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Summary  
 
Most people associate the word “plastics” with things like garden 

furniture, toys and plumbing, however, nowadays plastic materials are 
being created with increasingly useful electronic and optical properties and 
integrated into "smart" electronic devices such as identification tags, 
programmable credit cards and flat-panel displays. 

 
 

 
 

Figure S-1: a foil of ~ 50 plastic programmable bit-pattern generators made 
by Dago de Leeuw’s group at Philips Labs in the Netherlands.  

 
 
For the past 20 years the goal of plastic electronics has motivated 

all over the world an increasing research effort, which aims at providing 
plastic films with the electronic properties needed for practical circuitry. 
Organic molecules with conjugated system have shown great potential for 
such applications - they are carbon based materials, have high mechanical 
flexibility and light weight and readily processed into devices. These 
special properties are very promising for the fabrication of foldable and 
portable plastic electronic devices, when one can tolerate quite low digital 
data rates and small currents, so that the relatively poor conductivity of 
organics is not a problem. Volume production may reduce costs enough 
that, for example, identification tags based on all-organic circuitry become 
viable alternatives to conventional bar codes in shopping and inventory 
control. These new tags have the potential to store far more information 
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than today's passive tags, and they would not need the manual manipulation 
required by laser-scanned optical bar codes. 

As far as materials are concerned, pentacene, a well known organic 
semiconductor, has been widely recognized as a prototype in studies of 
organic crystalline thin film growth and the relevant electronic device 
physics. In the past, many studies have been devoted to improving the 
quality of pentacene thin films in order to enhance device performance.  

In this thesis, we present a series of fundamental studies of 
pentacene thin film growth on SiOx aimed at understanding its growth 
mechanism by means of surface morphology analysis. The novel aspect of 
our investigation is that we employed an unconventional organic thin film 
growth technique - supersonic molecular beam deposition (SuMBD); this is 
a relatively new method for growing thin pentacene layers if compared to 
the more commonly employed organic molecular beam deposition 
(OMBD). In chapter 2, we described in detail its working principle and 
how it differs from OMBD. The main characterization tool in our 
pentacene thin film morphology studies was atomic force microscopy. We 
employed it both in the tapping mode to collect height images and in the 
contact scanning mode to perform transverse shear microscopy.  

In the results presented in chapter 3, we demonstrated that the 
kinetic energy (Ek) of the impinging molecules is the crucial factor which 
dominates surface morphology and crystallinity of the pentacene 
submonolayer. Growth with different Ek results in different molecular 
surface diffusivity, as evidenced by the variation in island density and 
island size distribution. With increasing Ek, the island density increases and 
the island size decreases ensuing more uniform island size and a dispersed 
pattern of molecular islands, which indicate in turn correlated island 
growth. A less fractal island structure is observed for SuMBD growth 
pointing towards island edge diffusion, which is interpreted by the diffusion 
mediated growth mechanism. Another important parameter for describing 
the growth process is the size of the critical nucleus, i.e. one less than the 
number of molecules needed to form the smallest stable island. By using 
the general scaling function a transition of the critical nucleus size from 3 
to 2 is found when Ek > 5-6 eV and this result explains the island density 
variation between samples grown with high and low Ek. Furthermore, the 
island – island coalescence starts at an earlier stage for growth with higher 
Ek and produces a much more uniform and less defected monolayer than 
deposition with low Ek. This is demonstrated by the investigation of the 
crystallinity of the first pentacene monolayer with transverse shear 
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microscopy: when pentacene impinges on the silicon oxide surface with a 
kinetic energy of 6.4 eV the monolayer is made up of large single crystal 
grains (spanning ~ 10 µm) with flat surface and very few grain boundaries 
and has therefore a much better quality than layers produced by OMBD, 
which have typically a polycrystalline structure with many small grains (~ 
1-2 µm) and a high concentration of grain boundaries.  

In Chapter 4 we reported our studies focused on how the incidence 
angle, θ, of the molecular beam and the substrate temperature, Ts, influence 
submonolayer growth, again for pentacene hitting the surface with different 
Ek. We examined the interaction of energetic pentacene with the SiOx 
surface by investigating the sticking coefficient, S0, island size distribution 
and critical nucleus size. With increasing θ at constant Ek, S0 decreases due 
to enhanced molecule-surface scattering induced by efficient parallel to 
normal momentum conversion. However, with increasing Ek, at constant θ, 
S0 also decreases because when the impinging molecules retain more 
energy after the initial inelastic collision, their probability of being 
scattered away from the surface is higher. Surface phonon assisted 
molecule - surface scattering is suppressed in a growth at lower Ts (~200 
K) at normal incidence as evidenced from an increased pentacene sticking 
coefficient with respect to room temperature (RT) deposition in the initial 
growth period. For growth at grazing incidence of the beam, however, the 
relatively lower surface phonon density at ~ 200 K seems to hamper 
efficient energy dissipation of molecules during their diffusion parallel to 
the surface. In fact, a lower initial sticking coefficient is observed than for 
RT growth. Our studies demonstrate that nucleation density and island size 
for different growth conditions are strongly influenced by the effects of 
molecular surface diffusivity and molecule-surface scattering. The critical 
nucleus size determined by the general scaling function shows a strong 
dependence on the normal component of Ek and a transition from 2 to 3 
molecules of the critical nucleus size is found for growth at Ek = 6.3 eV 
when θ  is increased, moving away from the normal incidence. 

In the last part of this thesis, we illustrated how to employ SuMBD 
grown high quality pentacene films in field effect transistors (FET) with the 
bottom contact Au electrodes. We modified the Au electrode surface in the 
transistor structure with a self-assembled monolayer of (perfluoro)-
alkanethiols to decouple the metal surface from pentacene. The main 
achievement of this work was that for the first time a high quality 
pentacene monolayer was produced at the interface between Au and SiO . 
The morphology transition area which is normally observed in the vicinity 

x
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of a bare Au electrode and characterized by isolated 3D grains with high 
concentration of grain boundaries was completely eliminated in our 
devices. The field effect transistors constructed with such ultrathin 
pentacene films show much better electronic and transfer characteristics. 

To conclude, the three achievements presented in this thesis were: 
 1) we demonstrated that the kinetic energy of pentacene landing on 

SiOx is the key factor to determine the surface morphology and the quality 
of the deposited films;  

2) we discovered that the sticking coefficient of pentacene on  SiOx 
surface is strongly influenced by the molecular kinetic energy, the 
incidence angle of the molecular beam and the applied substrate 
temperature;  

3) we succeeded in producing high quality pentacene ultrathin 
films for application in field effect transistors with the bottom contact Au 
electrodes. 

The next challenge will be to demonstrate that with SuMBD grown 
films one can produce devices with better characteristics than the best ones 
fabricated with OMBD grown films.   
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