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ABSTRACT

Organic semiconductors typically possess low charge carrier mobilities and Langevin-type recombination dynamics,
which both negatively impact the performance of organic solar cells and photodetectors. Charge transport in organic
solar cells is usually characterized by the mobility-lifetime product. Using newly developed transient and steady
state photocurrent measurement techniques we show that the onset of efficiency limiting photocarrier recombination
is determined by the charge that can be stored on the electrodes of the device. It is shown that significant
photocarrier recombination can be avoided when the total charge inside the device, defined by the trapped, doping-
induced and mobile charge carriers, is less than the electrode charge. Based upon this physics we propose the
mobility-recombination coefficient product as an alternative and more convenient figure of merit to minimize the
recombination losses. We validate the results in 3 different organic semiconductor-based light harvesting systems
with very different charge transport properties. The findings allow the determination of the charge collection
efficiency in fully operational devices. In turn, knowing the conditions under which non-geminate recombination is
eliminated enables one to quantify the generation efficiency of free charge carriers. The results are relevant to a wide
range of light harvesting systems, particularly those based upon disordered semiconductors, and require a rethink of
the critical parameters for charge transport.
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