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Epitaxy and optical characterization of Cu(ln,Ga)Se2 solar cells absorbers

The chalcopyrite alloy Cu(In,Ga)Se, has successfully entered the stage of thin film solar cell mass
production with module efficiencies of up to 13.8%, and world record efficiencies of over 20% for lab scale
devices.

In spite of this very successful development, a lot of issues on material properties and resulting loss
mechanisms in the absorber material are only partly understood and need further fundamental
investigation.

In this talk we will focus on the ternary end-composition CulnSe, and will discuss the effect of the Cu/In
ratio on the structure and quality of the absorber. Samples were grown by metal organic vapor phase
epitaxy (MOVPE) and were investigated by photoluminescence (PL), optical transmission spectroscopy,
and energy dispersive X-ray spectroscopy (EDX).

Our results show that the Cu/In ratio of the absorber material determines the band gap of the absorber and
has a significant influence on the absorber quality in terms of splitting of the quasi-Fermi levels. For higher
copper contents we find slightly higher band gap values, and a significantly larger splitting of the quasi-
Fermi levels, which is a good measure for the prediction of the open circuit voltage in a finished solar cell.
Our results indicate that an increase of the copper excess during growth (Cu/ln-ratio > 1) leads to an
increased potential open circuit voltage.

In contrast to this prediction, today’s highest efficiency cells are made from slightly copper deficient
absorbers. However, this behavior has been explained by higher recombination rates at the junction
interface between the copper rich CISe layer and the front contact. The higher potential of the cupper rich
material can be exploited with an improved junction interface.
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