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[bookmark: _Hlk22619562]Supplementary Fig. 1. FTIR spectra of the thiol-acrylate reaction by UV exposure. a Full FTIR spectra of the RM257-1,3DT/RM257 system. b, c Conversion of the reactants estimated from the change of the FTIR absorption peaks at ~821 cm-1 and 1641 cm-1 for C=C stretching. The change of FTIR spectra regarding C=C stretching before and after UV exposure indicates the formation of LCE via polymerization of acrylate monomers.
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Supplementary Fig. 2. POM images of LCE sandwiched in a cell observed under crossed polarizers. Scale bar: 200 μm. The appearance of the birefringence texture indicates the nematic liquid crystal phase.
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Supplementary Fig. 3. AFM height images of a LC oligomer and b LC prepolymer on ITO glass. 
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[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Supplementary Fig. 4. XRD patterns of the perovskite films fabricated on SnO2, SnO2/LC oligomer, SnO2/LC prepolymer, and SnO2/LCE. The diffractograms of all the samples show the same trigonal perovskite crystal structure. The full-width-at-half-maximum (FWHM) of the (001) perovskite lattice reducing from 0.167 for the perovskite sample on SnO2 to 0.148 for the perovskite on SnO2/LCE proves the enhanced crystallinity of the perovskite film. The reduced diffraction peak intensity of PbI2 indicates that the suppressed formation of PbI2 in the perovskite surface. In addition, the XRD peak intensity ratio of (001) versus (012) is boosted for the perovskite film fabricated on SnO2/LCE, which demonstrates the preferential orientation of perovskite crystal growth on the LCE interlayer.
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Supplementary Fig. 5. 2D GIWAXS patterns of the perovskite films fabricated on a SnO2 and b SnO2/LCE. Compared to the perovskite film fabricated on SnO2, the perovskite film fabricated on SnO2/LCE exhibits a significant out-of-plane signal along the z axis, which is consistent with the preferential orientation of perovskite crystal growth in XRD measurements.
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[bookmark: OLE_LINK1]Supplementary Fig. 6. SEM images of perovskite films fabricated on a SnO2 and b SnO2/LCE interlayers. The white, red, and yellow dashed circles represent pin holes, interface voids, and PbI2 crystals, respectively.
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[bookmark: OLE_LINK2]Supplementary Fig. 7. UPS spectra of the SnO2 and SnO2/LCE films: the cutoff region (left) and Fermi edge region (right).
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Supplementary Fig. 8. AFM height images of the a SnO2 and b SnO2/LCE films, respectively.
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Supplementary Fig. 9. I-V curves of devices based on SnO2, SnO2/APTES, SnO2/LC oligomer, and SnO2/LCE, respectively.
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Supplementary Fig. 10. XPS spectra of the Pb signals in the perovskite films fabricated on SnO2 and SnO2/LCE, respectively.
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Supplementary Fig. 11. FTIR spectra of LC, PbI2 powder, and PbI2-LC powder, respectively. The stretching vibration of –SH in LC observed at 2569.1 cm-1 shifts to a lower wavenumber of 2567.2 cm-1 in PbI2-LC powder, which indicates a strong interaction of –SH with PbI2 by sharing the lone pair electron on the S atom in –SH with the empty 6p orbital of Pb2+.
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Supplementary Fig. 12. J-V curves of PSCs based on different LCE concentrations. The optimized LCE concentration for fabricating PSCs is 0.1 mg mL-1. This concentration is utilized for all the devices performance characterizations.
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[bookmark: OLE_LINK4]Supplementary Fig. 13. EQE spectra and integrated Jsc of PSCs based on reference and LCE, respectively.
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Supplementary Fig. 14. The optical bandgap of the CsFAMA perovskite film.
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Supplementary Fig. 15. UPS spectra of the CsFAMA perovskite film.
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Supplementary Fig. 16. Steady-state photocurrent and output power at the maximum power point for LCE-based PSCs.
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Supplementary Fig. 17. a Voc and b Jsc dependence of PSCs based on reference and LCE, respectively. The slope of Voc versus illumination intensity produced kT/q, where k is the Boltzmann constant, T is the temperature in Kelvin and q is the elementary charge. The slope of LCE based device (1.50 kT/q, pink) is smaller than that of the reference device (1.92 kT/q, blue), which indicates that the trap-assisted recombination is effectively suppressed under the open-circuit condition. The power law dependence of Jsc on the illumination intensity can be denoted as Jsc ∝ I, where I and  are the light intensity and exponential factor, respectively. The α value for the LCE based device (0.994) being higher than that of the reference device (0.975) demonstrated a more effective suppression in bimolecular recombination under the short-circuit condition.

[image: ]
Supplementary Fig. 18. TPV results of PSCs based on reference and LCE, respectively. The photovoltage signals are triggered by a pulse light that pumps up the carrier density and thus quasi-Fermi level splitting and charge recombination are directly measured via monitoring the photovoltage decay1,2. The experimental results are fitted by a bi-exponential decay function. The photovoltage decay time of the LCE based device (0.17 ms) is much longer than that of the reference device (0.05 ms). The prolonged photovoltage decay time suggests less charge recombination in the LCE based device, both at the SnO2/LCE/perovskite interface and in the bulk perovskite, which is mainly attributed to efficient passivation of the trap states on the surface of the SnO2 ETL, as well as the improved quality of corresponding perovskite film.
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Supplementary Fig. 19. Schematic illustration of the time evolutional GIWAXS measurement under continuous illumination.
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Supplementary Fig. 20. Photographic images of (a) the illumination setup under vacuum and (b) the corresponding fixed intensity (~14,740 lux).
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Supplementary Fig. 21. Time evolutional XRD patterns of perovskite films based on a reference and b LCE. The diffraction peak (012) of CsFAMA perovskite splits up with the increase of the operation time under vacuum, indicating a phase segregation and the formation of the new component FAPbI3 after 90 min operation under vacuum. The introduction of the LCE interlayer can effectively cause a compact interfacial contact and suppress this segregation that generally occurs at the SnO2/perovskite interface during the operation.
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Supplementary Fig. 22. EQE spectra and integrated Jsc of flexible PSCs based on reference and LCE, respectively.

[image: ]
[bookmark: OLE_LINK24]Supplementary Fig. 23. Cross-sectional SEM images of the LCE based flexible PSC under the bending condition. Scale bar: 500 nm.
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Supplementary Fig. 24. Light on-off switching test for temperature monitoring at each level.
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Supplementary Fig. 25. Temperature monitoring for the continuous heating process.
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Supplementary Fig. 26. Cross-section SEM images of a, c PEN/ITO/SnO2/perovskite film and b, d PEN/ITO/SnO2/LCE/perovskite film measured after bending cycles of 2500 and 5000, respectively. Scale bar: 500 nm. The perovskite film begins to peel off from the SnO2 layer (Supplementary Fig. 26a) while the SnO2/LCE sample almost shows no morphological changes under 2500 bending cycles (Supplementary Fig. 26b). After bended for 5000 cycles, the reference SnO2/perovskite film exhibits an obvious structural failure (Supplementary Fig. 26c) while the SnO2/LCE/perovskite film only shows slight cracks and interfacial fatigue (Supplementary Fig. 26d). These cracks and interfacial fatigue come from the interfacial tensile stress and will not significantly hinder the longitudinal transport of photogenerated carriers.

Supplementary Tab. 1. Fitted parameters for the time-resolved photoluminescence (TRPL) decay measurements for perovskite films on various substrates.
	Substrate
	τ1 (ns)
	A1 (%)
	τ2 (ns)
	A2 (%)
	τave (ns)a

	ITO Glass
	28.5
	38.9
	1018.7
	61.1
	633.5

	SnO2
	2.8
	50.2
	36.1
	46.5
	18.8

	SnO2/LC oligomer
	2.2
	64.6
	33.8
	31.2
	12.5

	SnO2/Mixture
	3.0
	64.3
	48.8
	35.3
	19.2

	SnO2/LCE
	2.4
	40.0
	18.9
	57.6
	12.1


[bookmark: OLE_LINK5][bookmark: OLE_LINK6]a Average decay time was calculated based on the equation: τave= (A1τ1+ A2τ2)/(A1 + A2)

Supplementary Tab. 2. Photovoltaic parameters determined from the J-V curve in Fig. 3a.
	Device
	Jsc (mA cm-2)
	Voc (V)
	FF
	PCE (%)

	Reference
	23.86±0.85
24.67
	1.10±0.02
1.13
	0.69±0.07
0.74
	19.40±1.04
20.62

	SnO2/LC oligomer
	24.22±0.55
24.72
	1.11±0.02
1.14
	0.70±0.04
0.75
	20.14±0.99
21.18

	SnO2/LCE
	24.50±0.36
24.79
	1.16±0.01
1.17
	0.78±0.02
0.80
	22.47±0.38
23.26


The average and standard deviation values were based on measures of 50 cells. The sign “±” was defined as the error bar.
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Supplementary Tab. 3. The performance of recent reported flexible devices for comparision to this work.
	Structure
	PCE (%)
	Remaining PCE of the initial
	Bending radius (mm)
	Bending cycles
	Ref.

	PEN/ITO/SnO2/LCE/CsFAMAPbI3/Spiro-OMeTAD/Ag
	22.10
	86%
	4
	5000
	This work

	PEN/ITO/SnO2/Perovskite/Spiro-OMeTAD/Ag
	19.51
	94.9%
	8
	6000
	3

	PEN/ITO/PEDOT:PSS/PTAA/MAPbI3/PC61BM/BCP/Ag
	19.05
	90%
	3
	2000
	4

	[bookmark: OLE_LINK36][bookmark: OLE_LINK39]PET/PEDOT:PSS:CFE/PEDOT:PSS/Perovskite/PCBM/Aga
	19.0
	85%
	3
	5000
	5

	PEN/ITO/FI-SnO2/Perovksite/Spiro-OMeTAD/Au
	20.1
	85%
	-
	2500
	6

	MgF2/Willow Glass/ITO/PTAA/MAPbI3/C60/BCP/Cu
	19.72
	-
	-
	-
	7

	PET/ITO/PEDOT:EVA/Perovskite/PCBM/BCP/Aga
	19.87
	85%
	3
	7000
	8

	PEN/ITO/HfOx/SnO2/
Perovskite/Spiro-OMeTAD/Au
	21.10
	93.2%
	10
	2000
	9

	PEN/ITO/PTAA/Perovskite/Organic BHJ/Zr(acac)4/Ag
	21.73
	≈95%
	-
	1000
	10

	PET/ITO/HADI-SnO2/FA0.9Cs0.1PbI3/Spiro-OMeTAD/Aub
	22.44
	93%
	5
	1000b
	11


a Our previous report on flexible PSCs based on p-i-n structures. b Diagonal bending cycles.

Supplementary Tab. 4. Photovoltaic parameters of flexible PSCs based on reference measured at different bending angles.
	Bending Angles
	Jsc (mA cm-2)
	Voc (V)
	FF
	PCE (%)

	[bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK26]60°
	10.63
	1.05
	0.55
	6.12

	50°
	14.67
	1.07
	0.59
	9.27

	40°
	18.01
	1.10
	0.63
	12.52

	30°
	20.49
	1.09
	0.64
	14.37

	20°
	21.68
	1.10
	0.66
	15.77

	15°
	22.40
	1.10
	0.68
	16.95

	10°
	23.31
	1.10
	0.69
	17.82

	5°
	23.05
	1.12
	0.71
	18.41

	0°
	23.32
	1.11
	0.71
	18.56

	Pristine
	24.50
	1.09
	0.74
	19.91




Supplementary Tab. 5. Photovoltaic parameters of flexible PSCs based on LCE measured at different bending angles.
	Bending Angles
	Jsc (mA cm-2)
	Voc (V)
	FF
	PCE (%)

	60°
	17.23
	1.13
	0.65
	12.70

	50°
	20.21
	1.14
	0.67
	15.50

	40°
	21.78
	1.15
	0.70
	17.37

	30°
	22.56
	1.15
	0.70
	18.24

	20°
	23.27
	1.16
	0.71
	19.22

	15°
	23.87
	1.16
	0.73
	20.07

	10°
	24.19
	1.16
	0.73
	20.48

	5°
	24.43
	1.16
	0.73
	20.86

	0°
	24.53
	1.16
	0.74
	21.13

	Pristine
	24.69
	1.15
	0.78
	22.10
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