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Since 2012, Japanese government has started the Feed in Tariff (FIT) to spread the renewable
energy, which resulted in the increase in the introduction amount of photovoltaic system. However,
the new introduction number of photovoltaic systems is not increasing as expected for the reduction
of the purchase price of electricity. The reason is that the generation cost is high and the area that can
be installed economically is limited. The cost was over 20 ¥/kWh at 2015 in Japan. This was about
1.7 times higher than other power generation methods. Therefore, it is important to reduce the power
generation cost to 13 ¥/kWh or less, which is comparable to that of the thermal power generation.
Since Cu(In,Ga)Se; materials have high light absorption coefficient, which enables the absorber
layer as thin as 2 um and thus the amount of material usage can be reduced. Therefore, it is expected
that the power generation cost can be reduced. However, since general Cu(In,Ga)Se, solar cell
elements are formed by intermittent processes on glass substrates and material loss is large, then the
manufacturing cost cannot be reduced as expected. Also, it is not easy to install because of its
hardness and heavy weight. As a suitable method of forming a Cu(In,Ga)Se, solar cell, a
manufacturing method of flexible and lightweight solar cells produced by a roll-to-roll process using
a flexible substrate is proposed.

Prior to this research, a vacuum deposition process of p-type semiconductor Cu(In,Ga)Se; which
is suitable for roll to roll process, so called “multi-layer precursor method” on a stainless-steel
flexible substrate was established. When n-type semiconductor CdS was used as the buffer layer on
Cu(In,Ga)Se, the high conversion efficiency of 18.6%, which is the highest level in the world, was
achieved.

In this research, a method for forming Cd-free buffer layers suitable for roll-to-roll process of



solar cells aiming to realize the flexible and lightweight solar cell with low cost has been proposed.
At first, Zn(O,S,0H) was deposited by wet process so-called chemical bath deposition (CBD)
method as a Cd free buffer layer on Cu(In,Ga)Se, formed by the multi-layer precursor method on
stainless steel substrate. Though the conversion efficiency was 8% immediately after fabricating the
solar cells, but the conversion efficiency was improved up to 14.8% after 2 hours illumination of
simulated sunlight. However, when the solar cell was left in the dark, the conversion efficiency was
decreased by half within 8 hours, and it was decreased to the initial value in 24 hours. This
phenomenon should be a problem in practical use. Therefore, the mechanism of the decrease was
investigated. It was found that the resistance of Zn(O,S,0OH) film was decreased when it was
irradiated with light and it was related to the reduction of the series resistance of the solar cell. It was
also found that the rate of decrease in resistance was slowed by increasing the amount of adsorbed
moisture in Zn(O,S,0H) film. The decrease in resistance due to the absorption of moisture was
proceeded even at the normal temperature and humidity. As described above, when using the Cd free
buffer layer formed by the presently proposed CBD method, high conversion efficiency can be
achieved. However, to maintain the high level of the efficiency, the solar cells must be sealed with
an expensive moisture barrier film or glass having high moisture barrier performance. Therefore, |
concluded that the realization of inexpensive, flexible and light weight solar cells is difficult if CBD
method was used for the deposition of buffer layers.

Next, a sputtering method which can industrially and stably form thin films with roll-to-roll
process was investigated. The method does not generate OH group at the film deposition. In order to
improve the conversion efficiency which was a problem in forming the buffer layer by the sputtering
method, the interface state between Cu(In,Ga)Se, and the buffer layer and the plasma damage during
sputtering were studied. As a result, it was found that the conversion efficiency is deteriorated as the
surface oxidation of the Cu(In,Ga)Se; film progresses. It was also found that the surface of the
Cu(In,Ga)Se; is oxidized by the small amount of oxygen in the plasma, so that the conversion
efficiency decreases.

Based on the results of this study, the (Zn,Mg)O Cd-free buffer layer was deposited on
Cu(In,Ga)Se: films with suppressing surface oxidation and the plasma damage using high magnetic
field cathode. As a result, high conversion efficiency equivalent to that of a solar cell with CBD
buffer layers (CdS:11.5%, (Zn,Mg)0:11.1%, Efficiency ratio ((Zn,Mg)O/CdS) = 97% ; Glass
substrate) was achieved. lIdeally, it is necessary to eliminate the surface oxidation of the
Cu(In,Ga)Se; films. Therefore, | have proposed a roll to roll vacuum consistent film deposition
process that can deposit buffer layer without breaking vacuum after depositing Cu(In,Ga)Se; film.



