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Multijunction solar cells allow to exceed the Shockley-Queisser limit due to improved conversion

of different solar spectral parts in different subcells.1,2 At present, realized efficiencies are as high

as 43.5%.3 Due to the complexity of the device, the optimization procedure required to realize

best possible efficiencies becomes difficult.

The common optimization procedure is to measure current-voltage curves and external quan-

tum efficiency of the device under short circuit condition,4,5 or in an advanced approach under

several different bias conditions.6 The latter approach accounts for the voltage dependent carrier

collection efficiencies in solar cells, a well established method in a-Si solar cell technology.7 How-

ever, since subcells are not directly accessible, highly complex light biasing or measurement on

separately grown subcells are required to obtain the necessary data.8 These introduce uncertain-

ties, possibly shading the actual problem point of the grown tandem structure by an additional

unknown parameter.

In this work, we apply a simple time-resolved optical analysis of a high efficient triple junction

solar cell device for space applications. Optical excitation and detection of photoluminescence

(PL) allow each subcell to be separately excited and probed. We present the time-resolved PL

dynamics of top and middle subcells, and explain their behaviors with a rate equation model

based on the uniform field approximation. Our new optical characterization technique allows

to obtain the required voltage dependent carrier collection efficiency with high accuracy in each

subcell, even if it is not physically contactable. The accurate assessment of the voltage depen-

dent carrier dynamics with time-resolved techniques allows to identify the part of the device

which requires further optimization.

The authors thank Dr. M. Yoshita and Dr. S. Chen for discussions. This work was supported

by CREST, Japan Science and Technology Agency (JST).

1 W. Shockley and H. J. Queisser, J. Appl. Phys. 32, 510 (1961).
2 A. D. Vos, J. Phys. D Appl. Phys. 13, 839 (1980).
3 M. Yamaguchi and A. Luque, Photovoltaic Specialists Conference (PVSC) IEEE 39th, 1662 (2013).
4 R. Hoheisel, F. Dimroth, A. W. Bett, S. R. Messenger, P. P. Jenkins, and R. J. Walters, Sol. Energy

Mat. Sol. Cells 108, 235 (2013).
5 M. Meusel, C. Baur, G. Letay, A. W. Bett, W. Warta, and E. Fernandez, Progr. Photovolt: Res. Appl.

11, 499 (2003).
6 S. Hegedus, D. Desai, and C. Thompson, Progr. Photovolt: Res. Appl. 15, 587 (2007).
7 R. S. Crandall, J. Appl. Phys. 54, 7176 (1983).
8 Q. H. Fan, X. Liao, X. Xiang, C. Chen, G. Hou, X. Cao, and X. Deng, J. Phys. D: Appl. Phys 43

145101 (2010).

第 75 回応用物理学会秋季学術講演会　講演予稿集（2014 秋　北海道大学）

Ⓒ 2014 年　応用物理学会

18a-A28-9

14-229


