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can well fulfill low-cost production criteria even though it is normally a batch process.
Similarly, growth of the Cu(InGa)Se2 layer by batch selenization does not necessarily need
to be associated with higher costs than Cu(InGa)Se2 fabricated by in-line coevaporation,
provided the cycle time is short enough or batch size large enough.

The commercial availability of large-area deposition systems depends on the spe-
cific process. Sputtering deposition is widely used for fabrication of large-area thin-film
coatings of various kinds, for example, in the glass industry. Similar processes are used
in the fabrication of most Cu(InGa)Se2 modules for the Mo back contact and the TCO
front contact, so the same type of equipment, available from a number of suppliers, can
be used.

Sputtering is also typically used for deposition of the metal precursor films for fab-
rication of the Cu(InGa)Se2 layer by a two-step process. The selenization step, however,
requires specific custom-made process equipment. This could be selenization furnaces in
which batches of plates with the precursor layers are exposed to a selenium-containing
atmosphere or an in-line selenization chamber in which the plates are continuously
transported through an environment with elemental selenium and substrate temperature
control [208].

Elemental coevaporation of the Cu(InGa)Se2 layer requires custom-made equip-
ment including specially designed evaporation sources for uniform deposition of large-area
substrates with accurate control. In-line evaporation using linear sources is a straightfor-
ward approach that is being developed at several laboratories and companies. An example
of such a piece of equipment is illustrated in Figure 13.21.

The chemical bath deposition of CdS or Cd-free buffer layers is suitable for low-
cost batch processing, in that it is a surface-controlled process that requires a limited
solution volume. The equipment for dipping batches of Cu(InGa)Se2-coated substrate
plates is relatively simple and can be custom-made. The dry buffer deposition methods
under investigation have not been developed to a stage in which manufacturing is under
consideration.

Chemical vapor–deposited doped ZnO as an alternative to sputtering is typically
done as a batch process with a relatively small number of substrate plates deposited per
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Figure 13.21 In-line coevaporation system for Cu(InGa)Se2 with linear evaporation sources above
the substrate plates and heaters below them [Courtesy of Zentrum für Sonnenenergie- und Wasser-
stoff-Forschung (ZSW)]. Reproduced by permission of Michael Powalla, ZSW Stuttgart, 2001




