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280C

Fig.S1 EQE spectra at different voltage bias of solar cells with Sb2S3 absorber layer 
deposited at 280 °C.
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300C

Fig.S2 EQE spectra at different voltage bias of solar cells with Sb2S3 absorber layer 
deposited at 300 °C.
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320C

Fig.S3 EQE spectra at different voltage bias of solar cells with Sb2S3 absorber layer 
deposited at 320 °C.
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350C

Fig.S4 EQE spectra at different voltage bias of solar cells with Sb2S3 absorber layer 
deposited at 350 °C.



640 660 680 700 720 740 760 780 800 820

 

 

In
te

ns
ity

(a
rb

.u
ni

ts
)

Wavelength(nm)

722 nm

Fig.S5 PL spectrum of Sb2S3 thin films, excited by laser of 470 nm at 77 K. 
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Fig.S6 The UPS spectra at (a) cutoff region, and (b) valence band region of Sb2S3 thin films. The 
valence-band spectra were measured with a photon energy of 40 eV and referenced to the Fermi 
level (EF = 0). A sample bias of −5 V was applied to observe the secondary electron cutoff. The 
work function (ϕ) is determined by the difference between the photon energy and the binding energy 
of the secondary cutoff edge. 



280 300 320 340 360
40

44

48

52

56

60
 

E
le

m
en

t c
on

te
nt

(%
)

Substrate temperature(C)

 S
 Sb

1.0

1.2

1.4

1.6

1.8

2.0

E
le

m
en

t r
at

io

Fig.S7 EDX analysis of the Sb2S3 films deposited on bare glass substrates. The solid square and 
solid circle are atomic percent of antimony and sulfur, respectively. The hollow circle 
is element ratios. All of the samples exhibited sulfur deficiency, and this behavior became more 
serious as the growth temperature increased from 280°C to 350°C. The S/Sb ratio was about 1.12 
for the sample deposited at 350°C and the S loss was about 25%.



Fig.S8 Photovoltaic performances as a function of Sb2S3 absorber thickness.



Table S1 Summary of Sb2S3-based solar cells with efficiencies higher than 5%. Note that ds was 
short for dense and mp was short for mesoscopic, respectively.

Device configuration Eff. (%) Voc (mV)
Jsc  

(mA/cm2)
FF (%) Ref.　

FTO/ds-TiO2/mp-

TiO2/Sb2S3/Spiro-MeoTAD/Au

5.2           

(10% sun)
545

1.51        

(10% sun)
64 [1]

FTO/ds-TiO2/mp-

TiO2/Sb2S3/PCPDTBT/Au
7.5 711 16.1 65 [2]

FTO/ds-TiO2/mp-TiO2/Sb2S3/ 

PCPDTBT(P3HT) /PEDOT:PSS 

/Au

6.4 596 16.1 67 [3]

FTO/ds-TiO2/mp-

TiO2/Sb2S3/PCPDTBT 

PCBM/PEDOT:PSS/Au

5.1 548 13.9 67.7 [4]

FTO/ds-

TiO2/BaTio3/MgO/Sb2S3/CuSC

N/Au

5.7 607 16.5 57.2 [5]

Mesoscopic 

Sb2S3-

sensitized 

solar cells

FTO//ds-TiO2/mp-

TiO2/Sb2S3/PCPDTBT/Au
6.2 616 15.3 65.7 [6]

FTO/TiO2/Sb2S3/P3HT/Au 5.77 670 14.92 58.04 [7]
Planar 

heterojunction
FTO/TiO2/ Sb2(S,Se)3/Spiro-

OMeDAT/Au
5.71 560 19.48 52.7 [8]
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