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ABSTRACT

Perovskite solar cells (PSCs) are attracting attention as a next-generation thin-film solar cell based on their high efficiency.
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Technologies to commercialize PSCs for power generation and special purposes have been being developed. Since the PSCs
are manufactured using a solution process, the development of a roll-to-roll (R2R) process to mass-produce flexible solar cells
at low cost can be a stepping stone for commercialization. In order to manufacture high-quality perovskite solar cells through
the R2R process, the perovskite material and charge transport materials must be formed in a roll-based continuous and scalable
method. Gravure printing has the advantage of being able to directly form patterns on a substrate. The R2R process has limi-
tations that were not considered in the existing sheet-to-sheet process to fabricate unit cells in terms of process temperature,
process time, and environmental management. In this paper, we share the current status of R2R gravure printing process develop-
ment for perovskite solar cells and discuss issues to be considered and problems to be solved during R2R process design.
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Fig. 1. (a) Schematic for roll-to-roll (R2R) Gravure printing, (b) a printed pattern of the perovskite thin film formed by
gravure printing, adapted with open access from [27], (c) a leaf-shape organic photovoltaic that is fabricated by
R2R Gravure printing, adapted with open access from [16].
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Fig. 2. Comparison of the dependence of definition of Gravuire-printed patterns on viscosity and transfer volume of the
perovskite ink: Adapted with open access from [22]. (a) 1.4 M and (b) 1.97M of (FAPbI3)9s(MAPbBr3)0¢s ink
are used, respectively. The amount of ink transferred decreases as it goes up and to the right of the pattern.
(c,d) Pbl, films formed by Gravure printing for the 2-step process without (c) and with (d) the polymer
additive that increase viscosity of the ink. The ink with the additive has little spread on the pattern.
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open access from [22]. (a) Gravure printing of the perovskite ink, (b) intermediate phase of the perovskite layer
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PSCs: Perovskite solar cells

R2R: Roll-to-roll process

S2S: Sheet-to-sheet

MA: Methylammonium

FA: Formamidinium

ITO: Indium tin oxide

PET: Polyethylene terephthalate

PEN: Polyethylene naphthalate

Spiro-OMeTAD: 2,2',7,7'-Tetrakis[N,N-di(4-methoxy
phenyl)amino]-9,9'-spirobifluorene

P3HT: 3-hexylthiophene-2,5-diyl

DMF: Dimethylformamide

DMSO: Dimethyl sulfoxide
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