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Abstract:

This paper presents the experimental results for the durability of inverted metamorphic (IMM)
triple-junction solar cells in deep space environments. Recently, the IMM solar cells have been enthusiastically
developed because it is possible to contribute to a reduction in the weight of solar array paddles due to their
high efficiency and thin-film structure. In near future, the IMM solar cells are expected to be mounted on
spacecraft in place of conventional rigid solar cells. On the other hand, ISAS/JAXA is planning to widespread
planetary exploration missions. However, planetary probe will be exposed to various environments that are
different from Earth orbiting satellites; for example, high solar intensity and high temperature (HIHT) for inner
planets missions and low solar intensity and low temperature (LILT) for outer planet missions. Therefore, to
apply the IMM solar cells to these deep space missions, it is necessary to evaluate the durability of the IMM
solar cell under the simulated environments.

In this study, continuous sunlight exposure tests to the IMM cells were conducted under the LILT and
HIHT conditions (i) to examine a deterioration prediction method for optimal design of solar array paddles and
(i1) to clarify the dependence of temperature and solar intensity on the degradation of the cell performance. 2
cm x 2 cm bare IMM cells were subjected to the LILT condition at -90°C under 0.2 suns for 2468 hours while
the HIHT conditions for 1000 hours which combine the temperature of 220, 150 and 100°C and the solar
intensity of 5 and 2 suns.

The results of the LILT exposure test indicate slight degradation in Isc and Pmax of 2%, and thus
demonstrate the utility to outer planetary exploration. On the other hand, in the HIHT environments, the
dependence of temperature and solar intensity on the cell degradation could be obtained systematically, but a
large degradation was observed especially in Voc. Therefore, the identification of this degradation cause
should be preferentially studied. In addition, the results of the HIHT continuous exposure tests also suggest
that the degradation is attributed to the increasing in leak current due to the deterioration in the cell shunt
resistance, that the cell performance is gradually decreasing but suddenly, and that there is a dependency of
both sunlight intensity and temperature on the cell degradation. As a factor of the leak occurrence, mechanical
stress to the cell is suspected from the inspection of the sample appearance after the tests. As future works, we

continue to consider these concerns of the IMM cell degradation caused by the HIHT continuous exposure.
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