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Investigation of Carrier Transport in the
Strain-balanced-superlattice Solar Cells from the Non-radiative
point of view

Ryohei IWANAGA, Tsubasa NAKAMURA, Airi WATANABE, Tsubasa AKI,
Masakazu SUGIYAMA, Tetsuo IKARI, Atsuhiko FUKUYAMA

Abstract

We investigated the carrier transport properties in superlattice (SL) embedded p-i-n GaAs solar cells by using
Piezoelectric Photo-Thermal (PPT) spectroscopy that detected the non-radiative recombination of photo-excited
carriers. Two samples with different SL were prepared. One was InGaAs/GaAsP SL and other was GaAs-interlayer
inserted SL to relax the strain caused by the lattice mismatch. From the comparison with the theoretical calculation,
we concluded that observed distinctive peaks below the band gap of GaAs substrate were due to the optical transition
from the first quantum level of heavy hole to the first quantum level of electron (el-hhl). The temperature
dependence of their PPT signal intensities was well explained by the carrier relaxation models consisting of four
processes: radiative and non-radiative recombination in SL, thermal escape to the barrier layer (ES process), and
tunneling through miniband after thermal excitation from the lower to the upper levels (TATE process). The
activation energy AErxrg for the interlayer sample was 0.144 ¢V, this was smaller than the activation energy AEgg of
0.259 eV for the barrier-2.0-nm sample. Moreover, the TATE process was also found to be dominant in all processes
at 300 K from the calculation of the relevant lifetimes. As a result, the insertion of an interlayer resulted in the SL
embedded solar cells with a higher efficiency than conventional multiple quantum well embedded solar cells.
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