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Summary

Organic materials are targeted to be implemented as new semiconductors in plas-

tic electronic components for commercial devices. They offer advantages with

respect to traditional inorganic semiconductors regarding processability (they re-

quire simple techniques such as spin coating, printing) and functionality (mod-

ification of the molecules offers enormous variety in functionalization). Rapid

progress is being made in the development of organic electronic devices. The

use of organic field-effect devices for large scale applications requires high perfor-

mance, reliability and stability, long lifetimes, good control and reproducibility.

One measure of the performance of a semiconductor is the electronic mobil-

ity. This is a benchmark for the success of the different organic semiconductors.

The achievement of good transport properties is associated with high mobilities.

The work presented in this thesis aims to take a step forward towards the under-

standing of the microscopic processes that determine the electronic mobility in

molecular crystals: the orientation of the molecules, intermolecular interactions,

defect densities and charge transport. This thesis incorporates the study of the

properties of organic molecular crystals at the materials level (Chapters 2, 4, 5,

6), as well as in devices (Chapter 3). The primary goals of our work are to be

able to relate the molecular stacking, defect density and device geometry with

the electronic properties and further to apply that knowledge in the design of

electronic devices with enhanced performance.

Past investigations have been hampered by low reproducibility of the exper-
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imental results, and by structural defects that prevented measurements of the

intrinsic properties of organic materials. In recent years, an unprecedented con-

trol of the structural properties at the molecular level and of the charge density

distribution has been achieved by better understanding the properties of the or-

ganic semiconductor material, and by careful design of device structures.

In this general context, we study single crystals of pentacene and rubrene,

molecular conductors with the highest reported mobilities. Although in single

crystal form they may never match the general requirements for incorporation in

large scale applications, they provide unique tool for the investigation of intrinsic

properties and model systems. For the materials that we focus on, we perform the

crystal growth and crystal structure determination by X-ray diffraction. For pen-

tacene we also investigate the chemical properties using IR spectroscopy, UV-Vis

and mass spectroscopy combined with high performance liquid chromatography

(HPLC). We use space charge limited current (SCLC) and field-effect transistor

(FET) measurements to study the charge transport properties.

In Chapter 2 we demonstrate that the purity of the material is critical for high-

performance electronic devices. Impurities can form electrically active states in

the band gap of semiconductors, or distort the charge distribution in the sur-

rounding crystal introducing states in the gap. Thus, they strongly influence the

electronic properties of organic crystals. We perform a quantitative analysis of

the pentacenequinone content, the major impurity in pentacene single crystals.

Furthermore, we show that the reduction of its concentration by a factor of five

(from 0.11% to 0.028%) leads to a decrease of the number of electronically ac-

tive traps by two orders of magnitude (from Nt= 1013 cm−3 to Nt= 1011 cm−3)

and a high mobility (µ = 35 cm2/Vs). In the analysis, we incorporate correc-

tions for the effective thickness of the crystal that result from the anisotropic

resistivity and from the distribution of the electric field inside the material. A

detailed description of the algorithm is incorporated in Chapter 4. In Chapter 3

we demonstrate that the pentacenequinone impurity is located preferentially at

the surface of the crystal and strongly affects the conduction in FET devices by

scattering the charges. We overcame this limitation by converting the impurity

scattering centers into the gate dielectric. The transistors built in this way are

characterized by on/off ratios of 106 and mobilities that reproduce the values

determined for the bulk.

Organic electronic devices need to operate exposed to air. Thus, the influence

of moisture and oxygen are critical in their behavior. Our work concentrates on

improving the performance and reliability of organic based devices. We investi-

gate the physical processes that govern the electrical conduction in these materials



Summary 133

in the presence of air. We demonstrate in Chapter 5 that oxygen/water vapor

present in air diffuses into the crystal. This process generates holes/traps, leading

to enhancement/decrease of the conductivity. The two effects are opposite, they

appear together, and they can have comparable magnitudes. By combining elec-

trical and gravimetric measurements, we obtain quantitative information about

these effects. We find that on average two O2 molecules are needed in the presence

of light to create one hole, compared with four molecules in the dark.

For rubrene single crystals, in Chapter 6 we relate the dramatic changes in

electronic mobility at 175 K to modifications in the crystal structure via the trans-

fer integrals between neighboring molecules. DSC measurements show evidence

for a phase transition at 175 K, but this is not detected by our X-ray diffraction

experiments.

We have obtained high electronic mobilities in organic crystals by careful con-

trol of the material degree of purity. Furthermore, we have successfully fabricated

and measured organic FETs in which we are able to reproduce the high mobilities

evaluated from the experiments that describe the bulk properties. Our interests

involve a broad area of research, and combine crystal growth, crystal structure

determination and charge transport measurements. The work presented in this

thesis gives insight into physical processes such as the generation and migration

of defects in organic crystals, environmental effects and device geometry effects

that influence the electrical conduction in molecular crystals.




