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The Munich-based AVANCIS' R&D Pilot line drives the efficiency development of medium-sized
30x30cm2 CIGSSe modules using the AVANCIS' SEL-RTP process (stacked elemental layer – rapid
thermal processing) in combination with a dry Cd-free PVD buffer process. Applied buffer processes
comprise the thermal evaporated InxSy:Na buffer as well as the sputtered Zn(O,S) buffer.
The band gap of the absorber layer, especially the band gap at the absorber surface, can be varied in the
SEL-RTP process by a) the Gallium (Ga) content in the precursor layer, i.e. the sputter target and/or b) the
Sulphur (S) content incorporated during the RTP process.
In this presentation we will illustrate how the band gap tuning for the InxSy:Na buffer system is achieved by
varying the Na content in the buffer layer during the thermal evaporation process, and how the tuning is
achieved in case of the Zn(O,S) buffer system by varying the S/S+O content in the purchased sputter
targets.
The presented efficiency improvement results from a systematic increase of the absorber band gap in
combination with a buffer layer with well-aligned band gap towards the absorber surface. Our current
30x30cm2 champion module surpasses the 18% efficiency level with an in-house measured value of 18.2%
(see Figure 1) for an InxSy:Na-buffered device.
We will show how the appropriate matching of the buffer band gap towards the absorber surface band gap
for the two buffer materials InxSy:Na and Zn(O,S) affects the diode parameters as extracted from the
respective I-V curves based on the 1-diode-model. The band alignment of the wider band gap absorber with
the wide band gap buffer layers leads to an improvement of the open-circuit voltage Voc as wells as the fill
factor FF at the expense of the short-circuit current density Jsc (see Figure 1).

Figure 1:

30x30cm2 champion efficiencies for CIGSSe stacks with low S/Ga absorbers
and low Na buffers (blue, externally certified) as well as with high S/Ga
absorbers and high Na buffers (red, in-house measurement).

