%39 512 M) T WL MR 2 AR Vol. 39 No. 12
2024 £ 12 H Journal of Inorganic Materials Dec., 2024

FRILX DOI: 10.15541/jim20240191

RAERFRILHFER T EH & Sn-Pb
A58 KFHRE Rt

1,2 R 30 2 o 1 3 3
T oY, MW EEMS, It RO RELED HEE
(1. M KF LS HEPR, §iT 362200, 2. BAETEFR BRVGELNBELEGRELEZRT, 2N
350108; 3. A& AR FARKE B XK S itk P, 4894 350003)

W E: PIHY(Sn-Pb) TR G E R 7E H £ o 5 A8 DK 1 LA E 5 (SnF) VS BN RISk AW Sn® B8 IR, AR
SnF, i S ME BN & SR BCR(PCEV R B . Rk, T A AR 1 B0 S A 770 T S8 e 1
AE Sn-Pb R & 45 ARH it 28 ¢ BB . ACHIT 5T R FH W A5 VE I £ Sn-Po VR G BRI, LR 5 P b S NBUIGGT & 1
SERR AT (SnOcty) B AR SnF, KA Sn® 5804k o BIF 702 B 12 7 0 71) mT 442 s 94 58 10 465 o O, 0 7 VM1 35 Bk R ~T
IEF] 850 nm, J H & FECE A . IR SnOct, MEREEF BRI 7 d FIEH 93.5%01 Sn*', HHT SnOct, F
A0S PR A, SN SnOct, J5 #% 1 (IFE PEAS B RE FEAR, A 7.20x10"° em™ PEAIRH 4.74x10" em ™, ] 1 Ak
W E G BRILZAN, SnOct, B35 T 5 AR MR R I e 5. R, 5N 0.030 mmol SnOct, ] Sn-Pb & 45 4KH™
FLI ) PCE 1A 3 17.25%, ¥ 81 0.10 mmol SnF, 48 14(11.63%)H W& igm; HAEE S HRITF 50 d J&, PCE V1R 47
FHHILRMER 70%LL .

X # O BMNEAERET KFEAEHM, AN TR, WA, et

hESES: TQI74 XEEREMD: A XEHES: 1000-324X(2024)12-1339-09

Regulation of L ow-dose Stannous | so-octanoate for Two-step Prepared Sn-Pb
Alloyed Perovskite Solar Cells

WANG Yu'?, XIONG Hao?, HUANG Xiaokun®, JIANG Lingin®,
WU Bo', LI Jiansheng’, YANG Aijun’

(1. School of Advance Manufacturing, Fuzhou University, Jinjiang 362200, China; 2. Key Laboratory of Green Perovskites
Application of Fujian Province Universities, Fujian Jiangxia University, Fuzhou 350108, China; 3. PV Metrology Institute,
Fujian Metrology Institute, Fuzhou 350003, China)

Abstract: In the preparation of Sn-Pb alloyed perovskite, a large amount of stannous fluoride (SnF,) additive is often
employed to inhibit the oxidation of Sn** ions. However, excessive SnF, deteriorates quality of the film, photoelectric
conversion efficiency (PCE) and stability of the device. Therefore, the development of new antioxidants at low doses

is essential to achieve high-performance Sn-Pb alloyed perovskite solar cells. In this study, a two-step process was
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used to prepare Sn-Pb alloyed perovskite film. In the first step, low-dose stannous iso-octanoate (SnOct,) was

introduced to replace SnF, to inhibit the oxidation of Sn®". This study showed that the additive could improve the

crystallization quality of the film, and the average grain size of the film with SnOct, could reach 850 nm while the

amount of grain boundaries was reduced. The film with the addition of SnOct, still contained 93.5% Sn”" after storage

for 7 d in the glove box. And due to the excellent oxidation resistance of SnOct,, the device with the additional SnOct,

had a lower defect state density, which was reduced from 7.20x10" to 4.74x10" ¢cm, inhibiting the non-radiative

recombination. In addition, SnOct, improved the surface energy levels of perovskite films. Finally, PCE of Sn-Pb

alloyed perovskite cell supplemented with 0.030 mmol SnOct, reached 17.25%, superior to that of device

supplemented with 0.10 mmol SnF, (11.63%). After storage in nitrogen for 50 d, more than 70% of initial PCE was

still preserved.

K ey words: Sn-Pb alloyed perovskite; solar cell; additive engineering; two-step method; stability
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Fig. 1 XRD patterns of different Sn-Pb alloyed perovskite films
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Fig. 2 SEM images of different Sn-Pb alloyed perovskite films
(a-d) Surfaces; (e-h) Cross sections
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Fig. 3 XPS spectra of PVK-0.10SF and PVK-0.030SO films
(a) Sn3d; (b) 13d; Sn**/Sn** ratios of (c) PVK-0.10SF and (d) PVK-0.030SO perovskite films
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Fig. 4 Optical properties and energy levels of different Sn-Pb alloyed perovskite films
(a) UV-VIS-NIR spectra; (b) UPS spectra; (c) Tauc plots; (d) Energy levels of VBM, CBM, and Fermi derived from the UPS spectra
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(a, b) I-V curves of FTO/SnO,/FA,MA,_,Pb,;Sn,;1,Br;_,/PCBM/Ag; (c) EIS plots; (d) Leakage current diagram



