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Crystal Orientation Control of Lead Halide Perovskite Solar Cell

Thesis Summary

Perovskite solar cell (PSC) is a next-generation solar cell which has attracted much attention as light
and flexible device in recent years. Within 15 years of their discovery, its power conversion efficiency
rapidly improved and achieved 26.7 % as of 2024. One of the most typical perovskite materials is lead
halide perovskite (CH3NH3Pbl3, MAPbI3). MAPbDI; is excellent material because of its properties, which
include a bandgap that enables the absorption of visible light, a light-absorption coefficient which is
sufficient to absorb light with a thickness of several hundred nanometers, a carrier-diffusion length
which can diffuse such thickness. However, carrier recombination at the MAPbIs/carrier transport layer
interface degrades the PSC performance. Even though MAPDI3 generates many carriers, carrier
recombination decreases the extractable current.

In this thesis, organic semiconductor buffer layer (OSBL) was used as carrier transport layer and the
focus is on the growth process of MAPbI; on OSBL. Three types of OSBLs were used in this thesis:
rubrene, pentacene and newly proposed rubrene/pentacene bilayer (r/p bilayer). Rubrene was used for
promoting the epitaxial growth of MAPbI3 on rubrene. Pentacene was used to guarantee the oriented
rubrene layer. The purpose of this study is to enhance the adhesion of MAPbI3;/OSBL interface and to
suppress the carrier recombination by properly preparing OSBL and realizing the orientation control of
MAPDI3, which can result in improvement of PSC performance.

Chapter 1 provides an overview of energy problems faced by the international community, the
important roles of PSC in this movement, the research trends and issues of PSC, and the purpose and
characteristics of this doctoral research dissertation.

Chapter 2 introduces the reagents and equipment in this study followed by demonstration of sample
preparation including alternative vapor deposition and two-step method for MAPbI3.

Chapter 3 presents optimization of OSBL deposition, followed by MAPbI; layer construction by
depositing methylammonium iodide (CH3NH3I, MAI) and Pbl> with the alternative vapor deposition.
The deposition condition for MAPbI; with minute amounts of residual Pbl, was established. Then, PSC
with 1/p bilayer showed the best conversion efficiency compared to PSCs with other OSBLs.

Chapter 4 describes MAPDI; layer construction with the two-step method, where the vapor-deposited
Pbl; film was immersed into MAI solution. After the deposition condition for MAPbI3 with almost no
residual Pblo was determined, grazing incidence wide angle X-ray scattering suggested higher
orientation of MAPDI3 crystals on r/p bilayer. Finally, PSC with r/p bilayer prepared with the two-step
method showed better performance than that with the alternative vapor deposition.

Chapter 5 gives a summary of this thesis and future perspectives.




