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Next-generation displays require transparency, flexibility, and high performance and
amorphous InGaZnO (a-1GZO) fulfills these requirements. Nevertheless, stability is a major
issue for a-IGZO. Ambient effects at the backchannel are main causes of instability. Annealing
up to 400°C (not compatible with most flexible substrates) is also required to ensure good
electrical characteristics and stability. In this thesis, a hybrid passivation based on
polysilsesquioxane (PSQ) is introduced. Mechanisms on how PSQ improves stability are
examined. This study also demonstrates excimer laser annealing (ELA) as a low temperature
annealing alternative. These methods are critical in developing stable devices for transparent,
printed, and flexible applications.

Reliability of non-photosensitive PSQ (NP-PSQ) passivated a-IGZO thin-film transistors
(TFT) was tested through three types of bias stress and humidity stress. NP-PSQ showed
impressive reliability after each stress. SIMS analysis reveals that a large amount of H and C is
present in a-1GZO after passivation. XPS analysis uncovers the H occupation of oxygen
vacancies (Vo) and substitution of C plus two O interstitials at the Zn site (acceptor). The Vo
reduction, formation of additional acceptor states, and superb barrier ability of NP-PSQ explain
its impressive reliability. Photosensitive PSQ (P-PSQ) was also developed to circumvent
damage due to dry etching. Like NP-PSQ, P-PSQ is effective against humidity and bias stress.
Furthermore, hump effect in the transfer characteristics was suppressed. High amount of C, H,
and F was also present in the channel. Analysis shows that F reduced Vo and stabilized weak
oxygen and OH bonds.

Two types of ELA: XeCl and KrF ELA were analyzed and performed on PSQ passivated
a-IGZO TFTs. Both ELA types are shown to be effective in improving the electrical
characteristics. COMSOL simulation shows heating localization in the upper layers and very
low substrate temperature (<30°C). XRD reveal that a-IGZO remains amorphous after ELA. C

and H introduction into the channel is observed mostly in the top few nm and at the interface.



This research demonstrates a highly reliable PSQ passivation and examines the stability
improvement mechanisms due to H, C, and F. ELA is shown as an effective low temperature
annealing method for PSQ-passivated a-IGZO TFTs. These results and analysis are valuable in

developing high performance and highly reliable oxide TFTs for flexible applications.
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