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Hybrid heterojunction solar cells using single-walled carbon nanotubes and amorphous
silicon thin films

Most of the daily encountered optical and electronic devices constitute of transparent
conductors. However, all the present available transparent conductors are n-type
semiconductors, thus restricting technological advancement. The emergence of
singe-walled carbon nanotubes (SWCNTSs) as p-type transparent conductors has been
promising due to its extraordinary optical, electrical, chemical, and mechanical
properties. Thin films of randomly oriented SWCNTs have a great potential in many
opto-electro-mechanical applications. Moreover, recent developments in photovoltaics
have been largely contributed by SWCNTSs as a p-type transparent conductor that fulfill
the requirements for continuous, fast, and cheap film manufacturing process compatible
with the roll-to-roll technology.

This dissertation reveals the development of a novel design for p-type transparent
conductor using SWCNTSs and its application in solar cell based on amorphous silicon.
At first, quantitative measurements of the adhesion of SWCNT films with substrate
materials is studied for successful implementation of SWCNTSs film in solar cells.
Later, a simple fabrication method of hybrid heterostructure solar cells is proposed in
which the SWCNTSs and organic conductive polymer composite p-type film forms a
coupled continuous hybrid heterojunction with amorphous silicon absorber. Finally, a
rationally designed p-type transparent conductor is developed using a combination of
composite SWCNTs film and fibers, which by itself can be used as replacement for
traditional metal contacts as demonstrated here. This opens a new avenue in
widespread energy technologies, where high hole conductivity and transparency of
the material are prerequisites for their successful implementation. At last, integrating
the developed p-type transparent conductor in hybrid heterostructure solar cells
resulted in a dramatic increase in its power conversion efficiency.
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