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ABSTRACT

Environmental factors such as oxygen and moisture are known to severely degrade perovskite solar cells (PSCs). In general, rigid
glasses and resins are used to prevent moisture penetration. However, typical encapsulation exhibits the disadvantage of being
vulnerable to external physical impact. In this study, to minimize device degradation from environmental factors, we present the
organic/inorganic multilayered encapsulation film (MEF) that can effectively block moisture and oxygens. Tris (8-hydroxy-
quinolinato) aluminum (Algs) and magnesium fluoride (MgF,) were used as an organic and inorganic layer in the MEF structure,
respectively. The optimal condition for effective encapsulation exhibits the 5 pairs of Alqy/MgF, structure and the water vapor
transmission rate (WVTR) of the MEF is measured about 0.2635 g/m? per day. The PSCs integrated with MEF show remarkable
moisture barrier performance compared to the PSC without MEF (bare PSCs). After 12 days of degradation, the PSCs with MEF
shows 40% degradation in terms of a power conversion efficiency (PCE), while the degradation rate of PCE of the bare PSCs
shows 72.7% loss in PCE. Moreover, the change of the perovskite film absorbance under the film degradation provides the
superior encapsulation characteristics of MEF. By investigating the changes in the photovoltaic parameters and water vapor
transmission rate of MEF, we confirm that the moisture barrier performance of the MEF improved the stability of PSCs.
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2.1. Materials
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2.3. Fabrication of MEF
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3.2.1. Photoelectrical Degradation
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Fig. 1. (a) Device structure of PSCs, (b) WVTR (water vapor transmission rate) for each pair of MEF.
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Table 1. Temperature and humidity during 12 days of degradation

Date 0 day 1 day 2 day 3 day 4 day 5 day 6 day 8 day 9 day 10 day 11 day
Temp. [°C] 20.6 20.6 20.6 203 21.9 203 20.7 20.6 21.1 20.8 20.9
um. [%] 55 55 60 58 46 54 65 60 46 48 57
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Fig. 2. Normalized long-term degradation trends are presented for (a) Jsc, (b) Vo, (¢) FF, (d) PCE. Encap and
Control represent the photovoltaic performance of PSCs with and without MEF, respectively. The solid line is

a guide to the eye.
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Table 2. Js, Voc, FF, PCE during 12 days of degradation

Date 0 day 1 day 3 day 5 day 6 day 8 day 9 day 10 day 11 day
Jse Control ~ 15.53 14.26 15.44 1595 14.87 14.22 13.80 1526 1333
(mA/en)  Encap 17.26 15.87 17.53 16.96 16.41 17.67 18.47 17.31 1670
Voe  Control 921 8.99 8.67 8.66 8.53 9.18 8.75 9.70 9.90
V) Encap 8.90 8.60 797 7.90 7.90 7.90 7.90 797 7.90
pp Control  64.78 53.05 51.02 4432 41.23 40.23 34.47 31.97 29.80
(%) Encap 65.55 55.27 51.33 50.50 49.51 48.00 46.99 4657 46.02
pce  Control 926 6.82 6.83 6.14 542 541 444 482 3.99
(%0) Encap 10.07 7.54 717 6.77 6.42 6.70 6.86 642 6.07
7445t Aof H|5f], Control AA}e] Mg Wl 882 E T & AeE HIEHA o] At oF e
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Fig. 3. (a) J-V characteristic curve of PSC with MEF (Encap) & Bare PSC (Control) with time, (b) Absorbance
spectrum of perovskite film with MEF (Encap) and Bare perovskite film (Control) at 0 day & 14 day.
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Fig. 4. Cross-sectional SEM images. (a) Bare PSC
(Control, 12 days degradation), (b) PSC with
MEF (Encap, 12 days degradation), (c) PSC
with MEF (fresh device).
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3.2.2. Absorbance Degradation of Perovskite
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PSCs: Perovskite solar cells
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Algs: Tris(8-hydroxyquinolinato)aluminium

MgF>: Magnesium fluoride

WVTR: Water vapor transmission rate

MEF: Multilayered encapsulation film

ITO: Indium Tin Oxide

PEDOT: PSS: Poly(3,4-ethylenedioxythiophene): poly
(styrenesul-fonate)

SEM: Scanning electron microscopy
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