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Fig. S1. UV-Vis analysis of perovskite films.
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Fig. S2. The statistics of the average grain size of perovskite layers on SnO, and SnO,-MXene ETLs.
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Fig. S3. XRD analysis of SnO,/PVK and SnO,-MXene/PVK samples.
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Fig. S4. The IPCE spectra performance of PSCs with SnO, and SnO,-MXene ETLs.



Table S1. Equivalent circuit element values of the EIS for different PSCs.

Sample R1 Rz CPEI—T CPEl—P R4 L1 R3 CPEZ—T CPEz—P
Q (©Q @ @ W
SnO, 4.6 730 2e_8 0.96 3600 0.3 3182  0.00031 0.82
PSC
SnO,- 3.6 665 3e_8 0.94 2566 0.17 2900 0.0003 0.7
MXene
PSC
Table S2. Values obtained from J-V curves of best samples.
Sample Voe Jse FF VoI -FF R, Ry
(V)  (mA/em?) (%) PCE = P—(%) Q) (kQ)
in
SnO, 0.99 19.13 56 11.20 119.8 5.2
PSC
SnO,- 1.02 24.75 59 14.16 80.8 10.4
MXene

PSC
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Fig. S5. Device performance statistics of (a) V., (b) J, (c) FF, and (d) PCE of SnO,-MXene PSC of 10

devices.



Materials

Ti (Wt%) C (wWt%) Al(wt%) Cl(wt%) F(Wt%) O (wt%)

MAX
MXene

72.13 16.21 11.66 0 0 0
65.15 9.97 0 3.11 13.37 8.40

Fig. S6. EDS analysis of MAX and MXene.
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Fig. S7. Specific capacitance of the samples at a scan rate of 100 mV s,
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Fig. S8. Specific capacitance of 20 MX calculated at various scan rates (10—100 mV/s).
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Fig. S9. (a) log-log plot of current density versus scan rate. (b) Linear fit of current density per square

root of scan rate vs. square root of scan rate.
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Fig. S10. Contribution ratio of 20 MX at different scan rates.
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Fig. S11. The specific capacitance of SC electrodes at a current density of 2 A g-!.



Sample R, (Q) R, (Q) W, -R W,-T W,-P CPE-T  CPE-P
MXene  8.02 17.04 4.73 0.0031 0.416 0.0002  1.154

SnO, 6.79 15.2 4.68 0.0042 0.429 0.0003  1.146
10MX  3.09 9.88 4.63 0.0046 0.428 0.0004  1.091
20 MX 1.52 9.61 4.61 0.0051 0.429 0.0004  1.066
30MX 453 11 4.08 0.0033 0.409 0.0002  1.149

Table S3. Equivalent circuit element values of the EIS for different SC electrodes.
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Fig. S12. XRD pattern of MXene, SnO,, and 20 MX samples.
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Fig. S13. Impedance (Z') versus o /2 plots for different SC electrodes, used to evaluate Warburg

impedance and ion diffusion behavior.
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Fig. S14. High-resolution XPS spectra for SnO, sample (a) Sn 3d and (b) O 1s.

Table S4. Summary of monolithic integration of PSC-SC

Perovskite unit ETL  PCE Ve SC top CyporC, Energy density  year Ref
(%) (V) electrode of PS
of SC
ITO/SnOy/FAgssMAy;  SnO, 1554 0.97 Activated 56.75F g! 4.8 Wh kg'! 2025 !
5Pb12'55Br0.45/CUSCN/ Carbon
at2 A g'!
Carbon
FTO/Ti0,/CsPbBr; TiO, 5.13 1.2 Activated - 1.1 yWhem? 2024 2
Carbon
/Carbon
ITO/PTAA/PFN/ C60/ 12.5 1.08 N-doped 150 mFcm? 42 uWhem? 2021 3
at 0.25
FA.75Cs0.25Pb (Iog SnO, carbon mA cm2
Br0,2)3/C6O/Sn02/Au
Ti Foil/TiO, Nanotube ~ TiO, 13.98 1.05 Carbon 2.8 mFcm? 04 puWhcem? 2022 4
/CSO'OsMAO'lﬁFA()ngb(I at 100
083B10.17)s/PTAA/ Ag HA cm?
FTO/c-TiO,/ TiO, 1447 09 NiCo,0, 404Fg'at - 2020 3
1Ag!
mp-TiO,/CsFAMA,.
«Pbl;/carbon
ITO/SnO,/TiO,/FAgge, SnO,/T 22.44 1.17 Activated 61.9F glat 20.9 uyWhcm? 2022 6
MA 08Pb(I0.92Bro.08)3/ 10, Carbon 05Ag!
Spiro-OMeTAD/Au
ITO/SnO,-MXene/ SnO,- 16.11 1.02 SnO,- 214Fg'at 6.8 uyWhcem? 2025  This
CSO_05(MAO‘17FAO_83)0‘95 MXene MXene 2A g'l work

Pb(Br0_17IO.83)3/CIS/Car
bon




Fig. S15. Digital photograph of PS devices: (a) series-connected devices and (b) powering LED light.
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