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Chapter I

Introductions

1-1. Organic Electronics

In the last two decades. enonnous research efforts have been directed towards

electronic devices based on organic materials (OMs), such as organic field-effect transistors

(OFETs), organic light-emitting diodes (OLEDs), and organic photovoltaic cells (OPVCs). It

has been demonstrated that the performance of organic devices is strongly govemed by the

properties of organic-metal (O-M), organic-insulator (O-I), and organic-organic (O-O)

interfaces. The properties of an O-M interface determine the carrier injection characteristics

in organic electronic devices. Thin insulating films tune the electronic structure of an

underlying metallic electrode, leading to control of the carrier injection into OMs. The energy

level alignment of an O-I interface affects the carrier transport properties. The properties of

an O-O interface correlate with hole-electron recombination and dissociation. Therefore,

great effort has been exerted to clariff the electronic and geometric structures of the

interfaces in order to improve device performance.

This thesis focuses on the properties of plate-like grown on insulators. It is known

that plate-like molecules are the most promising for applications because of their high

mobility, ease of chemical modification, and well-defined layer growth (Fig. l-l(a)).









1 -3-2. Organic-Thick Ins ulator Interfaces

Since a conventional photoemission spectroscopy technique causes charging in

OMs grown on thick insulators, electrostatic force microscopy (EFM) and KPFM have been

carried out to analyze the energy level [6,19-2I]. Chen et al. have shown that the interface

between a PEN monolayer and SiO2 (50 nm in thickness/n-Si exhibits a VL shift on the

basis of EFM results [16]. They proposed that the origin of this VL shift was the charge

transfer between PEN and SiOz, and/or the polarization in PEN. Puntambeckar et al. carried

out KPFM studies of PEN and N, N'-dioctyl-3,4,9,10-perylenedicarboximide (PTCDI-C8) on

SiO2 (300 nm in thickness)/p-Si [19]. They observed the downward and upward VL shifts of

PEN and PTCDI-C8, respectively. Since PEN is typically regarded as an electron donor and

PTCDI-C8 as an acceptor, the results were attributed to the difference in the direction of

electron transfer. Although charge transfer has been suggested to occur between molecules

and thick insulators, this project still remains controversial since charge tansfer is unlikely to

occur between molecules and the underlying conductive materials through thick insulators.

In Chapter 4, I will show the KPFM of organic films on 300-nm-thick thermal

oxide. The KPFM results have revealed that the VL shift at an OM-thick insulator interface

originates from the dipole in OMs induced by surface charges. I also denote the effect of

alkyl chain with an induced dipole, the length dependence of a VL shift, and the multilayer

effect on a VL shift.

1-4 Organic/Organic Intedaces

The energy level offsets at O-O interfaces are crucial parameters for the

performance of organic devices. In particular, it is essential to understand the properties of a

donor-acceptor (D-A) interface since the successive layer of these molecules is utilized in

organic devices. Intensive research has revealed that the VL shift also occurs at D-A







1-5 Outline of Doctoral Thesis

The basic concept of KPFM employed for the project will be introduced in Chapter

2. The experimental methods will be denoted in Chapter 3. Following that, the KPFM of

organic monolayers on silicon oxides will be shown, and the origin of the VL shift at an O-I

interface will be discussed in Chapter 4. The geomefic effects with the energy alignment at

D-A interfaces will be presented in Chapter 5. Finally, a summary of these experiments and

an overlook will be given in Chapter 6.







2-1-2. A Dynamic Mode in AFM Measurements

In the dynamic mode, the cantilever is excited perpendicular to the surface.

Typically, the spring constant of the cantilever is from several l0 N/m to several 100 N/m.

High values are desired in order to avoid the 'jump into contact' effect [39]. The dynamics of

a vibrating cantilever yields to feedback including infonnation about the force between the

tip and surface. In dynamic AFMs, the amplitude and frequency shift are used as a feedback

parameter to track the topography of the surface.

Martin et al. have pioneered the amplitude modulation (AM) mode, that is, the

tapping mode [4U. AM-AFM is widely used in air and liquid environments. The cantilever is

excited at a frequency value with oscillation amplitude ranging between 10 and 100 nm.

Usually, the frequency value is chosen to be slightly higher than the resonant frequency of

the cantilever. The signal in the AM-mode corresponds to the change of the oscillation

amplitude. The tip-cantilever ensemble is approached towards the sample until the oscillation

reaches a set point value. An image is formed by scanning the tip on the sample, as the

amplitude is kept at a set point value.

In the FM-mode, the non-contact mode, developed by Albrecht et al. 1421, the

cantilever is driven at its resonance frequency with amplitude of several nm. The phase

between the driving amplitude and the oscillation amplitude is kept constant at the optimum

value and the excitation is controlled in a way to keep the oscillation amplitude constant. A

change in the force gradient causes the shift in the oscillation frequency, which are detected

by a FM demodulator. The resulting frequency shift is used as the feedback signal to control

the distance. Additionally, most experiments in ultrahigh vacuum rufrv) are performed in









































































































Figure 5-7. (a) A topographic image of PEN grown on 1.1 ML of PFP

covered on SiOz. O) A KPFM image obtained simultaneously with

topographic images. The scan size is 3 pm x 3 pm.

5-4-2. KPFM information of PEN and PFP Hetero-Multilayers

Figrne 5-7(b) shows the KPFM image obtained simultaneously in the topographic
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