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Research and Prospect of Tin—based Perovskite Solar Cells
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Abstract ; Organic—inorganic halide perovskite materials have emerged as an excellent material for the op-
toelectronic applications because of their unique optical and electrical properties. However, the heavy
metal character of lead is unfriendly to the environment, which restricts the commercial applications. Tin
(Sn) —based perovskite materials are the promising candidates due to their low toxicity, broad absorption
and higher mobility. Up to now, the highest power conversion efficiency ( PCE) of Sn perovskite solar
cells has exceeded 14% , which is much lower than lead—based perovskite devices. This review discusses
the effects of component engineering of tin—based perovskite, the perovskite device structures and the ad-
ditives on the performance and device stability of tin—based perovskite devices. Finally a summary and
outlook of the development of perovskite solar cells are given at the end of the paper that provides helpful
insights for the preparation of efficient and stable Sn—based perovskite solar cells.
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Fig. 1 Schematic diagrams of the (a) normal mesoporous
structure, (b) normal planar structure and (¢) inverted

structure
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Fig. 2 Scheme of the energy levels for Sn perovskite materials
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Tablel Common charge transport materials of Sn perovskite

devices
Materials ~ LUMO HOMO Voo(V) PCE(% ) Ref.
ETL TiO, 4.2 -7.3 024 2.1 [30]
Nb, O, 3.8 7.4 0.42 5.1 [54]
Ceo 4.5 -6.2  0.59 7.94 [52]
PCBM 3.9 -6.0 0.52 7.72 [53]
ICBA -3.7 -5.7 0.94 12.4 [9]

HTL Spiro-MeOTAD -2.3 -5.2 0.82 5.73 [3]

PTAA -1.8 -5.1 0.43 6.63 [6]
TPE -1.9 -5.0 0.53 7.23 [47]
CuSCN -1.5 -5.3 0.55 7.34 [55]
NiO, -1.8 -5.1 0.52 3.31 [49]

PEDOT:PSS -2.0 -5.2 0.84 14.8 [1]
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Table2 Performance of different Sn—based perovskite materials

BRI 45 LR Bk T i R L LA,
BIIEAGERE T I 2 AR A A A A S AR T H
BSOS A B TR R B RS B SRR SRR E

Perovskite materials

Device structure

PCE(%)  Ref.

3D perovskite FASnI, FTO/ ¢~Ti0,/mp-TiO,/perovskite/spiro—OMeTAD/ Au 2.10  [30]
FA, ,;MA, ,;Snl, ITO/PEDOT ; PSS/ perovskite/ C,,/BCP/ Ag 8.12  [76]
{en} FASNI, FTO/c¢-Ti0,/mp-Ti0,/perovskite/ PTAA/ Au 7.14  [77]
{en} MASnI, FTO/c~Ti0,/mp-Ti0,/perovskite/PTAA/ Au 6.63 (6]
{ PN} FASnI, FTO/c~Ti0,/mp-Ti0,/perovskite/PTAA/ Au 5.85  [78]
[ TN} FASnI, FTO/c~Ti0,/mp-Ti0,/perovskite/PTAA/ Au 5.53  [78]
BA, s FA, o EDA, o, Snl, ITO/PEDOT ; PSS/ perovskite/C,,/BCP/ Ag 8.90  [81]
GA, ,FA, EDA, o, Snl, ITO/PEDOT : PSS/ perovskite/C,,/BCP/ Ag 9.60 (7]
(FA,oEA, ) oos(EDA), o Snl;  ITO/PEDOT: PSS/ perovskite/Cy,/BCP/Ag 13.20  [84]
30,05 FA, 9 Sl TO/PEDOT ; PSS/ perovskite/Cq,/BCP/ Ag 6.08  [87]
Rb, o FA, o, Snl, ITO/PEDOT : PSS/ perovskite/ PCBM/BCP/ Ag 5.80  [89]
2D perovskite BA,MA,Sn,1,, ITO/PEDOT : PSS/ perovskite/ PCBM/LiF/ Al 4.03  [92]
(FPEABr), ,FA, 1, ITO/PEDOT ; PSS/ perovskite/ICBA/BCP/ Al 14.80  [1]
(PEA),FA,Sn, L ITO/NiO_/perovskite/ PCBM/ Al 5.94  [57]
PEA, FASn, I, ITO/NiO_/perovskite/PCBM/BCP/ Ag 9.41  [104]
PEA, s FA, 4Snl, ITO/PEDOT : PSS/ perovskite/ICBA/BCP/ Ag 12.40  [9]
AVA,FA,Sn,I,, ITO/PEDOT : PSS/ perovskite/ PCBM/BCP/ Ag 8.71  [105]
X cation  MASnIBr, FTO/c~Ti0,/mp-Ti0,/perovskite/spiro—OMeTAD/ Au 5.73 (3]
FASn(Br, 51, 55 )5 FTO/c~Ti0,/mp-Ti0,/perovskite/spiro—OMeTAD/ Au 5.50  [107]
MA, 5 FA, 45Snl, 5B, 5 ITO/PEDOT : PSS/ perovskite/ PCBM/BCP/ Al 9.31  [109]
MASnIBr, ,Cl, , FTO/c~Ti0,/ Al 0,/ perovskite/C 3,10 [111]
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Table3 Summary of the stability of Sn PSCs with different additives
Perovskite materials Additive PCE(% ) Stability Ref.
CsSnl, SnF, 2.02 N, shelf life, 250 h (100% ) [37]
MASnIBr, SnF, 3.70  N,, shelf life, 60 day (80% ) [119]
CsSnl, SnCl, 3.56  25% RH, unencapsulated, continuous 1 sun irradiation, 16 h (70% ) [121]
Csy ,FA, 4Snl, SnF, ,SnCl, 10.80 N,, encapsulated, MPPT, 1 000 h (95% ) [123]
CsSnl, Snl, 2.76 N, shelf stability, 10 days (90% ) [125]
CsSnl, SnBr, 4.30  40% RH, shelf stability, 100 h (98% ) [126]
FASnl, SnF, ,Sn powder 6.75 N, unencapsulated, shelf stability, 860 h (90% ) [128]
FASnl, SnF, ,N,H,Cl 5.40 N,, shelf stability, 1 000 h (65% ) [130]
FASnl, SnF, ,PHCI 11.40 N,, unencapsulated, shelf stability, 110 d (100% ) [133]
FASnl, SnF, ,FBH 9.47  20% RH, encapsulated, MPPT, 600 h (93% ) [134]
CsSnl, SnCl, , piperazine 2.22  40% RH, unencapsulated, continuous 1 sun irradiation, 30 min (40% ) [135]
CsSnlBr, SnF, ,HPA 3.20  20% RH, shelf stability, encapsulated, 77 d (100% ) [31]
FASnI, SnF, ,5-AVAI 7.00 50% RH, encapsulated, MPPT, 100 h (100% ) [140]
FASnL, SnF, , TFEACI 5.30  Continuous 1 sun irradiation, 350 h (60% ) [141]
FASnI, SnCl, , KHQSA 6.76  20% RH, unencapsulated, continuous 1 sun irradiation, 16 h (50% ) [142]
FASnl, SnCl, , AHP 7.34  20% RH, shelf stability, unencapsulated, 500 h (50% ) [55]
FASnlL, SnCl, ,GA 9.03  20% RH, shelf stability, unencapsulated, 1 000 h (80% ) [143]
FASnL, SnF, —pyrazine 4.80  Dark under ambient condition, encapsulated, over 100 days (98% ) (5]
FASnL, SnF, TMA 7.09  1-month storage in ambient, unencapsulated (80% ) [146]
FASnL, SnF, CDTA 10.32  Light soaking under AM 1.5 G (100 mW + ¢cm™), 1 000 h (over 90% ) [8]
FASnL, SnF, PVA 8.92 400 h of continuous light illumination (100% ) [64]
R4 XPREAUBZRAFPL EXBHREES
Table4 Chinese and English names and abbreviations of different chemical reagents in this paper
Chinese names of the chemical reagents English names of the chemical reagents Abbreviations
] tin Sn
B tin Fluoride SnF,
Mt i pyrazine
L ethylenediamine en
IR guanidinium CH,N,, ,GA"
2 -3-[5-[4-( IRFILEIL) K 1] -2 2—cyano—-3—-[ 5—[4—(diphenylamino ) phenyll ] =2 —thienyl ] - CDTA
W dE ] - PR IR propenoic acid
TRALEAIR 8 4—fluoro-phenethylammonium bromide FPEABr
H 4 methylammonium MA*
A Jpk formamidine FA*
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