Abstract

The presented work is devoted to the study of perovskite thin films prepared by
vacuum thermal co-evaporation. A comprehensive study of perovskite thin film growth
during the deposition process was performed by combined time-resolved in-situ grazing-
incidence wide-angle X-ray scattering (GIWAXS), grazing-incidence small-angle X-ray
scattering (GISAXS) and photoluminescence (PL) measurement, utilizing a custom build
vacuum chamber. The non-monotonous character of PL emission evolution was observed,
which we explain by the enhanced non-radiative recombination of charge carriers due to the
formation of defects produced at the grain boundaries during the deposition process. The
rate of non-radiative recombination is closely connected with the final performance of
perovskite optoelectronic devices. This hypothesis is independently supported by ex-situ
atomic force microscopy (AFM) measurements and in-situ GIWAXS and GISAXS studies.
Three different stages of perovskite formation during vacuum co-deposition were identified
based on the structural and morphological changes revealed by GIWAXS and GISAXS. The
growth of perovskite is initiated by the nucleation of individual grains (Stage I), which is
followed by the coalescence of particular grains (Stage II), and finally, is characterized by
steady layer growth in a vertical direction (Stage III). The time of coalescence (Stage II) was
also confirmed by the analysis of induced stress within the perovskite layer during the
vacuum co-deposition utilizing time-resolved in-situ GIWAXS and PL, which coincides
with the onset of the PL decay. The results are consistent for different perovskite materials
— methylammonium lead iodide (MAPbI3) and formamidinium methylammonium lead
iodide (FAMAPDI3). We report that this stage is crucial for defect passivation strategies to
enhance perovskite devices' overall performance. We also demonstrate that such a combined

real-time study is a useful tool for tailored defect passivation.

Keywords: perovskite, vacuum thermal co-deposition, solar cell, GIWAXS, GISAXS,

photoluminescence, grain boundary, defects, defects passivation.






Abstrakt

Predlozena préca je venovand Stadiu tenkych perovskitovych vrstiev pripravenych
pomocou vakuovej termalnej ko-depozicie. Bolo vykonané komplexné §tidium rastu
tenkych perovskitovych vrstiev pocas depozi¢ného procesu, za vyuzitia kombinovanych
¢asovo rozliSenych in-situ merani Sirokouhlého rozptylu rontgenového Ziarenia v reflexnej
geometrii (GIWAXS), malouhlového rozptylu rontgenového Ziarenia v reflexnej geometrii
(GISAXS) a fotoluminiscencie (PL) v na mieru vyhotovenej vakuovej depozi¢nej komore.
Bol pozorovany nemonotonny charakter vyvoja emisie PL, ktory vysvetl'ujeme zvySenou
neradiativnou rekombinaciou nosi¢ov naboja v dosledku vzniku defektov na hraniciach ztn
vznikajicich pocas depozi¢ného procesu. Rychlost’ neradiativnej rekombindcie je uzko
spojena s kone¢nou ucinnost’ou perovskitovych optoelektronickych prvkov. Tato hypotézu
nezavisle podporuji ex-situ merania atomarnej silovej mikroskopie (AFM) nanesenych
vrstiev a in-situ Studie depozi¢ného procesu vykonané pomocou techniky GIWAXS a
GISAXS. Na zéklade Strukturdlnych a morfologickych zmien pocas depozicie odhalenych
technikamy GIWAXS a GISAXS boli identifikované tri rézne fazy formovania perovskitu
pocas vakuovej ko-depozicie. Rast perovskitu je iniciovany nukledciou jednotlivych zin
(faza 1), ktort nasleduje koalescencia (zlu¢ovanie) jednotlivych zin (faza II) a nakoniec je
depozicia perovskitu charakterizovana postupnym rastom vrstvy vo vertikalnom smere (faza
IIT). Cas koalescencie (fiza II) je tiez potvrdeny analyzou indukovaného mechanicého
napétia v perovskitovej vrstve pocas vakuovej ko-depozicie pomocou ¢asovo rozliSenej in-
situ Studie s vyuzitim techniky GIWAXS a merania fotoluminescencie, ktora nastava prave
v Case zaciatku Utlmu PL. Vysledky s konzistentné pre rézne perovskitové materialy —
metylamin jodid olovnaty (MAPbI3) a formamidin metylamin jodid olovnaty (FAMAPbDI3).
Stadium koalescencie sme identifikovali ako kI'i¢ové pre pasivaciu tenkych vrstiev na
zlepSenie celkovej UCinnosti perovskitovych optoelektronickych prvkov. Taktiez
ukazujeme, Ze takéto kombinované Stidie v redlnom Case su uzitonym nastrojom pre

Specificku pasivaciu defektov.
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