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Abstract

In this thesis, the low-temperature (25°C-250°C) sputtered aluminum nitride (AIN)
film was deposited as the gate insulator in organic thin film transistors (OTFTs). In
contrary to the conventional high-k dielectrics, the AIN film has a very low dielectric
leakage and hydrophobic. The surface free energy is lower than the pentacene film
and similar to the self-assembled monolayer (SAM) treated dielectrics. By adjusting
the AIN sputtering process, it was found that the smooth (surface roughness <0.2nm)
and very low leakage (less than 1x10°A/cm? at IMV/cm) AIN film was obtained by
lowering down the process temperature. The dielectric breakdown field is larger
than 5MV/cm and the relative electrical permittivity is 7 in the AIN film.  With the
increasing of nitrogen gas flow rate, the dielectric leakage of AIN film is suppressed.
Moreover, the leakage-current in AIN film obeys the Ohmic-conduction and the



Poole-Frenkel transport in low and high electric field, respectively. It is suggested
that the nitrogen-related defects are compensated, with the increasing of nitrogen flow
rate in sputtering process, thus the leakage is decreased.

Accordingly to the optimized sputtering conditions, the low-voltage AIN-OTFTs is
realized.  With the thin AIN gate-dielectric (thickness less than 70nm), the
AIN-OTFTs are operated at a very low voltage (less than 5V). It is founded that the
high on/off current ratio more than 10°, and the high mobility about 1.67cm?/V-sec
are achievable. The lowest subthreshold swing is 130mV/decade and the threshold
voltage is -1.5V. The low interface-trap-density and the steep subthreshold swing
for AIN-OTFTs may be attributed to the low surface energy of the AIN film. The
remarkable transistor properties demonstrate that the AIN-OTFT has potential

application in low-voltage and rapid-switching organic transistors.
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