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Unusual Nanoscale Mound Formation

Terrace-like elevations of just a few nanometres can form during production of organic
thin films made from electrically conductive material. This phenomenon was previously
only known from inorganic materials and is crucially important for future production of a
new generation of semi-conductor components based on organic thin films. The data
now published in the first July edition of SCIENCE was collated as part of a national

research network funded by the Austrian Science Fund FWF.

Inorganic semi-conductors have a simple construction and have made high-performance
computers possible. In contrast, organic semi-conductors are complex but enable production of
innovative electronic circuits, as vividly demonstrated by the first prototypes for roll-up screens.
Yet these benefits of organic semi-conductors can only be fully harnessed when the response
of their organic molecular layer — whose thinness is crucial in functional terms — is better
understood. The national research network (NRN) “Interface controlled and functionalised
organic thin films” of the Austrian Science Fund FWF is contributing to precisely this

understanding.

Microscopic Height Measurement

In the latest issue of SCIENCE, a team from the NRN has now been able to show that organic
molecules spread out on a carrier material in a previously unknown form to create thin
electrically conductive films. As Prof. Christian Teichert from the Institute of Physics at the
University of Leoben explains: "Totally surprising diffusion behaviour at step edges formed
during film growth was observed on the films of the organic substance parahexaphenyl
produced by solid state physicists from Graz University of Technology. The molecules here
come into contact with a diffusion barrier, which leads to the other molecules piling up. Although
a diffusion barrier of this nature is well known in inorganic, atomically structured films — it is
called the Ehrlich-Schwoebel barrier in honour of its inventors — it had not previously been

observed for organic materials."

The team in Leoben used scanning force microscopy to better understand this hitherto unknown
behaviour of the organic molecules. This enabled precise measurement of the nano mounds at
the step edges. Evaluation of the data thus obtained led to a further surprise. The shape of the
nano elevations is strongly reminiscent of the terraced mounds encountered in mining. The

team was struck by the fact that the terrace height of 2.6 nm almost exactly matches the length



of a molecule of parahexaphenyl. The conclusion from this is that the molecules align

themselves upright within a terrace.

However, it was also shown that the lower terraces are somewhat lower in height than those
above. Project team member Dr. Gregor Hlawacek explains this phenomenon: "The data from
the measurement allowed us to calculate the Ehrlich-Schwoebel barrier for this case. It also
transpired that the molecules of the lower terraces are deposited at an angle. As a result, the

terrace height here diminishes relative to the angle of inclination."

Energy-saving Measure at Nano Level

The measured values were used to perform computer simulations in the Chair of Atomistic
Modelling and Design of Materials. These were not only able to confirm the experimental values
for the diffusion barriers but also revealed that the parahexaphenyl molecules are bent in
diffusion. This was surprising as bending requires expansion of the bonds in the molecule,
which is in fact avoided owing to the energy required. However, in this way, the diffusing
molecule can maintain bonds to neighbouring molecules more effectively than a rigid molecule,

so that bending is overall the more energy-saving mechanism.

For the team from Leoben and Graz, these findings are extremely exciting as producing organic
thin-film transistors requires closed films of such upright molecules. Improved understanding of
the fundamental forces that bring this about will enable them to be manipulated and thus used
in a controlled way. This NRN is therefore making a direct contribution to the future production

of a new generation of semi-conductor components.
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