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Inorganic versus organic semiconductors

Editorial

Generally, inorganic semiconductors are categorized into elemental
and compound semiconductors. The lattice of elemental inorganic
semiconductors consists of only a single type of atom and they are
found in IV and VI groups of the periodic table. The most popular
elemental inorganic semiconductors are Si and Ge. The lattice of
compound inorganic semiconductors commonly contains two or more
species of atoms. They usually combine elements either from III and
V or II and VI groups of the periodic table. The prominent examples of
these materials are gallium arsenide, gallium nitride, indium gallium
nitride, zinc selenide and so on. OSCs and inorganic semiconductors
differ substantially from the point of view of energy states which have
an essential influence on charge transport properties of a material.
The increase in the operational temperature generally leads to the
improvement of the electrical behavior of organic semiconductors
(OSCs) as high temperature causes lattice vibrations and provides
required thermal energy for the system to create favourable
environments for the release of the trapped charge carriers.' The
charge transport mechanism of inorganic semiconductors is sensitive
to temperature as well. However, it is extremely detrimental to the
performance of these materials as the temperature-induced lattice
vibrations of the highly-ordered and crystalline inorganic substances
lead to increased lattice scattering and trapping of the charges as well
as reduced carrier mobility.*

OSCs display disordered non-crystalline amorphous arrangements
with a large number of localized states (traps) randomly distributed
over the lattice.’ In addition, the structural disorder present in the
organic molecules results in the energetic disorder of their molecules
which is the origin of the low charge carrier mobility and conductivity.’
Polymers are intrinsically highly amorphous macromolecules
with flexible backbones. However, semi-crystallinity has also been
observed in some regio-regular polymeric semiconductors such as
poly(3-hexylthiophene) (P3HT) and poly(2,5-bis-(3-alkylthiophen-
2-yl)thieno[3,2-b]thiophene) (PBT).® Compared to completely
amorphous polymers, higher crystallinity in these semi-crystalline
molecules induces higher charge carrier mobility as hopping-
assisted charge transport between n-stacked crystalline domains and
longer polymer chains formed by neighboring polymer crystallites,
occurs longitudinally with a smaller number of obstacles. Unlike
polymers, typical small molecular OSCs possess relatively ordered
and crystalline structures resulting from their rigid molecular
backbones. Therefore, most small molecules outperform widely
studied polymers in electrical conductivity. However, just like in
polymers, the parts of the small molecules are also bonded by weak
van der Waals forces and are sensitive to external factors including
oxygen molecules existing in the ambient environment. Examples
of crystalline OSCs primarily include pentacene, anthracene,
rubrene, 3,4,9,10-perylenetetracarboxylic dianhydride (PTCDA),
1,4,5,8-naphthalenetetracarboxylic dianhydride (NTCDA),
phthalocyanines, fullerenes, and other aromatic compounds.

Studies have shown that doping efficiency of OSCs is strongly
dependent on the structure of the used host materials. For instance,
doping of solution-processed polymers is highly dependent on
the batch-to-batch synthesis variations in their molecular weight
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distribution as well as on the variation of their film morphology and
microstructural properties including the symmetry and planarity of
the polymer backbones, n-n stacking between the chains and their
molecular packing, etc., which are strongly dependent on the versatility
of the used processing technique and environmental conditions
including the post-annealing temperature of the polymer films. On
the contrary, small molecular OSCs demonstrate outstanding batch-
to-batch regularity and uniform film forming properties due to their
solid-state deposition techniques limited to specific high vacuum and
low-pressure requirements. Small molecules are also easily purified
to remove any possible residual interfering molecules or impurities.
Therefore, doping of small molecules tends to demonstrate a higher
potential to justify expectations and produce more reliable results
compared to polymeric semiconductors. The studies focused on the
doping effects of the fluorinated tetracyanoquinodimethane (TCNQ)
derivatives on both vacuum-deposited small molecules and solution-
processed polymers are probably the best examples revealing how
these two different types of OSCs react to intentional impurities.
Although majority of the TCNQ derivatives easily form charge
transfer complexes (CTCs) with a variety of OSCs due to their strong
electron accepting nature, the extent of their doping efficiencies
varies considerably from material to material and is dependent on
the structural properties and processing techniques of the used hosts.
For instance, recent investigations have revealed that addition of
2,5-difluoro-7,7,8,8-tetracyanoquinodimethane ~ (F2-TCNQ)  can
lead to enormously increased electrical conductivities and metallic
transport behaviors in a wide range of different highly-ordered
organic crystalline semiconductors while the same dopant and even
famous F4-TCNQ which belongs to the same dopant category and
is a stronger electron acceptor compared to F2-TCNQ), increases the
conductivity of polymeric semiconductors only by a few orders of
magnitude. In addition, the effect of the dopants also varies from
polymer to polymer yielding an individual doping profile for every
distinct polymer. This phenomenon related to the unpredictable and
distinctive dopant strength of the same dopants in different organic
systems, is attributed to the structural and morphological differences
of the used host molecules.>”#
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