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Abstract

Pentacene Thin-Film Transistors (TFTs) had been improved dramatically over
the last decade. The field effect maobility of pentacene TFTs has been raised several
orders of magnitude (about 1-5.em?/vs)' that almost overtook the value of amorphous
silicon TFTs. Nevertheless, the fabrication technologies of pentacene TFTs are still
not mature, yet. The detail mechanism of carrier transport and device modeling are
also not fully understood. There are a lot of works to do before applying pentacene
TFT based product to commercialization. The crystalline structure of pentacene is
quite different from that of poly-silicon, such as the connection between pentacene
molecules is mainly by van der waals powers, rather than covalent bond or ionic bond.
Hence, the structure is loose and full of defects. The carrier transport of
intra-molecular of pentacene is believed to be dominated by the band-like energy
scheme formed by the specific 7 electron orbital. However, the carrier transport
between inter-molecules of pentacene is governed by thermal hopping. Summing up
the effects mentioned above, the lower field effect mobility of pentacene was deduced.
Beside, most organic semiconductor TFTs only propose uni-polar operation and are

biased in accumulation mode for TFTs. Thus, the extraction methods of device



parameters and the current-voltage equation for traditional TFTs must be modified to
fit the real situation of pentacene TFTs.

In this dissertation, we study the basic electrical properties and also extract the
device parameters of pentacene TFTs. Most of all, the field effect mobility, lon/los
ratio, sub-threshold slope and threshold voltage are the most important electrical
properties. Even more, the mobility and threshold voltage are usually used to identify
the performance of pentacene TFTs. The different methods such as the constant
current method, maximum transconductance (Gm) method, and square root method
were used to extract the threshold voltage. The obtained values were compared and
verified with the data measured by the capacitance-voltage method. A non-linear
result between threshold voltage and pentacene thickness was observed. After detail
investigations, the threshold voltage variation behaviors might be caused by the
unintentional dopant or defects-0f.the pentacene film during fabrication. They could
be calculated and modeled by estimating-a-bulk-trap-density. The proposed model got
a good fit with theory and literature:

To detect the environmental sensitivity, the electrical properties of pentacene
TFTs were measured under different atmospheres. The extracted mobility in linear
and saturation regions was analyzed. The mobility was observed dependent on the
gate bias. The phenomenon was also observed in poly silicon and CdSe TFTs. The
Levincen Model and grain boundary barrier model were used to explain the gate bias
dependent mobility. The trap density in the grain boundaries of pentacene TFT was
obtained. The calculated result shows that the content of the normal air, especially
humidity, could diffuse into the grain boundaries, change the trap density and increase
the barrier height that would degrade the carrier transport of pentacene TFTs.

Since the extraction methods of device parameters and environmental sensitivity

of pentacene TFTs were studied, further requirements of device characteristics for
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display applications, such as uniformity, sensitivity to illumination, reliability and
passivation effect were also detail concerned. With integration of device
considerations mentioned above, an active-matrix liquid crystal display driven by
pentacene TFTs was designed and fabricated. It could demonstrate video image
successfully.

In addition, a novel active-matrix pixel design was also investigated in this
dissertation. The high performance and thermal stabile low-temperature poly silicon
TFTs were used to drive a diode carbon nanotube field emission display. Two TFTs
and one storage capacitor were adopted in one pixel. This pixel structure could
perform a normally-on type active-matrix display. Active-matrix pixel structure was
supposed to reduce the variation of field emission display and raise the uniformity of
display. It also could lower down the anode voltage of field emission display that was
supposed to increase reliability- of . phosphots and ‘carbon nanotubes. Moreover, the
partially system on panel due to the use-of-high.performance poly silicon TFTs could
be realized. That would reduce the complex of driving system.

In summary, we discussed every possible factor that influences the fabrication of
active-matrix display driven by pentacene TFTs. We also successfully designed and
fabricated a display capable of showing video images. We also proposed a novel pixel
structure to drive the carbon nanotube field emissive display and realized it. It

demonstrated video images successfully, too.



