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Abstract Perovskite-based solar cells have recently exhibited rapid improvement in power conversion efficiency due
to their high optical and electrical properties. However, perovskite materials are fundamentally degraded by heat and
moisture, making long-term stability a critical issue. One way to improve the stability of perovskite solar cells is to en-
capsulate them. However, a low temperature encapsulation process of less than 100 °C is needed to minimize degrading
the perovskite materials. High moisture barrier properties are also required. To realize a high performance encapsulation
layer at low temperature we employed atomic layer deposition (ALD) technique. As the encapsulation layer materials,
Al,Os, which is most commonly used due to its high density and optical properties, and SnO,, which is mainly used as an
electron transport layer in perovskite solar cells, were selected. Single film and multi-layer structured films of Al,O; and
SnO, were deposited, and the structural, optical, and moisture permeability properties were investigated.
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Table 1. Reported performance of various encapsulation layers.”

o

A

Encapsulation layer Method of encapsulation Device structure WYTR
[¢/(m” - day)]
AlLOs ALD Glass/ITO/NiO/MAPBI3/PCsiBM/ALD-TiO-/Ag 9.0 x 10
SnOx ALD ITO/PEDOT:PSS/MAPbI;/PCBM/AZO/Ag 7.0 x 107
ALO; + EG PEALD ITO/MAPDI3/SnOy/spiro-OMeTAD/Ag 13x107°

EVOH with SiO, and GO UV curing with cover slip FTO/c-TiO,/m-TiO/(FAPbI3)oss(MAPbBI3)o 1 5/spiro-OMeTAD/Au  3.34 x 107
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Fig. 1. Structures of deposited encapsulation films.
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Fig. 2. (a) FE-SEM images of deposited film, (b) XRD results of
AlLOs, SnO; and 1 cycle/1 cycle structure.
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Fig. 3. Transmittance of the deposited films in 200~800 nm range.

Table 2. Average transmittance of each film in 200~800 nm range.

Structure Average T (%)
AlLO; 97
SnO, 73
10 nm/10 nm 82
1 cycle/1 cycle 97
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Fig. 4. The results of WVTR measurement for deposited films in log
scale. Overall progress of measurement is shown in insert graph.

Table 3. Final WVTR values of deposited films.

Structure WVTR [g/(m* - day)]
AlLO; <5 x 107 (detection limit)
SnO, 3.89 x 107

10 nm/10 nm 3.71 %107
1 cycle/1 cycle 2.50 x 107
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