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Supplementary text 1 
 2 

S1. Calculation of the amount of H2O sealed in the encapsulated device 3 

Assume that a single molecular layer of H2O (molecular size: 0.38 nm) exists adsorbed on the cell 4 

and encapsulation components surfaces. Therefore, to calculate the amount of H2O molecules present on 5 

the cell and encapsulant surfaces, the height of a single layer of H2O molecules was taken into account for 6 

the volume calculation. In side–sealing, H2O molecules are adsorbed on the cell surface, encapsulant 7 

surface, and cover glass surface, and their volumes are 0.038 mm3 (length: 100 mm × width: 100 mm × 8 

height: 0.38 nm), 0.000076 mm3 (length: 100 mm × width: 0.5 mm × height: 3.8 nm × 4 sides), and 0.038 9 

mm3 (length: 100 mm × width: 100 mm × height: 0.38 nm), respectively. Additionally, the volume of the 10 

space between the cell and the encapsulation components is 4800 mm3 {length: 100 mm × width: 100 mm 11 

× height: 0.48 mm (Height of encapsulant: 0.5 mm - height of the cell: 0.02 mm = 0.48 mm)}. The following 12 

is a calculation of the estimated amount of sealed H2O molecules (est. H2O amount) based on these total 13 

volumes and the amount of water vapor at room temperature (25 °C, 23.1 g m-3). Relative humidity was set 14 

at 50%. 15 

est. H2O amount in side–sealing device:  16 

23.1 g m-3 / 0.50 × (0.038 + 0.000076 + 0.038 + 4800 mm3) = 5.44×10-5 g 17 

Converting to molecule amount: (5.44×10-5 g / 18.02 g mol-1) × 6.02×1023 mol-1 = 1.85×1016 18 

(Molar volume of H2O: 18.02 g/mol, Avogadro constant: 6.02×1023 mol-1) 19 

 20 

In over–sealing, H2O on the surface of the cell and encapsulant is sealed into the device after 21 

encapsulation. Assuming this to be a monolayer, the volume is 0.038 mm3 (length: 100 mm × width: 100 22 

mm × height: 0.38 nm). As with side–sealing, from these total volumes, the estimated amount of H2O 23 

molecules sealed in the over–sealing device can be calculated as follows. 24 

est. H2O amount in over–sealing device: 23.1 g m-3 / 0.50 × 0.038 mm3 = 4.39×10-11 g 25 

Converting to molecule amount: (4.39×10-11 g / 18.02 g mol-1) × 6.02×1023 mol-1 = 1.47×1010 26 
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S2. Calculation of the number of perovskite units in the devices 1 

 The number of MAPbI3 perovskite crystal units was calculated assuming that the perovskite 2 

crystals are packed into the m–TiO2 and m–ZrO2 layers (2 μm) of a 1 cm2 device.  The volume of perovskite 3 

crystals contained in a 1 cm2 device is: 4 

10 mm × 10 mm × 0.002 mm = 0.2 mm3 5 

The volume of one unit of MAPbI3 perovskite was 0.98 nm3.[1]  For simplicity, porous structures are not 6 

considered here.  The number of perovskite crystal units is as follows. 7 

0.2 mm3 / 9.8 × 10–19 mm3 = 2.04 × 1017 8 
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 1 

Figure S1. SEM images of the surface (a, b) and the cross–section (c, d) of MPLE–PSCs using MA (a, c) 2 
and FACs (c, d) perovskites. 3 

 4 

 5 

 6 

Table S1. Resistance parameters obtained from EIS measurement at 0 V bias under the right and fitting. 7 

 8 
light absorber Rs (Ω) Rtr (Ω) Cg (F) RCT Cdl (F) Ws (Ω) Relectr (Ω) 

MA 15.6 1097 5.5×10–11 31.0 1.2×10–7 509 29221 

FACs 23.7 861.8 4.9×10–12 21.3 2.1×10–7 586 38420 
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 1 

Figure S2. The sealing procedure of MPLE–PSCs. 2 

 3 
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 6 

Figure S3. Photographs of encapsulated MPLE-PSCs. 7 
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 1 

Figure S4. Encapsulated MPLE–PSCs during thermal stability test. 2 

 3 
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Figure S5. Variations for normalized (a) JSC, (b) VOC, and (c) FF at the initial value of encapsulated 5 
MPLE–PSCs at thermal stability test (85 °C (ISOS–D–2) for >5,000 h). The number of used devices was 6 
five for the statistical data, and only the average values were plotted. 7 
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Figure S6. Variations for normalized (a) Rs and (b) Rsh at the initial value of encapsulated MPLE–PSCs 2 
at thermal stability test (85 °C (ISOS–D–2) for >5,000 h). The number of used devices was five for the 3 
statistical data, and only the average values were plotted. 4 
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Table S2. The time when each device's performance has degraded to 80% of its initial value (T80 lifetime) 8 
in a thermal stability test at 85 °C. The average times are shown. The number of used devices was five for 9 
the statistical data. 10 

 11 
light absorber w/o encapsulation over–sealing side–sealing 

MA 16 h >5000 h 3580 h 

FACs 125 h 11 h 35 h 
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 1 

Figure S7. Changes in IPCE spectrum and integrated JSC of MPLE–PSCs with FACs perovskite during 2 
thermal stability tests. (a, c) over–sealing and (b, d) side–sealing. 3 
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 6 
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Figure S8. Changes in Nyquist plots of MPLE–PSCs with FACs perovskite during thermal stability tests. 8 
(a) over–sealing and (b) side–sealing. 9 
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Figure S9. Changes in IPCE spectrum and integrated JSC of MPLE–PSCs with MA perovskite during 2 
thermal stability tests. (a, c) over–sealing and (b, d) side–sealing. 3 
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Figure S10. Changes in Nyquist plots of MPLE–PSCs with MA perovskite during thermal stability tests. 8 
(a) over–sealing and (b) side–sealing.  9 
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 1 

Figure S11. Variations for normalized (a) PCE, (b) JSC, (c) VOC, and (d) FF at the initial value of 2 
encapsulated MPLE–PSCs at thermal stability test (100 °C for >5,000 h). The number of used devices was 3 
three for the statistical data, and only the average values were plotted in JSC, VOC, and FF. 4 
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Figure S12. Variations for normalized (a) Rs and (b) Rsh at the initial value of encapsulated MPLE–PSCs 2 
at thermal stability test (100 °C for >5,000 h). The number of used devices was three for the statistical data, 3 
and only the average values were plotted. 4 
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Table S3. The time when each device's performance has degraded to 80% of its initial value (T80 lifetime) 8 
in a thermal stability test at 100 °C. The average times are shown. The number of used devices was three 9 
for the statistical data. 10 

 11 
light absorber over–sealing side–sealing 

MA 432 h 22 h 

FACs 48 h 15 h 

 12 
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