
https://doi.org/10.1021/acsami.8b07103
https://doi.org/10.1021/acsami.8b07103
https://doi.org/10.1021/acsami.0c14083
https://doi.org/10.1021/acsami.0c14083
https://doi.org/10.1021/acsami.0c14083
https://doi.org/10.1021/acsami.0c14083
https://doi.org/10.1021/acsami.0c14083
https://doi.org/10.1021/acsami.0c14083
https://doi.org/10.1021/acsami.0c14083
https://doi.org/10.1021/acs.nanolett.1c01000
https://doi.org/10.1021/acs.nanolett.1c01000
https://doi.org/10.1021/acs.nanolett.1c01000
https://doi.org/10.1021/acs.nanolett.1c01000
https://doi.org/10.1021/acs.nanolett.1c01000
https://doi.org/10.1021/acs.nanolett.1c01000
https://doi.org/10.1002/advs.202202123
https://doi.org/10.1002/advs.202202123
https://doi.org/10.1002/advs.202202123
https://doi.org/10.1002/advs.202202123
https://doi.org/10.1002/advs.202202123
https://doi.org/10.1002/advs.202202123
https://doi.org/10.1002/advs.202202123
https://doi.org/10.1088/1361-648X/acb89f
https://doi.org/10.1088/1361-648X/acb89f
https://doi.org/10.1088/1361-648X/acb89f
https://doi.org/10.1088/1361-648X/acb89f
https://doi.org/10.1088/1361-648X/acb89f
https://doi.org/10.1088/1361-648X/acb89f
https://doi.org/10.6023/A21120543
https://doi.org/10.6023/A21120543
https://doi.org/10.6023/A21120543
https://doi.org/10.6023/A21120543
https://doi.org/10.6023/A21120543
https://doi.org/10.6023/A21120543
https://doi.org/10.6023/A21120543
https://doi.org/10.6023/A21120543
https://doi.org/10.6023/A21120543
https://doi.org/10.6023/A21120543
https://doi.org/10.6023/A21120543
https://doi.org/10.6023/A21120543
https://doi.org/10.6023/A21120543
https://doi.org/10.6023/A21120543
https://doi.org/10.6023/A21120543
https://doi.org/10.1039/D2CP01507B
https://doi.org/10.1039/D2CP01507B
https://doi.org/10.1039/D2CP01507B
https://doi.org/10.1039/D2CP01507B
https://doi.org/10.1039/D2CP01507B
https://doi.org/10.1039/D2CP01507B
https://doi.org/10.1039/D2CP01507B
https://doi.org/10.1021/acs.jpcc.2c07731
https://doi.org/10.1021/acs.jpcc.2c07731
https://doi.org/10.1021/acs.jpcc.2c07731
https://doi.org/10.1021/acs.jpcc.2c07731
https://doi.org/10.1021/acs.jpcc.2c07731
https://doi.org/10.1021/acs.jpcc.2c07731
https://doi.org/10.1039/C9TA01978B
https://doi.org/10.1039/C9TA01978B
https://doi.org/10.1039/C9TA01978B
https://doi.org/10.1039/C9TA01978B
https://doi.org/10.1039/C9TA01978B
https://doi.org/10.1039/C9TA01978B
https://doi.org/10.1063/5.0045903
https://doi.org/10.1063/5.0045903
https://doi.org/10.1063/5.0045903
https://doi.org/10.1063/5.0045903
https://doi.org/10.1063/5.0045903
https://doi.org/10.1063/5.0045903
https://doi.org/10.1063/5.0045903
https://doi.org/10.1088/1361-648X/ab6d8f
https://doi.org/10.1088/1361-648X/ab6d8f
https://doi.org/10.1088/1361-648X/ab6d8f
https://doi.org/10.1088/1361-648X/ab6d8f
https://doi.org/10.1088/1361-648X/ab6d8f
https://doi.org/10.1088/1361-648X/ab6d8f
https://doi.org/10.1088/1361-648X/ab6d8f
https://doi.org/10.1016/S0166-1280(02)00733-9
https://doi.org/10.1016/S0166-1280(02)00733-9
https://doi.org/10.1016/S0166-1280(02)00733-9
https://doi.org/10.1016/S0166-1280(02)00733-9
https://doi.org/10.1016/S0166-1280(02)00733-9
https://doi.org/10.1016/S0166-1280(02)00733-9
https://doi.org/10.1016/S0166-1280(02)00733-9
https://doi.org/10.1103/PhysRevB.54.16533
https://doi.org/10.1103/PhysRevB.54.16533
https://doi.org/10.1103/PhysRevB.54.16533
https://doi.org/10.1103/PhysRevB.54.16533
https://doi.org/10.1103/PhysRevB.54.16533
https://doi.org/10.1103/PhysRevB.54.16533
https://doi.org/10.1103/PhysRevB.54.16533
https://doi.org/10.1063/1.476928
https://doi.org/10.1063/1.476928
https://doi.org/10.1063/1.476928
https://doi.org/10.1063/1.476928
https://doi.org/10.1063/1.476928
https://doi.org/10.1063/1.476928
https://doi.org/10.1063/1.476928
https://doi.org/10.1063/1.3545985
https://doi.org/10.1063/1.3545985
https://doi.org/10.1063/1.3545985
https://doi.org/10.1063/1.3545985
https://doi.org/10.1063/1.3545985
https://doi.org/10.1063/1.3545985
https://doi.org/10.1103/PhysRevB.97.115416
https://doi.org/10.1103/PhysRevB.97.115416
https://doi.org/10.1103/PhysRevB.97.115416
https://doi.org/10.1103/PhysRevB.97.115416
https://doi.org/10.1103/PhysRevB.97.115416
https://doi.org/10.1103/PhysRevB.97.115416
https://doi.org/10.1103/PhysRevB.73.045112
https://doi.org/10.1103/PhysRevB.73.045112
https://doi.org/10.1103/PhysRevB.73.045112
https://doi.org/10.1103/PhysRevB.73.045112
https://doi.org/10.1103/PhysRevB.73.045112
https://doi.org/10.1103/PhysRevB.73.045112
https://doi.org/10.1103/PhysRevB.73.045112
https://doi.org/10.1039/C8TA02494D
https://doi.org/10.1039/C8TA02494D
https://doi.org/10.1039/C8TA02494D
https://doi.org/10.1039/C8TA02494D
https://doi.org/10.1039/C8TA02494D
https://doi.org/10.1039/C8TA02494D
https://doi.org/10.1039/C8TA02494D
https://doi.org/10.1039/C8TA02494D
https://doi.org/10.1021/ja4109787
https://doi.org/10.1021/ja4109787
https://doi.org/10.1021/ja4109787
https://doi.org/10.1021/ja4109787
https://doi.org/10.1021/ja4109787
https://doi.org/10.1021/ja4109787
https://doi.org/10.1103/PhysRevB.104.085133
https://doi.org/10.1103/PhysRevB.104.085133
https://doi.org/10.1103/PhysRevB.104.085133
https://doi.org/10.1103/PhysRevB.104.085133
https://doi.org/10.1103/PhysRevB.104.085133
https://doi.org/10.1103/PhysRevB.104.085133
https://doi.org/10.1103/PhysRevB.104.085133
https://doi.org/10.1039/D2CP04707A
https://doi.org/10.1039/D2CP04707A
https://doi.org/10.1039/D2CP04707A
https://doi.org/10.1039/D2CP04707A
https://doi.org/10.1039/D2CP04707A
https://doi.org/10.1039/D2CP04707A
https://doi.org/10.1039/D2CP04707A
https://doi.org/10.1103/PhysRevLett.115.066403
https://doi.org/10.1103/PhysRevLett.115.066403
https://doi.org/10.1103/PhysRevLett.115.066403
https://doi.org/10.1103/PhysRevLett.115.066403
https://doi.org/10.1103/PhysRevLett.115.066403
https://doi.org/10.1103/PhysRevLett.115.066403
https://doi.org/10.1103/PhysRevLett.115.066403
https://doi.org/10.1103/PhysRevLett.115.066403
https://doi.org/10.3321/j.issn:0379-4148.2005.07.012
https://doi.org/10.3321/j.issn:0379-4148.2005.07.012
https://doi.org/10.3321/j.issn:0379-4148.2005.07.012
https://doi.org/10.3321/j.issn:0379-4148.2005.07.012
https://doi.org/10.3321/j.issn:0379-4148.2005.07.012
https://doi.org/10.3321/j.issn:0379-4148.2005.07.012
https://doi.org/10.3321/j.issn:0379-4148.2005.07.012
https://doi.org/10.3321/j.issn:0379-4148.2005.07.012
https://doi.org/10.3321/j.issn:0379-4148.2005.07.012
https://doi.org/10.3321/j.issn:0379-4148.2005.07.012
https://doi.org/10.3321/j.issn:0379-4148.2005.07.012
https://doi.org/10.3321/j.issn:0379-4148.2005.07.012
https://doi.org/10.3321/j.issn:0379-4148.2005.07.012
https://doi.org/10.3321/j.issn:0379-4148.2005.07.012
https://doi.org/10.3321/j.issn:0379-4148.2005.07.012
https://doi.org/10.3321/j.issn:0379-4148.2005.07.012
https://doi.org/10.1039/C6CP02105K
https://doi.org/10.1039/C6CP02105K
https://doi.org/10.1039/C6CP02105K
https://doi.org/10.1039/C6CP02105K
https://doi.org/10.1039/C6CP02105K
https://doi.org/10.1039/C6CP02105K
https://doi.org/10.1039/C6CP02105K
https://doi.org/10.1039/C6CP02105K
https://doi.org/10.1021/nl403010s
https://doi.org/10.1021/nl403010s
https://doi.org/10.1021/nl403010s
https://doi.org/10.1021/nl403010s
https://doi.org/10.1021/nl403010s
https://doi.org/10.1021/nl403010s
https://doi.org/10.1021/nl403010s
https://doi.org/10.1021/jacs.7b08474
https://doi.org/10.1021/jacs.7b08474
https://doi.org/10.1021/jacs.7b08474
https://doi.org/10.1021/jacs.7b08474
https://doi.org/10.1021/jacs.7b08474
https://doi.org/10.1021/jacs.7b08474
https://doi.org/10.1021/jacs.7b08474
https://doi.org/10.1021/jacs.7b08474
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 73, No. 13 (2024) 137101

Photovoltaic properties of two-dimensional van der Waals
heterostructure Cs; X,Iy/InSe (X = Bi, Sb)”
Xiong Xiang-Jie!)  Zhong Fang!  Zhang Zi-Wen!  Chen Fang!
Luo Jing-Lan?  Zhao Yu-Qing " Zhu Hui-Ping®! Jiang Shao-Long*f

1) (Hunan Provincial Key Laboratory of Intelligent Sensors and New Sensor Materials, School of Physics and
Electronics Science, Hunan University of Science and Technology, Xiangtan 411201, China)
2) (Adam Smith School, University of Glasgow, Glasgow G128 QQ, UK)
3) (Key Laboratory of Science and Technology on Silicon Devices, Institute of Microelectronics,
Chinese Academy of Sciences, Beijing 100029, China)
4) (Quantum Science Center of Guangdong-Hong Kong-Macao Greater Bay Area (Guangdong), Shenzhen 518045, China)
( Received 26 March 2024; revised manuscript received 29 April 2024 )

Abstract

Two-dimensional semiconductor heterostructures have excellent physical properties such as high light
absorption coefficients, large diffusion lengths, high carrier mobility rates, and tunable energy band structures,
which have great potential in the field of optoelectronic devices. Therefore, designing two-dimensional (2D)
semiconductor van der Waals heterostructures is an effective strategy for realizing multifunctional
microelectronic devices. In this work, the 2D van der Waals heterostructure Cs3X,1y/InSe of non-lead Perovskite
Cs3Xolg and indium-tin InSe is constructed to avoid the toxicity and stability problems of lead-based
Perovskites. The geometry, electronic structure, and optical properties are calculated based on the first-
principles approach of density-functional theory. It is shown that the 2D Cs3Bisly/InSe and Cs3Sbyly/InSe
heterostructures are of type-II energy band arrangement and have band gaps of 1.61 eV and 1.19 eV,
respectively, with high absorption coefficients in the visible range and UV range reaching to 5x10° cm . The
calculation results from the deformation potential theory and the hydrogen-like atom model show that the 2D
Cs3Xyly/InSe  heterostructure has a high exciton binding energy (~0.7 eV) and electron mobility rate
(~700 cm?/(V-s)). The higher light absorption coefficient, carrier mobility, and exciton energy make the 2D
Cs3X,l9/InSe heterostructures suitable for photoluminescent devices. However, the energy band structure based
on the Shockley-Queisser limit and type-II arrangement shows that the intrinsic photoelectric conversion
efficiency (PCE) of the 2D Cs3X,lo/InSe heterostructure is only about 1.4%, which is not suitable for
photovoltaic solar energy. In addition, the modulation and its effect of biaxial strain on the photovoltaic
properties of 2D Cs;X5lg/InSe heterostructures are further investigated. The results show that biaxial strain can
improve the visible absorption coefficient of 2D Cs;X,lq/InSe heterostructure, but cannot effectively improve its
energy band structure, and the PCE only increases to 3.3% at —5% biaxial strain. The above study provides a
theoretical basis for designing efficient 2D van der Waals optoelectronic devices in future.

Keywords: 2D heterostructures, photoelectric conversion efficiency, first-principles calculations, strain

engineering
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