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Supplementary Figure 1. Water contact angles for perovskite films with different alkyl
chain length AALs. a-e, Water contact angles of the pristine CsSFAMA film (a) and the

CsFAMA film with BA (b), PEA (c), OA (d), and OAm (e).



Supplementary Figure 2. AAL concentration dependent water contact angles. a, b Water
contact angles of the CsSFAMA film with 0.05 wt% AALs (OAm) and the CsFAMA film with

0.2 wt% AALs (OAm), respectively.
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Supplementary Figure 3. Integrated intensity of GIWAXS data along q.. Integrated intensity

of GIWAXS data along gz for pristine CSFAMA film and the CsSFAMA film with AALs (OAm).
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Supplementary Figure 4. UV-Vis spectrum and determination of optical band gap from
intercept of Tauc plot. UV-Vis absorption spectra for the pristine CsSFAMA film and the
CsFAMA film with AALs (OAm). Inset is Tauc plot showing an optical bandgap of 1.56 eV for

CsFAMA film.



2.5E4 -

Pristine
—— With AALs

N

o

m

iN
1

1.5E4 -

1.0E4 -

PL intensity (a.u.)

5.0E3 -

D.D T I T T T T T I '
650 700 750 800 850 900
Wavelength (nm)

Supplementary Figure 5. Photoluminescence (PL) spectra of CSFAMA films with AALs. PL

for pristine CSFAMA film and the CsSFAMA film with AALs (OAm).



Supplementary Figure 6. Photoluminescence (PL) mapping of CSFAMA films with AALs. a
and b, PL mapping for pristine CsSFAMA film and the CsFAMA film with AALs (OAm),

respectively.
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Supplementary Figure 7. PEA concentration-dependent device J-V characteristics. PEA
concentration-dependent current density—voltage (J-V) characteristics of CSFAMA devices with

PEA.
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Supplementary Figure 8. OAm concentration dependent device performance. J-V

characteristics of CsSFAMA devices with different OAm concentrations.



Technology and Application Center
PV Lab

Calibration Cer #~2893.01 S e Sailsten Corrig 2001

DUT S/N: 7194539 v.z 1-12
‘Newport Calibration #: 2097
- Manufacturer: King. Abdullah Unrwmty of Science and Technology (KAUST), Osman Bth' group; and University of
Toronto, Ted Sargent group
Mnerhl (single junction): Perovskite
Measurement Date: 2019-Apm-17
3 TanpmtureSenmr- TC-K, DUT Temperature: 25. T+ Y240
~ Environmental conditions at the time of calibration: Tempe 24+£3°CE ity: 30 £ 10 %
" The above DUT has been tested using the following methods to meet the ISO 17025 Standard by the PV Lab at Ncwpon
Corporation. Qmeduncermnuesmeexpmudusmsacovmgeﬁmrofk 2audcxpr¢ssedwm1annppmxlmml
95% level ofeanﬂdm of total i ble to the World Radiometric R ’WRR) and all
other inti ceable to NIST and the International Sysnem of Units (SI).

“Active area as defined by thin metal aperture mask.

Ry eported p ters were d under a 10 point IV sweep configuration wherein the bias
voltage (cumm for Voc demennlnﬂon) is held constant until the measured current (voltage for Voc) is determined
to be unchanging. This. l: inwtded to represent the quasi-steady-state perfomnee of the device. Total TV

ient time under the ely 8 minutes

Efficency [%] | 2234" + o071 Vocm ] i) = 0.0087 | Tsc[A] | 000159 = ooooosa
Pmax[mW) | 149 + 0044 | Vmax(V] | 0985 + 0014 |1 max[A] [ 000518 = 0000035
FF [%4] 820 = 16 Area [em"2] om = 00003 [ M 0991 % 0015

I-V:  ASTM E948-16 Standard Test Method for Electrical Pzrformanu of Pholovol!alc Cells Using
Reference Cells Under Slnmlamd Sunlight
QE:  ASTME1021-15 Standard Test Method for Speciral Responsivity Measu of Ph I

Devices
Standard Rzporlmg Condiﬂons.
: AM1.5-G. (ASTM Gl73—03/lEC 60904-3 ed. 2)
1000.0 W/m ? at 25

Secondary Reference Cell:

Device S/N: 10510-0054 KG1

Device Material; mono-Si )

Window Mateml KG1

Cemﬁcatmn National Renewable Energy Laboratory

A2LA accreditation certificate # 2236.01
180 Tracking #: 1937

Certified short circuit current (L) under standard reporting conditions (SRC): 57.21 mA.

Calibration due date: 29-Sep-19
Solar Simulator:

Spectrum: Newpo Corporation filename So/34 Spectroradimm Scan_0205.xls

Total irradiance: 1000 Wim* based on . of the above Secondary Reference Cell
Quantum Efficiency for DUT:

Newport Corporation filename QF 7194539, Yi2-H2, 0,35mA WLB log

Spec&almisnmchmmmﬁm M=0.991£0.015
DUT Calibration Procedures:

) Newmeomoraﬂon documem Wll (BQE) docx

Supplementary Figure 9. Device PCE certificate from Newport Photovoltaic Testing and
Calibration Laboratory. Independent PCE certification of CSFAMA inverted perovskite solar
cells with AALs (OAm) by an accredited laboratory (Newport Photovoltaic Testing and

Calibration Laboratory in the U.S.), confirming a stabilized PCE of 22.34+0.71.
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Supplementary Figure 10. Certificated results (J-V and EQE) by Newport Photovoltaic
Testing and Calibration Laboratory. a, Quasi-steady-state (QSS) J-V characteristics of
CsFAMA inverted perovskite solar cells with AALs (OAm) measured by Newport PV Lab under
a 10 points I-V sweep protocol. 10 voltage points were collected in QSS measurement, and each
bias voltage is applied and held until the measured current is determined to be unchanging. b,
EQE of CsSFAMA inverted perovskite solar cells with AALs (OAm) measured by Newport PV

Lab.



Supplementary Figure 11. Top-view and cross-sectional SEM images of CSFAMA films. a
and b, Top-view SEM images of the pristine CsSFAMA film and the CsSFAMA film with AALs
(OAm), respectively. ¢ and d, Cross-sectional SEM images of the pristine CsSFAMA film and the
CsFAMA film with AALs (OAm), respectively. e and f, Large-scale cross-sectional SEM

images of the pristine CsSFAMA film and the CsSFAMA film with AALs (OAm), respectively.



a b 5 T T T T T
= B
(200) 0
(111) (210)
S U S G T N O -
=] I -5+ Pristine
3 = —«— BA treated T
2 PEA | =210 —+— PEA treated
2 & —o— OAm treated y
Q o
E -— '1 5 T
= |BA l | ‘n l )L___J & il
5 -20-
Pristine d o ]
-25 4
5 40 0.0 0.2 04 0.6 0.8 1.0 1.2

26 (degree) Voltage (V)
Supplementary Figure 12. XRD patterns and device performance of CSFAMA perovskite
with different alkyl chain length AAL surface post-treatment. a, XRD patterns of CSFAMA
perovskite films with different alkyl chain length AAL (BA, PEA, and OAm) post-treatment. b,
Current density—voltage (J-V) characteristics of CSFAMA devices with different alkyl chain

length AAL (BA, PEA, and OAm) post-treatment.
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Supplementary Figure 13. Atomic force microscopy (AFM) images of CSFAMA films. a and
b, Atomic force microscopy (AFM) images for pristine CSFAMA film and the CsSFAMA film

with AALs (OAm), respectively.
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Supplementary Figure 14. Temperature-dependent capacitance versus frequency C-f plots.

Temperature dependent C-f plots for the pristine CSFAMA devices.
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Supplementary Figure 15. EQE of the devices operated as LEDs. EQEeL for pristine

CsFAMA device and the CsSFAMA device with AALs (OAm).
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Supplementary Figure 16. Light intensity-dependent Voc for CSFAMA devices. The light
intensity-dependent Voc for pristine CsSFAMA device and the CsSFAMA device with AALs

(OAm). The n values were obtained by liner fitting of the data points.
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Supplementary Figure 17. DFT calculation of the trap states on the surface of (110) and

(210) facet. Optimized crystal structures and projected density of states of cubic-phase FAPbI3

slabs with surface facets: FAI-rich (110) (a) and (210) (b).
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Supplementary Figure 18. DFT calculation of charge densities on the surface of various
crystallographic facets. Charge densities for the valence band maximum (VBM), the
conduction band minimum (CBM), and the trap states for cubic-phase FAPbIs slabs with surface
facets: FAI-rich (a) and Pblz-rich (b) (100), Pblz-rich (110) (c), FAPbIs (111) (d), FAI-rich (e)

and Pblz-rich (f) (211), FAl-rich (110) (g), and FAPblz (210) (h) calculated by density

functional theory.
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Supplementary Figure 19. Charging-discharging process of the ion migration

measurement. A typical charging-discharging process for pristine CSFAMA film and the

CsFAMA film with AALs (OAm) measured at 280 K.
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Supplementary Figure 20. Temperature-dependent transient response measurements for

the ion migration characterization. Typical temperature-dependent transient response

measurements for CsSFAMA devices with AALs (OAm). The decay rate (') of the negative

current which represent the ion distribution recovery time, was estimated by exponential decay

fitting.



