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The ever-evolving display technology is moving tewards creating the illusion
of reality from vivid image quality. Therefore, development of. thin-film transistors
(TFT) which is the crucial component in display panel have been accelereting.
Amorphous oxide semiconductor (AOS) material offers excellent mobility, remarkable
scalablhty, with solution process compatibility. Nevertheless, 'AOS TFTs still experience
severe degradatlon upon exposure to ambient atmosphere manifested by the change in
threshold voltage and substandard electrical performance specifically AOS channel
deposited via solution-processed technique. In this dissertation, the role of
inorganic-organic polysilsesquioxane (PSX) polymer was -investigated as passivation
and gate insulator layers for AOS channel through alkyl groups functionalization and
nanoparticle incorporation. . '

Chapter 2 presents the fabrication of loW-temﬁerature PSX as passivation
layer through incorporation of inorganic silica (Q) group. By .introducing Q group,
polymer cﬁring temperature was successfully lowered from 300 °C to 180 °C assisted
by enhanced silanol condensation reaction. Among the twoldiﬁerent.Q ratio introduced
(10% and 30%), lower Q ratio exhibits better performance due to lower excessive water
generation from the PSX layer which accumulated at the interface between
pas‘sixlzation/semicenductor channel. Better device stability was also- achieved through
incorporation of PSX passivation even cured at low temperature. Aside from that,
" improvement of electrical performance was observed through hydrogen diffusion from
PSX pass1vat10n to AOS channel confirmed by SIMS analysis.

Chapter 3 explores a rarely used non-contact spray pyrolysis (SP) techmque



to deposit a passivation layer. SP technique has numerous advantages in term of uniform
scalability with denser film formation which beneficial for passivation layer to act as
‘barrier for AOS TFTs. Moreover, to improve the AOS TFTs performance, fluorine (F)
doped PSX (PSX:F) was introduced taking the advantage of F additives which capable
to increase electron carriers as well as passi\}ating defects in AOS bulk through F
diffusion. To elucidate the barrier ability of SP PSX:F, spin coated (SC) PSX:F was also
fabricated as a comparison. Both SP and SC showed outstanding stability against
electrical bias stress test with excellent electrical performance owing to F diffusion.
Remarkably, huﬁidity stress test revealed the superior barrier ability of SP PSX:F due
to higher film density.

Chapter 4 evaluates the incorporation of barium titanate (BTO) nanoparticles
embedded in PSX matric forming high-k nanocomposite (BTOPSX) material. Different
nanoparticle dimensions were introduced (20 nm and 100 nm) for ferroelectric TFT
applications. BTO is a widely known perovskite ferroelectric material that possess high
dielectric constant with room temperature ferroelectricity which or-iginates from the
non-centrosymmetric structﬁre of one or few ions in the lattice. 100 nm BTO exhibits -
counterclockwise (CCW) hysteresis, meanwhilé 20 nm BTO demonstrates clockwise

. (CW) C-V hysteresis directions. The different hysteresis directions were confirmed
owing to the different in crystal structures proven from XRD data. Interestingly,
ferroelectric property exists for large BTO nanoparticles only at lower fabrication
temperature below its curie temperature. TFT characteristics with BTOPSX as gaté
insulator layer reveals lower operational voltage compared to only low-k PSX polymer
layer. ' |

Overall, this dissertation demonstrates the various roles of PSX polymer
material through structural functionalization approach for thin-film devices. By
understanding the effect of different alkyl groups, additional dopants, and nanoparticle
incorporation, different film properties could be achieved which valuable in tuning the

functionality of PSX polymer in electronic applications.
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