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Abstract: Hybrid organic-inorganic halide perovskites have attracted paramount interest due to their adjustable band gap),
solution processibility for solar cells and excellent optoelectronic properties, and its solar cells power conversion efficiencies
have reached higher than 25%. In this brief review, we provide a brief overview of phase transformation and conversion for
different kinds of hybrid perovskites as revealed through in-situ grazing incidence wide-angle X-ray scattering ( GIWAXS)
technique. These experiments were performed in conditions closely mimicking thin film processing and conditions used for
thin film solar cell device fabrication, therefore have provided critical information about the mechanism of the phase transfor-
mation, its onset, kinetics, as well as the emergence and disappearance of various phases along hybrid perovskite film forma-
tion. These measurements capture the overall solidification and conversion process of hybrid perovskite inks into solid films,
all of which deeply affect the thin film microstructure and morphology. This paper may be helpful for designing and fabrica-
ting high performance perovskite optoelectronics.
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Fig. 1

Time-evolution of the GIWAXS scattering features during spin-coating with respect to the scattering vector ¢ and time for the MAPbI;

perovskite ink in solvent mixture of DMSO and GBL without use of the drip (a) ; in-situ GIWAXS measurements performed at 80 s for

solutions with the no drip, CB drip, PCBM drip and ITIC drip, showing differences in the shape and intensity of scattering (b) , inten-

sity versus ¢ for the solvate, Pbl, , and perovskite (110) diffraction features for the four cases (¢) , pole figures showing the differences

in intensity and broadness of the Azimuth angle between the blank and loaded drips (d) ; proposed formation mechanism of perovskite

via loaded dripping strategy () !'7?( Copyright 2018, Wiley-VCH)
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Fig. 2 In-situ GIWAXS scattering features evolution, showing ink-to-solid
transformation during blade coating for FAPbl;, FA,¢MA| s-
Csg osPbl; and FA, ¢MA 5Cs osPbl, 55Br, 45 perovskite formu-

lations'3! ( Copyright 2020, The Royal Society of Chemistry)
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Fig. 3 In-situ GIWAXS scattering features evolution for the formation of the Ruddlesden-Popper (RP) 2D perovskite (a~c) and
the corresponding schematic model (d~f)t"*!( Copyright 2018, Wiley-VCH)
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Fig. 4 Ex-GIWAXS patterns for the thermal-annealed films prepared with different solvents and temperatures: (a) DMF-25 C, (b)

DMSO : DMF-25 C and (¢) DMSO : DMF- 90 °C ; the corresponding diffraction features for the films(d) ; crystal grain size cal-

culated by Sherrer formula (e) ; the pole figures showing the differences in broadness of the azimuth angle (f) (193¢ Copyright
2018, Wiley-VCH)
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Fig. 5 In-situ GIWAXS analysis showing the dynamical transformation from disordered precursor to perovskite for the control, antisolvent

( chlorobenzene ) -processed, and hot-cast samples, respectively (a~c), 2D GIWAXS snapshots taken at the end of spin coating

showing different textures for the corresponding films, respectively (d~{f), the intensity vs. ¢ for the diffraction features of the

MAPDI;, control, antisolvent-processed, and hot-cast films (g, h) L8] ( Copyright 2019, American Chemical Society)
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