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Fig. 1. The effect of Cl on interface quality between perovskite and TiO;, and stabilization of CI-
capped TiO; (TiO,-Cl) colloidal nanocrystals. (A) Trap-like localized antisite defects form near the
valence band edge for the Pbl,-terminated TiO./perovskite interface. (B) Shallow and delocalized Pb-
Cl antisite defects are seen for the PbCl,-terminated interface. (C and D) XPS spectra of Cl 2p peak of
(C) TiO2 NC films: as-synthesized, redispersed in the cosolvent of methanol and chloroform (MeOH +
CF), redispersed in ethanol with titanium diisopropoxide bis(acetylacetonate) as stabilizer (EtOH +
TiAcAc) and (D) TiO,-Cl NC films with various post-annealing temperatures: room temperature (RT),

100°C, 150°C, and 250°C.
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Fig. 3. Enhanced photovoltaic performance of perovskite solar cells with TiO>-Cl. (A) J-V curves of
PSCs with TiO2 and TiO,-Cl as ESLs measured at reverse and forward scans. (B) Histogram of the PCE
values among 204 devices on TiO,-Cl. (C) Normalized transient photocurrent decay and (D) normalized
transient photovoltage decay of solar cells with TiO, and TiO,-Cl as ESLs. Devices shown in A-D have
perovskite composition of MAFA. (E) J-V curves of best-performing small-area (0.049 cm?) CsMAFA
PSC measured at reverse and forward scans. (F) J-V curves of best-performing large-area (1.1 cm?)
CsMAFA PSC showing a PCE of 20.3% (V0. = 1.196 V, Jsc = 22.2 mA cm™2, FF = 76.4%) at reverse scan.
The inset shows the photo of the large-area device. MAFA and CsMAFA denote the perovskite
compositions of FAo,g5MAo,15Pb|2‘5sBI’o,45 and CSo,o5FAo,81MAo,14Pb|2,558|’o,45, respectively.

First release: 2 February 2017 www.sciencemag.org  (Page numbers not final at time of first release) 8

Downloaded from http://science.sciencemag.org/ on February 3, 2017


http://www.sciencemag.org/
http://science.sciencemag.org/

A 24~ . . — C 24
Under dark
o0l ] 21+
TiO2-Cl MAFA CsMAFA 18}
’0‘5 16 ;}TE" 15k
E 12 5 12
i <
g Tio2 E of
sl -~ —— fresh
gl ——500n MPP
al MAFA —=— Recovered
3 -
O 1 1 1 1 1 1 1 D 1 1 L 1 I
0 15 30 45 60 75 90 0.0 0.2 0.4 0.6 0.8 1.0 1.2
Time (day) V{V)
B > Flieverse .Ij-'u.fscemI
20 _D-D—D—DWD_D;D_D_na—n—n—-n—n—n-—n—g/ o
—_ / - Recovery
& 15r MPP tracking in dark
w Under AM1.5 illumination
o 10F
o
5 -
0

0 50 100 150 200 250 300 350 400 450 500 550
Time (h)

Fig. 4. Long-term device stability of perovskite solar cells with TiO,-Cl and TiO,. (A) Dark
storage stability of non-encapsulated PSCs using TiO; and TiO,-Cl. The unsealed cells were kept in a
dry cabinet (<30% relative humidity) in the dark and measured regularly in nitrogen. PCE values
were obtained from the reverse scans. MAFA and CsMAFA represent the perovskite compositions
of FAo0ssMA015Pbl255Broas and Cso.osF AosiMA014Pbl255Bro.45, respectively. (B) Continuous maximum
power point (MPP) tracking for 500 hours of a high-performance unsealed CsMAFA cell with TiOx-Cl
in nitrogen atmosphere under constant simulated solar illumination (100 mW cm) with a 420 nm
cutoff UV filter. PCE values taken from reverse J-V scans (square symbols) are shown as well; the
device retains 95% of initial performance as determined from reverse J-V scans. (C) J-V curves of
PSC (CsMAFA) shown in (B) at various stages: fresh, right after 500 hours of MPP operation, and
after recovery overnight in the dark. The J-V curves were measured without UV-filter
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