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Abstract

Recently, with the continuous evolution of technology and the vigorous development
of optoelectronic display and semiconductor technology industries in Taiwan,
applications of various flat-panel displays have become indispensable consumer
electronic products in our daily life, such as wearable electronic displays (apple watch)
and high current-drive organic light-emitting diode (OLED) displays. Thin-film
transistors (TFTs), which plays the role in switching pixel and brighiness modulation, are
the most important in the development of displays. In addition, the quality of displays can
be determined by the TFTs.

Indium allium zinc oxide (InGaZnOQ) has attracted the most attention as the active
layer material among TFTs. In contrast to traditional amorphous silicon (a-Si) and low
temperature polysilicon (LTPS), a-InGaZnO contains the advantages of both. The overlap
of effective electronic cloud in the amorphous state enables InGaZnQ to remain better
mobility than a-Si, and better uniformity than LTSP due to the grain boundary free. The
wider energy gap of InGaZnO (3.2¢V) suppresses the Band-to-Band-Tunneling (BTBT),
which presents the low leakage current. However, the reliability of illumination and that
of the electric field on InGaZnO still need to be investigated and solved.

In this dissertation, the degradation mechanism and the physical model of

asymmetric InGaZnO thin film transistors under illumination and the hot-carriers effect

vii



are investigated first. The current-voltage (Ip-Vg) and capacitance-voltage (C-V) curves
both showe a hump effect after the operation of illumination and electrical stress. The
hump effect is caused by the uneven distribution of the electric field induced by the
asymmetric electrode. Finally, the simulation and the pulse modulation are implemented
for the further physical model verification.

In addition, in order to meet the needs of flexible and foldable display panels, organic
TFTs have more potential and development than InGaZnO. Organic materials are
fabricated by the solution process produced by spin coating and ink-jet printing, which
contains the advantages of low cost, large-area film formation and impact resistance. The
low process temperature enables organic materials to be fabricated on flexible substrates.
These advantages of organic semiconductors make it extremely attractive in technology
and industrial development. However, organic materials are easily affected by ambient
atmosphere and illumination, and its reliability and performance still need to be improved.

The second part of this dissertation discuss the transport model of the novel organic
thin film transistor. The semiconductor layer of the device is prepared by using a novel
vertical phase-separated method, which helps perform higher uniformity and carrier
mobility that traditional organic thin film transistors are not capable of achieving. The
activation energy is extracted by measuring the [p-Vg curves at different temperatures,

and the physical mechanism is classified. The variation of activation energy is attributed

viii



to the unstable 7 -x bond of small molecular functjonal groups.

In addition, organic semiconductors are easily affected by light and atmosphere. The
third part of this dissertation investigates the degradation behavior of the vertical phase
separated organic TET after light illumination. It is inferred regarding the degradation that
the electrons generated by iIlumipation are injected into the polymer layer, which cause
the device th-reshold voltage to shift positively. The physical mechanism is verified by the
device without the polymer layer.

The fc;urth part studies the degradation mechanism of organic TFTs under the hot
carrier effect. There is a DIBL effect oceurring in the device at the high drain voltage. In
addition, an on-state current drop and a negative threshold voltage shift are observed
under the hot-carrier stress (HCS). The deterioration can be effectively suppressed by
using the terminal-via structure, and the device hot carrier and DIBL reliability can be

improved.

Keywords: Thin-film Transistors (TFTs), Organic Thin-film Transistors (OTFTs),
Indium gallium zine oxide (InGaZnO), Hot carrier effect, Transport mechanism, terminal

structure
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