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Abstract: Methylammonium lead iodide (MAPbI;) thin films were grown at low temperatures on glass substrates via
3-zone chemical vapor deposition. Lead iodide (Pbl,) and lead bis (dipivaloylmethanate) [Pb(dpm),] precursors were used
as lead sources. Due to the high sublimation temperature (~400°C) of the Pbl, precursor, a low substrate temperature
could not be constantly maintained. Therefore, MAPbI; thin films degraded into the Pbl, phase. In contrast, for the
Pb(dpm), precursor, a substrate temperature of ~120°C was maintained because the sublimation temperature of Pb(dpm),
is as low as 130°C at a high vapor pressure. As a result, high-quality MAPbI; thin films were successfully grown on
glass substrates using Pb(dpm),. The rms (root-mean-square) roughness of MAPbI; thin films formed from Pb(dpm), was

as low as ~19.2 nm, while it was ~22.7 nm for those formed using Pbl,. The grain size of the films formed from

Pb(dpm), was as large as approximately 350 nm.
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Fig. 1. Schematic diagram of 3-zone CVD system for MAPbI;
thin film growth using (a) Pbl, and (b) Pb(dpm), with a MAI
precursor. Substrates were located at zone 1. Gas flow was car

ried from right to left direction.
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Fig. 2. (a) X-ray diffraction patterns of MAPDI; thin films deposited from 60°C to 120°C using Pbl, precursor. SEM surface
images of MAPDI; thin films deposited at (b) 120°C, (¢) 80°C, and (d) 60°C.
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Fig. 3. (a) Temperature profile of substrate and precursors as a

function of deposition time using Pb(dpm), as lead precursor

and (b) vapor pressure curve as a function of temperature of

Pb(dpm), precursor.
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Fig. 4. (a) X-ray diffraction patterns of MAPbI; thin films using
Pb(dpm), at different MAI sublimation temperatures, (b) absorbance
spectra of MAPbI; thin films at different MAI sublimation temperatures
from 180 to 200°C, and (c) grain size distribution of MAPbI; thin
films deposited at 200°C (MAI sublimation temperature).
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Fig. 5. SEM surface and cross-sectional images of MAPbI; thin

films using Pb(dpm), at different MAI sublimation temperature of (a)
and (b) 180°C; (c) and (d) 190°C; (e) and (f) 200°C, respectively.
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Fig. 6. AFM two- and three-dimensional images of MAPbI3
thin films deposited using (a) and (b) Pbly; (c) and (d) Pb(dpm),

precursors, respectively.
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