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Design and Defect Analysis of Sb,S; Homojunction Thin Film Solar Cells

Xiao Youpeng', Wang Huaiping
Engineering Research Center of Nuclear Technology Application, Ministry of Education, East China University
of Technology, Nanchang 330013, Jiangxi, China
Abstract Antimony sulfide (Sb,S,) thin films possess n-type and p-type conductivity. Design and defect analysis on
promising light-harvesting material Sh,S; homojunction solar cells with various electron transport layers and hole transport
layers are performed by using wxAMPS. The device structure consisting of glass/FTO/ZnS/(n)Sh,S,/(p)Sh,S,/Spiro-
OMeTAD/Au is proposed. In Sb,S; homojunction solar cells, a built-in electric field is formed that increase the bending of
the energy band and therefore leads to the increase of open-circuit voltage. Bulk defects in the (p)Sb,S, have stronger
impact on the device performance than that in the (n)Sb,S;, but defects at ZnS/(n)Sh,S, interface and (p)Sh,S,/Spiro-
OMeTAD interface have the same effects on device performance. When the bulk defect density in (n)Sb,S, and (p)Sh,S;is
10" cm *, and the interface defect density at ZnS/(n)Sh,S, interface and (p)Sbh,S,/Spiro-OMeTAD interface is 10" cm 7,
then the optimized conversion efficiency of the solar cells can reach 23. 96% . Simulation results show that device design

with Sb,S, based homojunction is an effective structure to achieve highly efficient solar cells.

Key words thin films; antimony sulfide; homojunction; thin film solar cells; wxAMPS; defects
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Fig. 1

Device structure in numerical simulation. (a) (n)Sh,S,heterojunction thin film solar cell; (b) (p)Sh,S,heterojunction thin film

solar cell; (¢) (n)Sb,S,/(p)Sh,S; homojunction thin film solar cell
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Table 1 Basic material parameters used in numerical simulation
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Table 3 Material parameters of HTLs

Parameter FTO (n)Sh,S, (p)Sh.S,
Thickness /pm 0.5 0.1 0.5
& 9.00 7.08 7.08
x/eV 4.00 3.72 3.72
E, /eV 3.5 1.7 1.7
N, /(10" cm™) 0 0 4.08
N, /(10" em*) 200.0 4.7 0
N, /(10® em ™) 2.2 20.0 20.0
N, /(10" em ™) 1.8 1.0 1.0
uy/(em® Vs 20.0 9.8 9.8
u, /(em* V tesh) 10 10 10
N, /em™* 10" Variable Variable
F2 HWFHEZRENMESH
Table 2 Material parameters of EHLs
Parameter Zn0O CdS SnO, Ti0O, ZnS
Thickness /pm 0.06 0.06 0.06 0.06 0.06
& 9 9 9 10 9
x/eV 4.40 4.20 4.00 3.90 3.44
E, /eV 3.3 2.4 3.6 3.2 3.6
N, /em™ 0 0 0 0 0
N, /(10" em ™) 100 100 10 100 4

N /(10%em™) 2.2 2.2 180 22.0 18.0

N, /(10"cm ™) 1.8 1.8 2.4 1.8 2.4
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Fig. 2 Sh,S, homojunction solar cells with different ETLs. (a) J-V curves; (b) quantum efficiency
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Table 4 Performance parameters of Sb,S; homojunction solar

cells with different ETLs
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Table 5 Performance parameters of Sb,S,;homojunction solar

cells with different HTLs

ETL V./V J./(mA-cm ?) Fe /% n/%

ZnO 1.15 15.16 74.98 13.13
Cds 1.16 15. 65 80.99 14.65
SnO, 1.16 16.02 81.91 15.20
TiO, 1.17 18.28 82.61 17.60
ZnS 1.18 20.33 82.79 19. 84
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Fig. 3 Sb,S;homojunction solar cells with different HTLs. (a) J-V curve; (b) quantum efficiency
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Fig. 4 Performance of three kinds of Sh,S, solar cells. (a) J-V curves; (b) quantum efficiency; (¢) energy band structure
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Table 6 Performance parameters of Sb,S, solar cells with

different structures

Jo/

Structure V../V L, Fe /% /%
(mA-+cm %)

(n)Sh,S, 1.10 10.79  78.56  8.60

(p)Sh,S, 1.04 20.42  71.54 15.22

(n)Sh,S./(p)Sh,S, 1.19 20. 66 83.04  20.34
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