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Abstract: 
 
This PhD thesis focuses on the investigation of growth, structural and electrical 
properties of organic semiconductor thin films on Si-based substrates. With a novel 
design for a home-made Knudsen cell, growth of layer-by-layer organic thin films 
(tetracene and pentacene) has been successfully achieved under proper kinetic growth 
conditions using an ultra-high-vacuum organic molecular beam deposition (UHV-
OMBD) system. Morphological studies and modern synchrotron radiation experimental 
results have shown that the growth is in a 2D+3D mode driven by the molecular structure 
conformation processes near the interfaces. Using the classic nucleation theory, the 
molecular nucleation behaviors (condensation, critical nucleus size, diffusion, activation 
energy) on Si-based surfaces have been analyzed to be kinetically diffusion-limited. In 
addition, using the dynamic scaling theory, the anomalous interface roughening processes 
of tetracene and pentacene thin film growth have been discovered and the growth 
parameters (e.g. roughness, dynamic, and growth exponents) extracted. A new view of 
“fractal-mound” -on- “fractal-mound” growth mode has been proposed to explain the 
exotic roughening behavior of organic thin film growth. Finally, the electrical 
transportation dependence on activation layer thickness in organic thin film transistors 
has been studied. 
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