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Abstract

In this thesis, we proposed a dielectric layetrtli@ application of high performance
organic thin film transistors (OTFTs). By using trelio frequency (RF) sputtering
system, we deposited the alumni nitride (AIN) fiém the dielectric layer under a very
low temperature. The low-temperature deposited #iN is highly hydrophobic and
its surface energy is similar to that in pentaciéne In our study, we varied the AIN
film deposition temperature to lower the AlN filmr&ce roughness and suppress its
crystallization. When the surface_roughness anciystallization decreased with the
lowering of deposition temperature; the-dieleckeigkage current of AIN film can be
as low as 18A/cm? when the devices'were operated and biased. Thedidsctric
thickness can also be reduced to less than 100arthefmore, we also adjusted the
argon (Ar) and nitrogen (@) ratio during the AIN film sputtering to lower the
dielectric leakage and to increase the AIN filmadeility. It was also found that higher
N> ratio in sputtering process may lower the AIN eattic leakage. A nitrogen related
vacancy defect may also distribute toward a deepergy level under higher nitrogen
ratio. When the Poole-Frenkel liked defect distiidnu is situated on deep energy
level, which helped to further decrease the AlNatigic leakage. After we gained the
experiments of AIN dielectric leakage control, vabiicated the OTFTs on the AIN
dielectric layer. The fabricated OTFT with AIN cetric layer (AIN-OTFTs) can be
operated under a low voltage (less than 5V) withHield effect mobility (more than

1.6cnf/V-sec), and its subthresold swing is still goags§ than 0.2V/decade). Besides
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the development of high performance AIN-OTFTs, us® applied the OTFTs to act
as optical and gas sensors. In the study of op@d&#T sensors, we used the ultra
violent light (UV-light) to modify the interface ates, which may influence the device
optical response. It was also found that the clthdggect states between the organic
film and dielectric layer may help to increase fito-responsivity in optical OTFT
sensors. That will enhance photo-current generatimter illumination and prolong
the device recovering time when the illuminationswemoved. The observed
photo-responsivity in our organic photo detecton && as high as 10 A/W, which
value was similar to that in high performance orgaoto detector. In the study of
organic thin film gas sensors, we studied the aton between Ngland OTFTs
primitively. It was found that the OTFT output cemt will be reduced and the
threshold voltage will be increased with'the insieg of NH; concentration. The
contact resistance between metal electrode/orgatecface and channel resistance
were also discussed under differentdNébncentration. The device geometry and
channel length may be important factors that infaesl the sensitivity of organic gas
sensor. Finally, we proposed an novel vertical oeb®@TFTs. We studied the device

leakage properties and improved device leakagewcuim the device off state region.
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