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With a bandgap ranging from 1.42 eV to 2.16 eV', lattice matched AlGaAs grown on GaAs substrate is a very
attractive material for high efficiency multi-junction photovoltaics, particularly it can be used as a top cell for Si based
tandem solar devices®.. However, there have been few reports on the growth of such materials for solar cells using
molecular beam epitaxy (MBE).

We report the study of Alp23Gag72As solar cells grown on GaAs substrate using a solid source MBE. We investigate
five different structures: (a) our reference sample with a “linear-profile” at interfaces, (b) a “p-i-n” structure, (c) an
“abrupt-profile” sample with a growth interruption at interfaces to create a step-like doping and composition profile,
(d) a “gradual” Al composition sample, and (e) a “gradual at high-temperature” sample grown at 680°C with a graded
Al composition; conventionally the growth temperature of our first four samples is at 560-570°C.

Material characterization was carried out using x-ray diffraction (XRD), hall-effect measurements and secondary-ion
mass spectrometry (SIMS). EQE and I-V measurements demonstrate that the “abrupt-profile” has the highest
efficiency of 1=9.93% with J=10.62 mA/cm?, Vo.=1.14V and FF= 82.05%. The higher current collection is due to
the better spectral response at shorter wavelengths, which is attributed to the decrease of carrier recombination at
emitter-window interface. Only the “high-temperature” structure exhibited a higher V,. than the “abrupt-profile”
which is due to its better material quality; however, on the other hand, its J,. was lower due to Ga desorption at high
temperature leading to an increase of its bandgap.

An inverted AlGaAs structure of the “abrupt-profile” was grown on a GaAs substrate, lifted-off and transferred by
BCB bonding technique onto a Si substrate. An anti-reflective coating (ARC) was deposited. We obtained an
efficiency of n=13.31% with a J=14.61 mA/cm?, Vo.=1.15V and FF=78.7%

Our work shows a proof of concept of a BCB bonding technique and that with further optimization our MBE grown
AlGaAs will be a promising candidate for high efficiency multi-junction solar cells.
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Figure 1. (a) Design of AlGaAs top cell BCB bonded to a Si wafer. (b) I-V characteristics of our reference sample “linear-profile” vs our best
cell “abrupt-profile”. (c) EQE of ‘linear-profile” cell vs “abrupt-profile” cell.
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