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Source Vapor-Deposited Perovskite Solar Cells

Fig. S1: (a) TGA curve, (b) 1st derivative of TGA curve and (c) DSC curve of FAPbI3 powder.

Fig. S2: The AFM images of (d) 4PADCB film and (e) 4PADCB/Seed film.

Fig S3: Two-dimensional GIWAXS (2D-GIWAXS) patterns of (a) ITO, (b) ITO/4PADCB (c) 
ITO/4PADCB/Seed. 
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Fig. S4: The XPS patterns of (a) Cs3d and (b) Cl2p of 4PADCB and 4PADCB+Seed.

Fig. S5 : The XRD patterns of PVSK and Seed/PVSK films.



Fig. S6: EDS data of the ITO/4PADCB/Seed/perovskite structure, including Cs, Cl.

Fig. S7: UPS spectra of PVSK sample in the (a) onset and (b) cutoff energy region. UPS spectra of 
Seed/PVSK samples in the (c) onset and (d) cutoff energy region.

Fig. S8: The Absorbance (a) and UPS spectra (b) of perovskite films on PVSK and Seed/PVSK.



Fig. S9: Statistical photovoltaic parameters of (a) Voc, (b) Jsc, (c) FF, (d) PCE of PSCs using PVSK and 
Seed/PVSK.

Table S1. Fitted TRPL parameters of PVSK with and without CsCl seed layer.

τave(ns
) A1 τ1(ns) A2 τ2(ns)

PVSK 54.80 0.77 3.91 0.14 70.07

Seed/PVSK 177.33 0.46 25.7 0.48 196.2

Table S2. PV parameters extracted from the most efficient PSCs under different structures.

Structure Voc(V) Jsc(mA/cm2) FF(%) PCE(%)

ITO/2PACz/FAPbI3/C60/SnOX/Ag 1.001 20.546 62.003 12.747

ITO/Meo-2PACz/FAPbI3/C60/SnOX/Ag 0.991 23.550 72.203 16.851

ITO/4PADCB/FAPbI3/C60/SnOX/Ag 1.018 23.709 72.268 17.458

ITO/4PADCB:Meo-2PACz=1:1/FAPbI3/C60/SnOX/Ag 0.947 24.318 68.858 15.862

ITO/NiOx/Me-4PACz/FAPbI3/C60/SnOX/Ag 1.083 20.158 63.572 13.879

ITO/4PADCB/5nmCsCl/FAPbI3/C60/SnOX/Ag 1.008 24.877 73.950 18.536

ITO/4PADCB/15nmCsCl/FAPbI3/C60/SnOX/Ag 1.042 25.097 77.435 20.258



ITO/4PADCB/25nmCsCl/FAPbI3/C60/SnOX/Ag 1.012 25.450 73.821 19.009

ITO/4PADCB/35nmCsCl/FAPbI3/C60/SnOX/Ag 0.985 24.841 72.529 17.741

Table S3. The report presents the device efficiency and publication dates corresponding to the 
single-source vapor deposition methods for solar cell devices with different compositions.

Ref. Method Device stack (Composition)
PCE
(%)

Ye
ar

1 ITO/PEDOT:PSS/ MAPbI3/PCBM/Ag
10.
9

20
16

2 ITO/PEDOT:PSS/MAPbI3/PC61BM/Ag 7.7
20
18

3 ITO/PEDOT:PSS/ MAPbI3/PCBM/Ag 9.9
20
19

4 FTO/TiO2/Cs2AgBiBr6/Spiro-OMeTAD/Ag 0.7
20
19

5 FTO/PCBM/CsSn0.5Ge0.5I3/Spiro-OMeTAD/Au 7.1
20
19

6 FTO/c-TiO2/CsPbBr3/Spiro-OMeTAD/Au 8.7
20
20

7 FTO/TiO2/CsSn1-yPbyBr3/carbon 9
20
21

8 FTO/TiO2/CsPbBr3/Spiro-OMeTAD/Ag
1.3
7

20
21

9 FTO/TiO2/Cs2AgBiBr6/SpiroOMeTAD/Ag
1.3
8

20
22

10 ITO/PEDOT:PSS/MASnI3/C60/Au 1.7
20
22

11 FTO/TiO2/CsPbBr3/Carbon 7.5
20
23

12 ITO/MeO-2PACz/CsxPbIyBrz/C60/BCP/Ag
15.
0

20
23

13 FTO/TiO2/CsPbBr3 QDs/CsPbBr3/Spiro-OMeTAD/Au 7.0
20
23

14 ITO/TiO2:SnO2NRs/(BA)2(MA)3Pb4I13/Spiro-OMeTAD/Au 
13.
6

20
24

This 
work

Thermal

evaporation

ITO/4PADCB/PVSK/C60/SnO2/Ag
17.
8,

20
25



ITO/4PADCB/CsCl/PVSK/C60/SnO2/Ag 20.
26

15 ITO/PEDOT:PSS/PolyTPD/MAPbI3/PCBM/Ba/Ag
12.
2

20
15

16 FTO/PCBM/MAPЫ3/Spiro-OMeTAD/Au
10.
0

20
16

17 FTO/TiO2/PCBM/MAPbI3/Spiro-OMeTAD/Au
16.
8

20
18

18 FTO/PCBM/MAPЫ3/Spiro-OMeTAD/Au
12.
2

20
19

19 FTO/PCBM/FAPbI3/Spiro-OMeTAD/Au
12.
5

20
19

20

Flash 
evaporation

ITO/SnO2/CsPb(I0.67Br0.33)3/Spiro-MeOTAD/Au
15.
0

20
24

21 ITO/ZnO/MAPb(IyCl1-y)3/Spiro-OMeTAD/Au 7.7
20
15

22 FTO/TiO2/MAPbI3/Spiro-OMeTAD/Au
10.
9

20
17

23 FTO/c-TiO2/m-TiO2/CsPbBr3/Spiro-OMeTAD/Ag 6.3
20
19

24 ITO/SnO2/C60/MAPbI3/TaTm/MoO3/Au 6.7
20
21

25
ITO/SnO2(ALD)/C60/MAxFA1-xPbI3/TaTm/MoO3/Au 
ITO/SnO2/PCBM/MAxFA1-xPbI3/Spiro-OMeTAD/Au

9.9
20
23

26

PLD

ITO/2PACz/MA1-xFAxPbI3/C60/BCP/Ag
19.
7

20
24

27
Electron beam 
evaporation

FTO/c-TiO2/CsPbBr3/carbon 7.8
20
22

28 sputtering
MAPbI3,

MAxPbI3Cly

4.7

15.
2

20
21

References for Table S3

1. P. Fan, D. Gu, G.-X. Liang, J.-T. Luo, J.-L. Chen, Z.-H. Zheng and D.-P. Zhang, Sci. Rep., 2016, 6, 
29910.

2. G. Liang, H. Lan, P. Fan, C. Lan, Z. Zheng, H. Peng and J. Luo, Coatings, 2018, 8, 256.

3. H. Peng, Z. Su, Z. Zheng, H. Lan, J. Luo, P. Fan and G. Liang, Materials, 2019, 12, 1237.



4. P. Fan, H.-X. Peng, Z.-H. Zheng, Z.-H. Chen, S.-J. Tan, X.-Y. Chen, Y.-D. Luo, Z.-H. Su, J.-T. Luo 
and G.-X. Liang, Nanomaterials, 2019, 9, 1760.

5. M. Chen, M.-G. Ju, H. F. Garces, A. D. Carl, L. K. Ono, Z. Hawash, Y. Zhang, T. Shen, Y. Qi, R. L. 
Grimm, D. Pacifici, X. C. Zeng, Y. Zhou and N. P. Padture, Nat. Commun., 2019, 10, 16.

6. J. Li, R. Gao, F. Gao, J. Lei, H. Wang, X. Wu, J. Li, H. Liu, X. Hua and S. Liu, J. Alloys Compd., 
2020, 818, 152903.

7. M. H. Abib, J. Li, H. Yang, M. Wang, T. Chen, EnzeXu and Y. Jiang, RSC Adv., 2021, 11, 3380–
3389.

8. H. Lan, H. Xiao, J. Zhao, X. Chen, P. Fan and G. Liang, Mater. Sci. Semicond. Process., 2021, 
132, 105869.

9. H. Peng, P. Fan, Z. Zheng, S. Chen and G. Liang, ACS Appl. Energy Mater., 2022, 5, 15058–
15068.

10. W. G. Choi, S. Lee, B. C. Jeon and T. Moon, Int. J. Energy Res., 2022, 46, 9875–9881.

11. B. He, D. Jiao, L. Liu, J. Hu, S. Nie, Y. Chen, X. Wang and Y. Chen, Eur. Phys. J. Plus, 2023, 138, 
440.

12. Q. Guesnay, C. J. McMonagle, D. Chernyshov, W. Zia, A. Wieczorek, S. Siol, M. Saliba, C. Ballif 
and C. M. Wolff, ACS Photonics, 2023, 10, 3087–3094.

13. Y. Kou, J. Bian, X. Pan and J. Guo, Coatings, 2023, 13, 863.

14. H. Latif, J. Liu, D. Mo, A. Sattar, J. Zeng, A. Intiaz, P. F. Zhai and J. S. Hassan, Mater. Chem. 
Phys., 2024, 314, 128883.

15. G. Longo, L. Gil-Escrig, M. J. Degen, M. Sessolo and H. J. Bolink, Chem. Commun., 2015, 51, 
7376–7378.

16. H. Xu, Y. Wu, F. Xu, J. Zhu, C. Ni, W. Wang, F. Hong, R. Xu, F. Xu and J. Huang, RSC Adv., 2016, 
6, 48851–48857.

17. M. Tai, X. Zhao, H. Wei, G. Wang, F. Hao, X. Li, X. Yin, Y. Zhou, J. Han, Y. Wei and H. Lin, ACS 
Appl. Mater. Interfaces, 2018, 10, 26206–26212.

18. M. Tai, G. Wang, X. Yin, Y. Zhou, J. Han, Y. Wei, K. Jiang and H. Lin, Energy Technol., 2019, 7, 
1800986.

19. F. Xu, Y. Tian, W. Wang, Y. Zhu, L. Zeng, B. Yao, Z. Fang, H. Xu, R. Xu, F. Xu and J. Huang, J. 
Mater. Sci.: Mater. Electron., 2019, 30, 8381–8389.

20. T. Abzieher, C. P. Muzzillo, M. Mirzokarimov, G. Lahti, W. F. Kau, D. M. Kroupa, S. G. Cira, H. 
W. Hillhouse, A. R. Kirmani, J. Schall, C. Ballif and M. Saliba, J. Mater. Chem. A, 2024, 12, 
8405–8419.

21. U. Bansode, R. Naphade, O. Game, S. Agarkar and S. Ogale, J. Phys. Chem. C, 2015, 119, 
9177–9185.

22. U. Bansode and S. Ogale, J. Appl. Phys., 2017, 121, 133101.



23. H. Wang, Y. Wu, M. Ma, S. Dong, Q. Li, J. Du, H. Zhang and Q. Xu, ACS Appl. Energy Mater., 
2019, 2, 2305–2312.

24. T. Soto-Montero, S. Kralj, W. Soltanpoor, J. S. Solomon, J. S. Gómez, K. P. S. Zanoni, A. 
Paliwal, H. J. Bolink, C. Baeumer, A. P. M. Kentgens and M. Saliba, 2021 IEEE 48th 
Photovoltaic Specialists Conference (PVSC), 2021, 1318–1323.

25. T. Soto-Montero, S. Kralj, W. Soltanpoor, J. S. Solomon, J. S. Gómez, K. P. S. Zanoni, A. 
Paliwal, H. J. Bolink, C. Baeumer, A. P. M. Kentgens and M. Saliba, Adv. Funct. Mater., 2023, 
34, 2300588.

26. T. Soto-Montero, S. Kralj, R. Azmi, M. A. Reus, J. S. Solomon, D. M. Cunha, W. Soltanpoor, D. 
S. Utomo, E. Ugur, B. Vishal, H. J. Bolink, C. Baeumer and M. Saliba, Joule, 2024, 8, 3412–
3425.

27. L. Liu, S.-E. Yang, P. Liu and Y. Chen, Sol. Energy, 2022, 232, 320–327.

28. B. Gao, J. Hu, S. Tang, X. Xiao, H. Chen, Z. Zuo, Q. Qi, Z. Peng, J. Wen and D. Zou, Adv. Sci., 
2021, 8, 2102081.


