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The most efficient organic solar cell today is made from blending conjugated polymers (donors) and fullerene
molecules (acceptors) together to form bulk nanoscale heterojunctions. The nanomorphology of the disordered
bulk heterojunctions, largely affected by material properties and processing conditions, plays a critical in
determining the overall device performance. However, our understanding on organic bulk heterojunctions is still
limited because of lacking characterization tools in differentiating donors and acceptors in bulk heterojunction
organic solar cells. Most microscopic characterization on organic solar cells using AFM are limited to the
characterization of nanoscale roughness of the active layer without providing the phase separation map. In order
to map the phase separated regions and correlate the nanomorphology to device performance, a high resolution
microscopy characterization tool, which can differentiate the donor and acceptor regions, is needed. Kelvin Probe
Force Microscopy (KPFM), combining AFM and Kelvin probe technology, has the ability to quantitatively map the
work function of semiconductors at nanometer scales and hence promising potential to identify phase separated
nanostructures in organic solar cells. The traditional dual-pass lift-up scan mode KPFM is not appropriate for
characterization of organic solar cells because its spatial resolution is not high enough to differentiate the phase
separation domains. The single-pass scan mode KPFM offers better spatial resolution but has cross-talk
between topography and surface potential images. By setting the electrical driving frequency away from the
mechanical resonant frequency, we have decoupled the cross-talk in single-pass scan mode KPFM and have
successfully examined the electrical properties of single-walled carbon nanotubes when they are blended with
the conjugated polymer poly-3-hexylthiophene (P3HT) and phenyl-C61-butyric acid methylester (PCBM). From
this study, we have discovered the electrical role of single-walled carbon nanotubes in improving organic solar
cell performance.
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