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Formation mechanism and controlling factors of higher-order structures in amorphous

organic semiconductor films

To further improve the performance of OLEDs, it is necessary to analyze organic
amorphous semiconductor film in detail toward clarifying the formation mechanism of their
higher-order structures. However, controlling factors of the higher-order structure and the
molecular aggregation state in the films have not yet been sufficiently understood due to
their high randomness.

In this doctoral thesis, to clarify the controlling factors in the formation mechanism of
higher-order structures specific to amorphous organic semiconductor films fabricated by
vacuum deposition, the formation dynamics of molecular orientation, the effect of conformer
distribution on the film properties, the effect of functional group orientation on the electrical
properties, and the change in molecular orientation during the heating process are
investigated in detail.

Chapter 1 summarizes the background of study on amorphous organic semiconductor
films for OLEDs and the purpose of this thesis.

Chapter 2 discusses the dependence of film properties of structural isomers of a-NPD and
B8-NPD molecules on deposition conditions using QACIOS (quantitative absorption
comparison with an isotropically oriented standard) method and clarifies the differences in
their formation dynamics from the viewpoint of the molecular structures.

Chapter 3 discusses the difference in the molecular aggregation states in
vacuum-deposited amorphous organic films of a-, aB-, and B-TNB molecules and their effects
on the thermal and electrical properties of the films by focusing on variety of stable
conformers. This is a key factor that has not been sufficiently considered in conventional
discussion of the properties of amorphous organic semiconductor films.

Chapter 4 discusses functional orientation of BPBPA molecule, which is explicitly defined
by IR-QACIOS method using deuterated materials, and clarifies its effects on device
properties .

Chapter 5 discusses the systematic gradual changes of molecular orientation in
vacuum-deposited film of a-NPD molecule during heating process using in situ
UVhisible-QACIOS method.

Finally, the conclusions in this study are summarized in chapter 6.
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