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Supplementary Fig. S1 X-ray diffraction patterns of UV degraded sample before and after 1-sun light
soaking.
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Supplementary Fig. S2 (a) Jsc and (b) Voc of a device with denoted light conditions. Device firstly
exposed to UV light 210 h and then rested in dark 5 h and measured. After measurements, device
rested in dark 5 h again and measured with 1-sun light soaking. Measurements were conducted with
40 s intervals during light soaking. Device was measured again after 20 h, and 70 h rested in dark.

UV light exposure and resting in dark were conducted under inert gas atmosphere. 1-sun light
soaking was conducted under air condition.
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Supplementary Fig. S3 UV-Visible (a) light absorbance (b) transmittance of pristine and UV
degraded devices measured at 300-900 nm. Times shown denote UV exposure times.
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Supplementary Fig. S4 (a) Nyquist plots of UV exposed perovskite solar cells for different times and
(b) possible band structure change with Pbl> formation which can be beneficial for charge transport'.
EIS measurements obtained under dark conditions at a 0.8 bias voltage. Inset represents the
equivalent circuit for fitting EIS: Rs (series resistance), Rct (recombination resistance) and Rytm (HTM
resistance) in parallel with each chemical capacitance CPE1, CPE2. The Nyquist plots of these
perovskite solar cells shows two main arcs. The high frequency arc in the Nyquist plots is attributed to
Rutm. Recombination at TiO2/Perovskite interfaces, R, is displayed in lower frequency region. As
depicted in Nyquist plots, Rt is reduced after 10h UV exposure. However, the Rc is recovered as
increasing the UV exposure time. This enhancement of Rt as following UV exposure suggests that
the generation of Pbl: at TiO2/Perovskite interfaces suppress charge recombination, which may
passivate defect sites exist at the interfaces generated during UV degradation® 3.
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Supplementary Fig. S5 Voc degradation/recovery cycle of device represented in Fig. 5 (of the main
article) over a range of UV exposure and 1-sun light irradiation times. The breaks are used to indicate
two different time scales. Red (circle) symbol denotes values after UV exposure and blue (triangle)
symbol denotes values after 1-sun light irradiation. Black (square) symbol denotes values during 1-
sun light irradiation. Lines between the symbols are a guide to the eyes. Purple region represents UV
exposure and yellow region represents 1-sun light irradiation region.
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Supplementary Fig. S6 PCE degradation/recovery cycle of five devices over a range of UV
exposure and 1-sun light irradiation times. The breaks are used in this figure to indicate two different
time scales. Red (circle) symbol denotes values after UV exposure and blue (triangle) symbol
Black (square) symbol denotes values during 1-sun light
irradiation. Lines between the symbols are a guide to the eyes. Purple region represents UV

denotes values after 1-sun light irradiation.

exposure and yellow region represents 1-sun light irradiation region.
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Supplementary Fig. S7 FF degradation/recovery cycle of five devices over a range of UV exposure
and 1-sun light irradiation times. The breaks used in this figure indicate two different time scales. Red
(circle) symbol denotes values after UV exposure and blue (triangle) symbol denotes values after 1-
sun light irradiation. Black (square) symbol denotes values during 1-sun light irradiation. Lines
between symbols are a guide to the eyes. Purple region represents UV exposure and yellow region
represents 1-sun light irradiation region.
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Supplementary Fig. S8 Rs degradation/recovery cycle of five devices over a range of UV exposure
and 1-sun light irradiation times. The breaks used in this figure denote two different time scales. Red
(circle) symbol denotes values after UV exposure and blue (triangle) symbol denotes values after 1-
sun light irradiation. Black (square) symbol denotes values during 1-sun light irradiation. Lines
between the symbols are a guide to the eyes. Purple region represents UV exposure and yellow
region represents 1-sun light irradiation region.
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Supplementary Fig. S9 Jsc degradation/recovery cycle of five devices over a range of UV exposure
and 1-sun light irradiation times. The breaks used in this figure denote two different time scales. Red
(circle) symbol denotes values after UV exposure and blue (triangle) symbol denotes values after 1-
sun light irradiation. Black (square) symbol denotes values during 1-sun light irradiation. Lines
between the symbols are a guide to the eyes. Purple region represents UV exposure and yellow
region represents 1-sun light irradiation region.
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Supplementary Fig. S10 Voc degradation/recovery cycle of five devices over a range of UV exposure
and 1-sun light irradiation times. The breaks used in this figure denote two different time scales. Red
(circle) symbol denotes values after UV exposure and blue (triangle) symbol denotes values after 1-
sun light irradiation. Black (square) symbol denotes values during 1-sun light irradiation. Lines
between the symbols are a guide to the eyes. Purple region represents UV exposure and yellow
region represents 1-sun light irradiation region.
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Supplementary Fig. S11 1-Sun light soaking induced recovery of the UV degraded perovskite solar
cells. (a) Light I-V curve, (b) PCE, (c) FF, (d) Jsc, (€) Voc, (f) Rs, and Rshunt With continuous light soaking
at 1-sun intensity (AM 1.5G, 100 mW-cm™2) for about 9 min. The voltage setting time was 200 m-s, the
active area was 0.125 cm?, and a mask of 0.075 cm? was used for the measurements. Measurements
were carried out in the open circuit voltage to short circuit current direction (i.e., reverse direction).
Measurements were performed at 40 s intervals. Series and shunt resistance were deduced from Voc
and Jsc slopes and calculated automatically by measurement software.



Supplementary Table. S1 Solar cell parameters during light soaking under 1-sun about 9 min (100
mW-cm™2 illumination)

. o Jso Fr | Seres Shunt | poE
Light soaking time [min] Voc [V] mAcm? | [%] Resistance | Resistance [%]
[Q] [Q]
Pristine 1.043 18.77 | 70.15 67.1 -20800 13.74
UV degraded 0.934 16.91 23.87 1220 1460 3.77
0.7 1.011 18.03 | 39.33 484 4970 717
1.3 1.017 18.14 | 45.95 334 6590 8.47
2.0 1.022 18.15 | 49.14 272 8450 9.11
2.7 1.033 18.11 51.6 220 9040 9.65
3.3 1.029 18.02 | 53.27 192 11600 9.88
4.0 1.032 17.97 | 54.12 171 12500 10.03
47 1.031 17.88 | 55.24 153 12600 10.18
5.3 1.025 17.79 | 55.46 143 12000 10.11
6.0 1.027 17.74 | 55.97 132 13400 10.20
6.7 1.020 17.64 56.2 134 11700 10.11
7.3 1.019 17.59 | 55.98 130 16700 10.04
8.0 1.019 17.52 | 56.48 124 15400 10.08
8.7 1.019 17.47 | 56.71 120 12900 10.10
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Supplementary Fig. S12 Light I-V and EQE data. Devices were firstly degraded with UV light and
recovered with 1-sun light soaking. After recovery, devices were stored in a glove box without any
illumination. After the times denoted above, devices were removed from glove box and measured
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Supplementary Fig. S13 (a) Light transmittance of the perovskite solar cell components and (b)
relative intensity of UV light calculated based on the intensity decay equation. The relative intensity
inside the perovskite was plotted by using device figures with a real scale ratio. Lambert law of
absorption: | = loexp(—ax), where I: intensity of light, lo: incident light intensity, a: absorption coefficient,
and x: penetration depth of light. A light absorption coefficient of 5.0 x 10° cm™ was used for the
CHsNH3Pbls perovskite and 0, 100% porosity of mesoporous TiO2 was assumed and calculated*™**.
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