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Abstract:

Light-weight thin-film-type solar cells can be used in a wide range of applications because they can be set
anywhere; moreover, they can be folded when not in use to save storage space. Thin-film-type solar cells can also be
used in electronic devices such as environmental sensors and 10T devices. For aerospace purposes such as solar cells
for space satellites, light-weight and thin-film-type solar cells with high efficiency are desired because of the
restrictions of payload and space for satellites in a launch vehicle. Light-weight thin-film-type perovskite solar cells
with very high energy conversion efficiency could be a solution for the aforementioned problems.

In recent years, perovskite solar cells comprising lead, methylammonium, and halogen have attracted much
attention because of their high energy conversion efficiencies (>20%). Another advantage of perovskite solar cells is
that they can be prepared by printing on plastic films. However, fabrication of perovskite solar cells on plastic films
is associated with many difficulties. For examples, plastic films are damaged by organic solvents such as N,N-
dimethylformamide (DMF) and y-butyrolactone (GBL); moreover, treatment temperatures must be below 150 °C.

Therefore, in this study, we investigate new methods to solve these problems. One goal is to replace DMF and
GBL with water and alcohol, respectively, for perovskite formation. DMF and GBL are used for dissolving lead
compounds such as Pbl,, PbBr», and PbCl,. However, DMF and GBL (particularly DMF) are harmful and they have
high boiling points (~200 °C). Therefore, we studied Pb(NOs3)., lead nitrate, as a lead source, which can be dissolved
in water. First, lead nitrate aqueous solution is spin-coated on electrode substrates. Then, the electrodes are immersed
in methylammonium iodide 2-propanol solution and taken out of the solution. The electrodes are then dried and
heated to 100 °C for 15 min to form a perovskite film. The energy conversion efficiencies of the perovskite solar cells
prepared by this method are comparable to those of the solar cells prepared by other methods. Another advantage of
using the water and 2-propanol system is the facile preparation and its low environmental impact.

Another goal of our study is to fabricate TiO electrodes by a low-temperature process. For highly efficient
perovskite solar cells, a TiO2 semiconductor layer is usually needed. However, the fabrication of 300-nm-thick TiO,
semiconductor films requires high-temperature calcination (500 °C), which cannot be used for plastic films. Therefore,
we herein investigate the brookite phase structure of TiO,, even though it is the anatase phase of TiO; that is widely
used. Using brookite TiO,, we prepared a TiO2 semiconductor film by using a low-temperature process on a plastic
film and achieved an energy conversion efficiency of 17%.

In summary, by applying these methods, we will try to fabricate solar cells on polyimide films or aluminum foils

to realize light-weight thin-film-type perovskite solar cells that can be used for astronomical applications.
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