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Transport energy (1) is a useful tool for the analysis of hopping charge transport in
disordered organic materials. Importance of the transport energy stems from the fact that this
cnergy maximizes the probability for a carrier to hop upward; It does not depend on the
carrier initial energy, thus serving as an analog of the mobility edge. Although the concept of
transport energy has successfully been applied to describe the temperature dependence of the
conductivity of organic semiconductors (2), it is difficult to reproduce the experimentally
observed electric field dependence. In this work, we present an analytical model for the
clectric field dependent transport energy. This model can describe the dependence of the
transport energy on both temperature and electric field.

In this model, we assume that the localized states of an organic system are distributed
randomly both in energy and space, and that the transport between these localized states is
due to hopping. The hopping rate between any two sites is a function of temperature, energies
of the two sites, and the electric field strength. Assuming a Gaussian density of states (DOS)
function and variable range hopping (VRH) theory, we derive a model and use it to study the
electronic transport in organic semiconductors. The electric field dependence of transport
energy is plotted in Fig. 1. The effect of the electric field on the transport energy is
non-monotonic. The relation between mobility and electric field is illustrated in Fig. 2. The
mobility increases with electric field in the low field regime, and decreases when the electric
field is very high.
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Fig. 1. Electric dependence of the transport ~ Fig. 2. Electric dependence of mobility
energy in organic semiconductors . in organic semiconductors



