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Table S-1. The fitted parameters of TRPL spectra (excitation at 475 nm) of perovskite films

with additive different concentrations of urea deposited on quartz glass.

Sample O Tye(ns) LA (%) 71(ns) HA2(%) [y (ns)
oM 326.6 43.6 173.3 56.4 386.7
0.1M 944.0 22.5 262.4 77.5 996.1
0.2M 1687.0 4.6 335.6 95.4 1699.9
0.3M 583.2 25.6 213.8 74.4 626.6

Table S2. Calculated perameters and trap density (Nt) of the perovskite films without urea

and with 0.2 M urea.
L (nm) € Virr (V) Nt (x10%%¢m?3)
Y 710 42.3 0.41 3.8
0.2M 710 42.3 0.25 2.3

Table S3. Photovoltaic parameters of PSCs devices with additive different

concentrations of urea

Joe MA/cm2) V. (V) FF (%) PCE (%)
oM 23.99£0.04  1.098£0.005  72.6£027  19.12+0.4
0.1M 24.4240.03  1.136£0.007 7524025  20.86+0.4
0.2M 24.58£0.02  1.142+0.005  78.8£0.23  22.12+0.3

0.3M 24.06+0.04 1.118+0.006 72.7+0.22 19.56+0.3




Table S4. The photovoltaic parameters and hysteresis indexes for PSC without and with 0.2

M urea doping, the hysteresis index is defined as (PCEeverse — PCEforward)/PCE everse-

Direction Jgc Voc (V) FF PCE (%) Hysteresis
(mA/cm?) (%) index
0M reverse 23.99 1.098 72.6 19.12 7%
forward  23.94 1.082 68.7 17.79
0.2M  reverse 24.58 1.142 78.8  22.12 3.8%
forward  24.50 1.136 76.5 21.29

Table S-5. The fitted parameters for IS measurements PSCs with additive different

concentrations of urea

R(Q cm?) Rl @ c?)

OM 26.1 2481

0.2M 6.7 5785




Fig. S1. SEM images of Pbl, films prepared under different urea concentrations, (a) urea-0

M, (b) urea-0.1M, (c) urea-0.2M, (d) urea-0.3M. The scalebar is 2 pm.
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Fig. S2. XRD patterns of Pbl, films with additive with different concentrations of urea. The
FWHM of (001) plane is 0.336 °, 0.272 °, 0.253 ° and 0.247 ° as the urea doping

concentration increased, respectively.
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Fig. S3. XPS of Pbl, films without urea and with 0.2 M urea.
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Fig. S4. UV of perovskite films with different concentrations of urea doping.
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Fig. SS. Chirp corrected femtosecond transient absorption (TA) spectroscopy of pristine
perovskite (a) and 0.2M urea incorporated (b) perovskite films at selected probe delay times.
(c) The corresponding normalized bleaching kinetics at 770 nm for the pristine perovskite

and 0.2M urea incorporated perovskite films following excitation at 650 nm (~2 pJ cm™2).
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Fig. S6. J-V curves of PSC without and with 0.2 M urea doping.
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Fig. S7. (a) and (b) are UPS spectra of perovskite films without and with 0.2 M urea

doping.(c) Tauc plot results of the without and with 0.2 M urea doping perovskites films.(d)

Energy level diagram of a typical PSCs.



