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(1.2eV) B 4230 B A7 B, % LAEE M T SboSes
LK 237 T F O FL i 3 3 [ [MI4E ) Marin
TR HBRDT T SboSes M4 RHE G K S5 44 K FH fig HL it
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3.21% K % 1F R R PO B S, % R 4L A
JE A AL H Tt B8 1 45 M), T7E SboSes I T HE
— 5l i A A K I TR SbaSs /=, I #£ 300 °C
Ar S5 R K Smin JE B Sba(SSe1—x)s & & )=,
4% ) B8 R IL ) 6.6%, Voe = 474.8 mV,
Jee = 24.9 mA /em?, FF=55.6% 2 (118 4 (c), (d)
Frn). [FHH, FAPE ) R. Tena-Zaera ¥ 2H iz &
T H TR 4% SboSes HI M E IR DL B T
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A3 T 2.1% gk 122,

M B L= SboSes I BH & HLith FIAF 5 SCRR AT LA
H, H AT O A A AR 1 SboSeg HL L #R 2
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PRI 25 JE BE IR A 5L TiOs, FEE RKPBHAE Hi v, 3
512, K BH BE FEL T 34 25 R T T B AR e T A R Hp /b
TR BAE: RO 7P B ETE 1020 nm,
U5 L A T ALRL, WFR SR AR S R 4 4, BRI
PHCK B, BRI T 4 B R AR i SR D
TP BUK BELE 100 nm PA_E, A0EeH RIS R 3R],
SR P T3 SR P~ THI S 0 45 485 4 5t mT SE B 78 40 IR N S
FER ORI BIR TR, SEBLE IR R, T
SbeSes 1 &, 0T (HF) ML %R 15 cm?/ Vs,
e b 7N 1 ns (S H BB CZTSSe N
1.2 ns[*3], CHsNH3Pbl3 4 9.6 ns P4, ] DLt
TR B B 197 nm. BRIk, SboSes £k
A5 38 B T H 2T T S R 44 4 A T RO B
. F AR A K PH AE F v L A R, 5T
i 14 s 86 K ] i P L A 7 T 45 88 1) SC iR LT
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Y45 08 1 ) 26 ShpSes L. LI VA T 15 AL 1R
KT 2, A28 NC, 0, N SR&F5 L 5
TR AT 45 2 S, Se 414, T H

FOEE 00 53 2 8 B T o) 46 HH Ol F 3 i ik R
13.6% 1) CIGS K FHBE AN 12.7% 1) CZTSSe X
FHAE FELIB (24 FT CZTSSe HE it 200K (1 1 L %) [,
2014 4E2 H, F 9 U@ o i . WS IR M T
JHE R 15 21 HT SR AR T, SR S B IR e 4 ] £ 15 2
gl AL K 5B B0 SboSes M. 28 4 ] WL E
Tk 1% W 4K 3R B AT i) 45 16 SboSeg T IR D Bz BR
i, 259 N 1.06 eV, 7E 953 nm Ab 1R I R B
6 x 10* em~t. JF IR 22 MR 2 B SboSes 1
W S AL E BN —4.92 eV Al —3.90 eV, 3
H B TiOy 5 2 T i type 1111 BE 7 45 F #4257 Joit
Gh.HH TV R B IR ) £ T1O0 T B T B e T #
Ab R PR TR BR A A5 A BOE SR T 4 L CdTe Tl
T 45K, % T SbySes/TiOq S J 45 T 4 45 1)
1) 3 M5 K BH e LB, B4R T 2.26% (Ve = 0.52 'V,
Joe = 10.3 mA /em?, FF = 42.3%) (6 LR
(BSAEMIAN 0.45 cm?), [FIR B AF RS e Mk AT, A3
A FAEZ A H 60 °C A 24 h R T A B3 I
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JE W]k 3.54 kPa, MITAEH &G T #ZE K. 2014 4F
57, B s PR AGE R4 T ShaSes T, 5
KU CdS B E A M T CdS/SbaSes
T Ao} 225 46 K B B LI, B3R RRIA B T 1.9%, JF H.
S EA RSttt (B 6). @k P nT A
e ] 1) 0B 85 1 1 A 1) o3 3 EAR BN Ve I3
K, FERHT OB EER T (A) BRI LR
IFi) VLT LA B FE (o) BRI IE K. A5 Jo (B
/N HCE — B B) S5, p-n 45 5T o 2 2
BN, AT AEJE K /& CdS 5 SboSes JZ HIAH .
PHL, BE 2 SN )R BB, AT IR A
% 1) 45 1) TiO2 /SbaSes A BH fig Mt 0.52 V [ FF
% R AR B, #ZE R 1K CdS /SbaSes HLI T
FEA AU (0.30 V), HER AR AT GEZ CdS 1)
AL B, 3E— 20 38 AR B 53 B 4 7 PR A 254 1
RE I 32 2L R 3R A2 SboSes 5 ) 44 ok b A1 E B AR 1Y
p-n £ RE T A, AT Ak — 2P A 2 A R A
TSR

0.5 — e — 3.0
2 - J, 80 g V. 05
I ° WM PCE
0.4 60 < c
< g
1 40 12.0
0.3 = X
> 20 = =
) 0 o = 11.5 5
N 0 50 100 g
0.2 IRfTE) /d
11.0
o1r 105
b
0 (b) 0
—100 —50 50 100
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T8 B R FA 78 R ) £ SboSe w5 (1) 1 742
H T Se 128U KT Sb, Z& K F2 i T Se 1)
/b 5y T Bn BB IR I IR B B 25 4K Se AL (Vse)
A, T e EBR TRE e NT

A AER R SR BFa Vs IR IR B, ¥4 58 % % 1260 76 i A 44
75 K SboSes TR AT 45 ¥4 K BH fig HL b (1) F 72 2 Atk |-
it 3o 0} R ZE K [ SboSes T R HE AT A AL IR K Ak
B BRAR T L R R BRI Ve WK, K THAT 4544
) CdS/SbaSes A BHFE HL IR = 21 3.7% (K 7,
Voe = 0.335 V, Js. = 24.4mA /cm?, FF = 46.8%)).
T I FH S R RAE R LA X S5 1) R T S 4
i M S AR v AR AR AR, T IR ANEE
PRI AL AR o FEL T RO ML SRR AL S ) a8 A AT
TRIEAME TR (EQE) MR, 45 52 WL
HAEK W TT M) BRI A& TR A B o, I B
T A I O A M, AT S BT R B P 1 3
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device of Sb,Ses”

Xue Ding-Jiang  Shi Hang-Jie Tang Jiang'

(Wuhan National Laboratory for Optoelectronics, Huazhong University of Science and Technology, Wuhan 430074, China)
( Received 20 October 2014; revised manuscript received 15 January 2015 )

Abstract
Recently, antimony selenide (Sb2Ses) has been proposed as an alternative earth-abundant absorber material for thin
film solar cells. SbaSes is a simple V2-VI3 binary compound with an orthorhombic crystal structure and a space group of
Pnma 62. It is a staggered, layered compound consisting of parallel 1D (Sbs4Seg)r ribbons held together by weak van der

Waals forces. SbaSes has a direct band gap of approximately 1.15 eV with a large absorption coefficient (> 10° cm™*

, at
short wavelength) and a low grain growth temperature (~ 300°C), facilitating the fabrication of low-cost thin film solar
cells. Moreover, it is a simple binary compound in single phase with a fixed composition, which provides a much simpler
growth chemistry than the multicomponent CuzZnSn(S,Se)s. In addition, it is stable upon exposure to the ambient air,
thus having a better prospect for long-term stability than the organic-inorganic halide perovskite solar cells. Theoretical
analysis indicates that the efficiency limit is > 30% for single junction SbaSes solar cells. Various approaches, including
vacuum evaporation, electrodeposition, spray pyrolysis, and chemical bath deposition (CBD), have been explored to
produce SbaSes thin films; however, it is only in these years that SbaSes solar cells have been reported by our group as
well as by others. Seok’s group presented the deposition of SbaSes on mesoporous TiOs films by thermal decomposition
of SbaSes single-source precursors, and fabricated SbaSes-sensitized inorganic-organic heterojunction solar cells with a
remarkable efficiency of 3.21%. Tena-Zaera’s group fabricated the FTO/TiO2/SbaSes/CuSCN/Au heterojunction device
and achieved 2.1% device efficiency; their SboSes was obtained by an electrodeposition route and CuSCN served as a
hole conducting layer. Different from the above SbaSes-sensitized solar cells reported by other groups, our group is the
first in the world working on Sb2Ses thin film solar cells so far as wu know. We have fabricated a hydrazine solution-
processed TiO2/SbsSes heterojunction solar cell, achieving 2.26% device efficiency (Voe = 0.52 V, Jsc = 10.3 mA /cm? and
FF = 42.3%). In addition to the solution processing method, thermal-evaporated substrate and superstrate CdS/SbaSes
thin film solar cells with 2.1% and 1.9% efficiencies respectively were also demonstrated by our group. Recently, we have
further improved the superstrate device performance to 3.7% (Voc = 0.335 V, Joe = 24.4 mA/cm?, and FF = 46.8%) by
using a post selenization step. Selenization can compensate the Se loss during thermal evaporation, attenuate selenium
vacancy-related recombination loss and hence improve the device performance. In summary, this paper summarizes
the recent research progress in SbeSes-related researches, including material properties of SbaSes, synthesis of SbaSes
nanomaterials and thin films, theoretical studies on electrical properties, device configuration and efficiency improvement
of SbaSes sensitized and thin film solar cells. This review also presents a perspective on future development of SbaSes

solar cells.

Keywords: antimony selenide, thin-film solar cells
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