JosmA AR IER R S E

AR SE =
- pe e Information Device Science Laboratory
(FFHEEH .
=) (Prof. Yukiharu URAOKA)
FREA T 2121446
et SF106 4F 07 H 02 H
4 Sittan WONGCHAROEN "~ "
Perovskite thin film fabricated from radio frequency sputtering towards
g future solar cell applications
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Since the foundation of photovoltaic properties, metal-halide perovskite is well known as the young-potential material
for solar cell application due to its such as a high absorption coefficient greater than 5.7 x 104 cm™' at 600 nm, high carrier
mobility exceeding 20 cm?/Vs, low binding energy of exciton, and a broad absorption spectrum ranging from 400 to 800
nm. [1] These properties could lead to the swift-rise in power conversion efficiency demonstrated for this technology by
reaching from 3.81% to over 26% by improving the fabrication processes, interface modifications, and controlling the
perovskite compositions. [2] Moreover, the low-temperature process is developed for the flexible perovskite solar cells
(PSCs) due to the ease of fabrication, thus, many state-of-art applications were expected for high efficiency solar cells.

Perovskite thin films are generally fabricated by solution-based process via single spin-coating method, which
continues to attract many attentions due to its straightforward, simple, and efficient procedure. However, solution-based
processes for fabricating PSCs face several challenges, including poor surface coverage, solvent residue, and significant
material waste, raising concerns about environmental sustainability and production costs. [3-4] To address these issues,
vacuum-based processes via radio frequency (RF) sputtering method have been developed for PSC fabrication. This method
provides advantages in terms of precise film formation and high uniformity even on complex geometry substrates. [5]
Moreover, the major advantage of RF-sputtering is the potential to tailor the morphological structure of the sputtered film
by adjusting sputtering parameter, allowing the optimization of perovskite characteristics.

Motivated by the advancements and potential to further develop RF-sputtering-based method, the perovskite thin films
fabricated from RF-sputtering and post-conversion through two-step gas-phase reaction were proposed in this thesis as
shown in Fig. 1. The optimization of sputtering parameters and post-conversion processes was also studied to seek for the
optimal structure for perovskite thin films towards PSCs applications. The outline and summary of each chapter are described
as follows,

In chapter 2, perovskite thin films fabricated from RF-sputtering were proposed using lead sulfide as a perovskite
precursor. Two-step gas-phase conversion were carried out to convert the lead sulfide film to lead iodide via iodine
sublimation at room temperature for 60 h and methylammonium lead iodide (MAPDI3) film via methylammonium (MAI)
evaporation with the annealing temperature optimized at 140 °C for 2 h. The achieved films presented in great uniformity
and excellent surface coverage over the textured silicon substrate with the pyramid shape. Furthermore, the substrate
temperatures played an important role on the morphological change from porous-disordered to fibrous-interconnected grain

to reduce the effects of grain-boundary defects. The change in the grain structure could promote less light scattering resulted




in more responsive in visible region, consequently, enhancing the carrier extraction and carrier lifetime.

In chapter 3, target-to-substrate distance and sputtering pressure was further varied to study the effects on the MAPbI3
films fabricated from RF-sputtering. Although, the longer of target-to-substrate distance promote the grain-growth due to
reduced kinetic energy, the films also presented significantly poor crystallinity regarded fewer perovskite crystal sites led to
increase non-radiative recombination and reduced charge carrier generation. On the other hands, higher sputtering pressures
transformed the films from dense to porous structure with more disordered crystal growth. Moreover, the higher sputtering
pressures led to form the larger grain with fewer grain-boundaries to improving charge transport properties confirmed by
higher absorption coefficients in the visible region to improve the light collection and reduced carrier recombination.
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constrains of the perovskite thin film fabricated from

RF-sputtering. The results showed significantly low
current density-voltage (J-V) characteristics due to

many factors: (i) Inappropriate PSCs structure due to p-
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resistance value; (iii) Poor crystallinity and grain- Figure 1 Fabrication flow of perovskite thin films

boundaries, which attributed to low current density in fabricated from RF-sputtering.

perovskite material.

Overall, this thesis proposed complete fabrication of perovskite films via RF-sputtering, which provided advantages
onto the morphological control to enhance properties of the perovskite films. However, PSCs using these films remained
significant low performance, indicating the necessity to improve the quality of the films to reach higher potential to be

appropriate for the PSC devices.
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