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Fig. 1. XPS spectra of SnO,: (a) Sn 3d for unmodified samples (red line) and buried interface modified samples (blue line); (b) O 1s

for unmodified samples (red line) and buried interface modified samples (blue line); (c) fitting spectra of Sn 3d for unmodified

samples; (d) fitting spectra of O 1s for unmodified samples; (e) fitting spectra of Sn 3d for buried interface modified samples; (f) fit-

ting spectra of O 1s for buried interface modified samples.
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Fig. 2. (a) Electron mobility of SnO, films; (b) transmission spectra of SnO, for unmodified samples (red line) and buried interface

modified samples (blue line).
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Fig. 3. SEM images of SnO, films for (a) unmodified samples, (b) buried interface modified samples; AFM images of SnO, films for

(c) unmodified samples, (d) buried interface modified samples; water contact angle images of SnO, films for (e) unmodified samples,

(f) buried interface modified samples.
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Fig. 4. SEM images of perovskite films: (a) Unmodified samples; (b) buried interface modified samples; (c) histogram of grain size

distribution in perovskite thin films.
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Glass/FTO/SnO,+MABr/PVK

5  ASERFERE Y AFM [, o (a) RBMAE A, (b) U FLIE MW AE G 55 BT MR A K B fid A 1, b (o) RAB AR B
(d) HHFE A TR A i
Fig. 5. AFM images of perovskite films for (a) unmodified samples, (b) buried interface modified samples; water contact angle im-

ages of perovskite thin films for (c) unmodified samples, (d) buried interface modified samples.

(001) .

Glass/FTO/Sn0,/PVK

Glass/FTO/SnO3+MABr/PVK

Intensity/arb. units
Intensity/arb. units

i L L L 1 1

11 12 13 14 15 16 10 20 30 40 50 60
20/(%) 20/(%)

6 RIBMIRER (ZLL) FIHUR S B RE M () /Y XRD KA (001) S AR K&
Fig. 6. XRD patterns of unmodified samples (red line), buried interface modified samples (blue line), and enlarged images of the

(001) crystal phase.

(a) — Glass/FTO/SnO,/PVK » Glass/FTO/SnOy/PVK (b)
— Glass/FTO/SnOs+MABr/PVK . o Glass/FTO/SnOy+
MABr/PVK

Intensity/arb. units
Normaized PL/arb. units
T

700 750 800 850 900 100 200 300 400 500 600 700 800 900 1000
Wavelength/nm Time/ns

B7 BSERT IR (2) PLIEHE A (b) TRPL 3%, H 202 A ARAB Mike i, 052k 0 8% S ke
Fig. 7. (a) PL spectra and (b) TRPL spectra of unmodified samples (red line) and buried interface modified samples (blue line).
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Table 1. TRPL spectral fitting parameters for unmodified perovskite film samples and buried interface modified perovskite

film samples.

Tl/ns TZ/HS AQ Tavemge/ns
Glass/FTO/Sn0,/PVK 20.83 430.0 229.93 1.31 27.63
Glass/FTO/SnO,+MABr/PVK 16.62 3165.42 243.48 1.24 17.91
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Fig. 8. SCLC curves of unmodified samples (red line) and

buried interface modified samples (blue line).
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Fig. 9. Perovskite solar cells: (a) J-V curves for forward and reverse scans; (b) box plot of PCE; (c) box plot of Vs (d) box plot of
Jsc; (e) box plot of FF; (f) curves of V¢ varying with light intensity; (g) EQE curves; (h) Mott-Schottky curves.
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Table 2. Parameters of Perovskite Solar Cells.

Devices Voc/V Jio/ (mA-cm?) FF/% PCE/%
Forward 1.09 25.67 63.88 17.70
glass/FTO/SnO,/PVK/Spiro-OMeTAD/Au
Reverse 1.11 25.96 75.08 21.57
Forward 1.12 25.84 77.78 22.56
glass/FTO/SnOy+MABr/PVK /Spiro-OMeTAD/Au
Reverse 1.12 25.80 79.90 23.12
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Abstract

Normal (n-i-p) perovskite solar cells (PSCs) have received increasing attention due to their advantages such

as high conversion efficiency and good stability. Tin dioxide is an ideal electron transport layer material for

normal perovskite solar cells. Among various available electron transport layers, tin dioxide stands out because

of its excellent stability, low density of defect states, and appropriate energy levels. The interface defects

between tin dioxide and perovskite are the key factors restricting the improvement of the conversion efficiency

in perovskite solar cells. Therefore, a method of

fabricating normal perovskite solar cells based on the 30
buried interface modification strategy is proposed in Z 25 |
this work. By doping methylammonium bromide into a
S 20t
tin dioxide to form a buried interface, the interface 2
defects between tin dioxide and perovskite are reduced, ‘§ 15+ ‘;:)CC 215.1502 e
the electron mobility of tin dioxide is enhanced, and é FF: 79.90%
] ] ] ) ) 2 10t PCE: 23.12%
the growth of high-quality perovskite materials is =
promoted. The conversion efficiency of the normal S 5f
perovskite solar cells reaches 23.12%, providing an o ) ) ) ) )
effective strategy for fabricating high-efficiency normal 0 02 04 06 08 10 12
Voltage/V
perovskite solar cells.
Keywords: normal, perovskite solar cells, buried interface, MABr
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