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Chapter 4: Electrical Behavior of Organic Transistors and Circuits 423

4.2 Organic Polymer Field Effect Transistors

Jerzy Kanicki and Sandrine Martin

4.2.1 Introduction

Conjugated organic polymers are a novel class of semiconductors that
combine the optical and electronic properties of semiconductors with the
advantages of low-cost processing, large-area scalability, compatibility with
flexible substrates, and mechanical properties of polymers. Important
examples of polymers within this class include poly(p-phenylene vinylene),
poly(p-phenylene), polythiophenes, polyfluorene derivatives, and others. In
general, the conducting polymers contain extended m-conjugated systems
composed of singie and double bonds alternating along the polymer chain
(for an explanation of m-conjugation, see Chapter 2). The strong relation
between electronic structure and backbone conformations is a fundamental
feature of m-conjugated polymers. The extent of the n-conjugation is the
essential structure parameter that controls the physical properties of
conducting polymers. Within conducting polymers, carriers can be created
by adding impurities. These impurities act as electron donors or acceptors,
where the carrier concentration depends on the doping level (i.e., amount of
impurities present). For example, the introduction of acceptors into a
polymer creates holes (positive charge carriers), resulting in structural
defects in the alternation of the double and single bonds. These defects can
travel along the polymer chain without changing its shape and represent
localized solitary waves; they are responsible for localization of the electron
states atong the polymer chain. The defects can also be called pofarons if
single-charged and b&ipolarons if double-charged. A polaron is a
quasiparticle that repulses adjacent electrons while attracting the nuclei of
neighboring atoms. This results in the polarization of the lattice in its closest
vicinity. This accompanying cloud of polarization causes an increased
effective mass of the particle, decreasing the mobility of those quasiparticles.
Those quasiparticles can be identified by additional energy levels, which
appear within the semiconductor bandgap. Polarons in conjugated systems
affect not merely the polarization in their vicinity but they can also change
the nature of bonds from o to 7 and vice versa via excitation and while
traveling. The strong electron-lattice coupling is responsible for the
existence of polarons in conjugated systems.'

In general, the conductivity in pelymers is one-dimensional on the
molecular scale. Therefore, the polymers can be represented as a one-
dimensional disordered system, in which electron states are localized due to
defects along the chain. The physical reason for localization is interference
of forward- and backward-scattered electron wave functions, forming
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