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研究成果の概要（和文）：メタルハライド・ペロブスカイト（PVSK）太陽電池の研究が進められていますが、こ
の太陽電池技術を実用化に向けて前進させるためには、高い太陽エネルギー変換効率、長期安定性を持つスケー
ルアッププロセスの開発が重要です。私たちの研究から得られた主な成果は以下の通りです。(1)ハイブリッド
化学蒸着法（HCVD）に適したPVSK太陽電池材料の合成、(2)PVSK太陽電池モジュールの製造、(3)メチルアミンガ
スの処理。

研究成果の概要（英文）：In the current stage of metal halide perovskite (PVSK) solar cell research, 
development of up-scaling processes with high solar energy power conversion efficiency, long-term 
stability, and minimum toxicity is important for moving forward this photovoltaic technology towards
 commercialization. The main findings from our research includes: (1) synthesis of suitable PVSK 
solar materials for the hybrid chemical vapor deposition (HCVD) process; (2) fabrication of PVSK 
solar modules; (3) methylamine-gas treatment.

研究分野： 表面科学と半導体電子デバイス

キーワード： 金属ハロゲン化物ペロブスカイト　太陽光発電技術　スケールアップ試験　太陽光パネル　ハイブリッ
ド化学蒸着　稼働寿命　パッシベーション効果　太陽エネルギー

  ２版

令和

研究成果の学術的意義や社会的意義
当研究チームは、HCVD技術とメチルアミンガス処理を用いたプロセスのスケールアップという主要な課題を達成
した。Cs0.1FA0.9PbI2.9Br0.1ペロブスカイトにより、10cm×10cmの基板上に効率9.3%の熱に耐久性のある安定
した太陽電池モジュールをHCVD法で作製することができた。HCVD法で作製したCsを用いたペロブスカイト太陽電
池の動作安定性試験では、太陽光1 SUN、25℃という現実的な光の照射下で、T80寿命が約500時間であった。こ
の結果は、高効率、安定性に優れたペロブスカイト型太陽電池技術を実現するために、HCVDを使用することが有
望な方向性であることを示している。

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属します。
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１．研究開始当初の背景 

 

Metal halide perovskite (PVSK) solar cells brought high expectations as the 

next-generation photovoltaic technology because of the readiness to form long-range 

ordering in crystal structure, abundance of raw materials, and easy manufacturing 

processability under 150 oC temperature. Currently, the best lab-scale single cells 

using PVSKs have reached extraordinary efficiencies as high as 25.5 % 

(https://www.nrel.gov/pv/cell-efficiency.html). However, these current state-of-the-

art perovskite single cells have relatively small active areas (<1 cm2), which is 

impractical for realistic applications. Therefore, it is important to develop up-

scaling processes (>100 cm2) with high solar energy power conversion efficiencies 

(PCEs) and stability. In this proposal, strategies to develop processes aiming at high 

PCE, high-throughput, and minimum batch-to-batch variation, and compatible with large-

area perovskite solar cells and modules were aimed based on our (i) hybrid chemical 

vapor deposition (HCVD) and (ii) methylamine (MA) gas treatment. 

 

２．研究の目的 

 

Similar to many other PVSK fabrication methods, PCE of PVSK solar cells grown by HCVD 

drops with increasing active area. In our current understanding, two challenges lead 

to low efficiencies in large area PVSK solar cells: 

(1) PVSK morphology: Although HCVD has demonstrated initial success in growing uniform 

perovskite films, the quality of these films need be further improved.  

(2) Sheet resistance of transparent conducting oxide (TCO): For large area solar 

modules, sheet resistance of TCO becomes increasingly important, because charge 

carriers need to travel long distances before being collected by electrodes. 

 

３．研究の方法 

 

The proposed strategies for large-area PVSK solar modules were developed based on the 

following three tasks: 

(1) Synthesis of suitable PVSK materials for the HCVD process. There are a large number 

of precursor molecules with tailored functionalities as candidates for synthesizing 

PVSK materials. Particular emphasis was given in fabricating these PVSK materials by 

making use of our newly developed method of HCVD. 

(2) Fabrication of PVSK solar modules. Solar modules with large areas based on promising 

PVSKs identified in Task (1) were fabricated. Standard characterization techniques 

(current density vs voltage under simulated sun light, internal quantum efficiency, 



and impedance spectroscopy) were carried out. Furthermore, long-term stability of above 

large area devices were tested under realistic continuous operation conditions with 

AM1.5 sunlight power illumination, 85 oC temperature, and 85% relative humidity. 

(3) MA-gas treatment. The polycrystalline nature of PVSKs cause thin-films to be non-

uniform with disconnected grains. The spaces in grain boundaries allow unwanted direct 

contact of electron and hole extraction layers, increasing carrier recombination. 

Therefore, thin-film morphology control is essential in attaining high PCEs. Previously, 

the MA-gas treatment method was demonstrated to be versatile in “healing” and 

improving further PVSK thin-film quality (Qi and coworkers, J. Mater. Chem. A 4, 2016, 

2494-2500). We further developed a method of MA-gas exposure applied for large-area 

PVSK films. 

 

４．研究成果 

(1) Synthesis of suitable PVSK materials for the HCVD process. We have achieved the 

main tasks of up-scaling processes based on our HCVD technique ○1 -○3 . Interface 

engineering ○3  and thermally stable Cs0.1FA0.9PbI2.9Br0.1 perovskite allowed HCVD 

fabrication of large area solar modules with efficiencies of 9.3% fabricated on 10 cm 

x 10 cm substrates (designated area of 91.8 cm2) ○2 . Operational stability tests of 

HCVD prepared Cs-based perovskite solar modules showed the T80 lifetime of ~500 h under 

the realistic light illumination of 1 sun and 25 oC. The short lifetime of perovskites 

in solar cells/modules is currently a major issue impeding further commercialization. 

Substantial fundamental knowledge on the degradation processes in perovskite materials 

were obtained ○4 -○6 . Our works revealed the existence of reversible (CH3NH2 + HI) and 

an irreversible (CH3I + NH3) decomposition reaction in CH3NH3PbI3 perovskite ○4 . 

Subsequent strategies for improving stability are currently being studied in my group 

○7 . 

(2) Fabrication of PVSK solar modules. Most of perovskite solar modules (PSMs) have 

been fabricated employing TiO2 as electron transport layer (ETL), which requires high 

temperature processing and also results in instability issues. We have developed a 

room temperature sputtered SnO2 ETL fabrication protocol (under highly oxidizing 

reactive environment) for attaining high quality SnO2 films ○3 . High-efficiency 

perovskite solar cells with 20.2% PCE and PSMs (5 cm x 5 cm) with 12.03% PCE were 

demonstrated. The extrapolated T80 operational lifetime of the solar module was 515 h, 

with a PCE decay rate of ~0.04% h−1. In another study, carbon electrode-based perovskite 

solar cells have been recognized as a competitive low-cost candidate toward future 

practical applications ○8 . We developed a low-cost carbon-based electrode that utilizes 

a cheap small-molecule semiconductor copper phthalocyanine (CuPc) as interface modifier 



and dopant simultaneously. The modified carbon paste was applied in the fabrication of 

a flexible solar module using a 5 cm × 5 cm generating PCE of ~6% ○8 . The progresses 

on perovskite solar modules have been summarized in an invited review article ○9 . 

(3) MA-gas treatment. We have further progressed to improve our CH3NH2-treatment method 

leading to monolithic-type grains in perovskite films ○10. On the basis of the gas−solid 

reaction with CH3NH2 gas combined with chlorine-incorporated hydrogen lead triiodide, 

MAPbI3(Cl) perovskite films with thickness over 1 μm were fabricated in ambient 

conditions. Our proposed method significantly improved the grain boundary-related 

issues, which is reflected in high reproducibility with average PCE of 19.1% and low 

PCE standard deviation (±0.4%). Our protocol enabled an active area PCE of 15.3% for 

5 cm × 5 cm PSMs. The un-encapsulated PSCs exhibited an excellent T80 lifetime 

exceeding 1600 h under continuous operation conditions in dry N2 environment. This work 

demonstrates that the use of thick absorber films to realize perovskite-based 

photovoltaic technology with high efficiency, reproducibility, and stability is a 

promising direction. Further investigations are being conducted in my group employing 

HCVD and MA-gas treatment strategies. 
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