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Abstract 

On the basis of concerted research efforts worldwide, 

there is no doubt that outstanding power conversion effi-

ciency (PCE) can be achieved in perovskite solar cells. 

However, to move forward this technology towards com-

mercialization, developments of up-scaling processes with 

high PCE and stability is important. At OIST, a team of 

researchers in the Energy Materials and Surface Sciences 

Unit has been making concerted efforts to develop pro-

cesses aiming at high PCE, high-throughput, and mini-

mum batch-to-batch variation, and compatible with 

large-area perovskite solar cells and modules. In this talk, 

we will present our recent progress using chemical vapor 

deposition and spray coating to fabricate perovskite solar 

cells and modules. Also, we will introduce a novel methyl-

amine gas-induced crystallization process, which provides 

insights into the formation of perovskite films.  

 

1. Introduction 

Organic-inorganic hybrid perovskites (e.g. MAPbI3, 

FAPbI3, etc; where MA = CH3NH3
+; FA = CH(NH2)2

+) with 

mixed compositions including Cs have been intensively stud-

ied for solar cell applications [1, 2]. Based on published 

works, there is no doubt that exceptional solar-to-electricity 

power conversion efficiencies (PCEs) can be achieved with 

perovskites. However, the current state-of-the-art perovskite 

solar cells have relatively small active areas (<0.3 cm2). De-

velopment of up-scaling processes with high solar energy 

PCEs and stability is important for moving forward this tech-

nology towards commercialization [2-6]. At OIST, a team of 

researchers in the Energy Materials and Surface Sciences 

Unit has been making concerted efforts 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. 

 

In this talk, we will present our progress to use hybrid 

chemical vapor deposition (H-CVD) [7-11] and spray coating 

[12, 13] to fabricate perovskite solar cells and modules. In 

particular, CVD is a technology widely employed in many 

industrial applications demonstrating potential for scale up. 

In addition to high throughput sample processing, the CVD-

based batch processing improves sample-to-sample uni-

formity. Our H-CVD process allows fabrication of MAPbI3 

and FAPbI3 based solar cells with PCEs up to 15.6% (MAI, 

0.09 cm2) and 5  5 cm2 modules with 9.5% (FAI, 5-cell mod-

ules, total active area 8.8 cm2) and 9.0% (FAI, 6-cell modules, 

total active area 12 cm2). We have also investigated the scal-

ing issues by fabricating modules using an established 

MAPbI3 solution process, and demonstrated maximum PCEs 

of 18.3% (MAI, ~0.1 cm2), 14.6% (MAI, ~1 cm2 single cells), 

and 8.5% at 5  5 cm2 (MAI, 6-cell module, total active area 

15.4 cm2) [8]. In addition, a method to fabricate CsxFA1−xPbI3 

by performing Cs cation exchange on H-CVD grown FAPbI3 

with the Cs+ ratio adjustable from 0 to 24% will be reported. 

The champion perovskite module based on Cs0.07FA0.93PbI3 

with an active area of 12.0 cm2 shows a module PCE of 14.6% 

and PCE loss/area of 0.17% cm−2, demonstrating the signifi-

cant advantage of this method toward scaling-up [11]. 

 

Also, we will introduce a novel methylamine (CH3NH2) 

gas induced crystallization process [14-16], which provides 

valuable insights into the formation of perovskite films. We 

described for the first time the formation of stoichiometric 

perovskite in ambient air by exposing PbI2 films to a simple 

CH3NH2 gas precursor (as opposed to CH3NH3I solid pow-

ders). This non-stoichiometric reaction produces Pb oxides as 

by-products, which can be reconverted by further HI gas ex-

posure. With combined measurements of the X-ray diffrac-

tion, X-ray photoelectron spectroscopy, and UV-vis proper-

ties, we elucidate the chemical reaction mechanisms underly-

ing these gas-induced processes [15]. In addition, we demon-

strated that a post-annealing treatment using methylamine 

greatly reduces impurities at the perovskite grain boundaries 

and promotes continuity between adjacent grains [16]. Our 

fabricated solar cell devices based on methylamine gas in-

duced crystallization process and methylamine post-anneal-

ing treatment led to efficiencies of 15.3% [15] and 18.4% [16], 

respectively. Finally, we demonstrated that such a gas-in-

duced process enables preparation of high-quality perovskite 

films with large areas and high stability [15, 16]. 
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