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ABSTRACT

Recently, with the development of erganic semiconductor materials, the devices can
be fabricated easily on the plastic substrates by spin coating process with extremely low
temperature and production cods. In this work, we chose poly(3-hexylthiophene) or
called P3HT as the active layer of polymer TFTs (P-TFTs). At a 0.5 wt% P3HT in
chloroform with spin-coating rate of 1000 rpm, we demonstrated that both high
field-effect mobility (up to 0.02 cm?/V-s), and high lon/lore ratios (~10% could be
achieved. We found that reducing the thickness of the adhesion layer, Cr, can decrease
the contact resistance. Besides, the characteristics of polymer thin-film transistors can

also be enhanced by chemically modifying the surface of the gate dielectric prior to the



deposition of the organic semiconductor because of better arrangement of the polymer

films when they was spun-coating on the gate dielectric.

In principle, there are two primary leakage paths of P-TFTs; one is the conductive

bulk of P3HT, and the other is through the gate insulator. Conventional P-TFTs share a

common gate, in which case the leakage through the gate dielectric is much more

significant. Therefore, we had efforts on defining the active layer via the

photolithographic technique for improving device performances. We successfully

proposed a patterned P3HT thin-film transistor. Although there was 40% degradation in

mobility as compared with those non-patterned P-TFTs, however, the [on/l orr ratio of the

patterned devices was significantly improved by over-three orders of magnitude and even

the subthreshold swing was compatible'with the amorphous Si TFTs (~1.5 V/decade).

On the other hand, in order to make the P-TFTs on the plastic substrate, we had to

further lower the process temperature. Therefore, using spin-coatable polymer gate

dielectric instead of SiO, one was also a very important issue. In this thesis, we till

discussed the process development and electrical characterization of P-TFTs with

polymer gate dielectric. The quest for high-performance polymer gate dielectrics is of

intense current interest. Beyond having excellent insulating properties, such materials

must meet other stringent requirements for optimum P-TFT function: efficient

low-temperature solution fabrication, mechanical flexibility, and compatibility with



diverse gate materials and organic semiconductors. We reported the realization of
spin-coatable and cross-linked polymer blends exhibiting excellent insulating properties.
Moreover, the non-patterned P-TFTs with cross-linked polymer as the gate dielectric in
this work performed a high lon/lose ratio (1.58x10%), which was similar to the
conventional P-TFTs with a thermal oxide as the gate dielectric. Furthermore, the

subthreshold swing was even as good as the patterned P-TFTs (~1.66 V/decade).
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