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Amorphous Oxide Semiconductor {AOS) materials are used in thin-film transistors
(TFTs) which control the on/off state of eachpixel. Unfortunately, even though amorphous
materials such as InGaZnO (a-IGZO) can be fabricated at room temperature, the film itself has
many defects due to the nature of sputtering. For this reason, the TFT devices are typically
annealed from 250°C upwards to improve their electrical properties. Devices on flexible
substrates require new methods to localize the heating or lower the annealing temperature. Thus,
identifying a low temperature annealing process is necessary for next generation, transparent,
and flexible displays.

Previous research has shown that low cost and low temperature methods improve the
electrical characteristics of the TFT. With the aid of surface and bulk characterization techniques
in comparison to the device characteristics, this work aims to elucidate further on the
improvement mechanisms of wet and dry annealing ambients that affect the electrical
characteristics of the device for vacuum processed films. Secondary Ion Mass Spectrometry
results show that despite outward diffusion of —-H and —OH species, humid annealing ambients
counteract outward diffusion of these species, leading to defect sites which can be passivated by
the wet ambient. X-ray Photoelectron Spectroscopy results show that for devices annealed for
only 30min in a wet annealing environment, the concentration of metal-oxide bonds increased
by as much as 21.8% and defects such as oxygen vacancies were reduced by as much as 18.2%
compared to an unannealed device.

Research is also aggresively transitioning to solution processed devices due to the ease of
processability and reduced cost versus vacuum processed films. With the results of the low
temperature annealing methods gathered for vacuum processed films, the wet annealing
ambients are then extended and applied to solution processed films. The AFM, GI-XRD, and
XPS results show that wet annealing ambients can improve the surface roughness of the
film, promote grain agglomeration which may result in small semi crystalline pockets
located in the bulk of the films, and a better oxide network all due to the diffusivity of
water vapor during the channel annealing step. The Wet O2 annealed devices exhibited
decent stability under NBS tests with a small ¥, shift of -5.1 V versus a shift of -12.1 V
for the 250ATM devices. Finaily, the 250W02 annealed devices showed a maximum
field effect mobility of 2.99 cm?/Vs, an ey ratio of 107, and a decent subthreshold
swing S of 330 mV/dec. The mobility of the 250WO02 devices exhibited a 4-fold
increase when compared to the 250ATM devices.

All in all, this work was able to show that a low temperature, low cost annealing method
can produce devices with good electrical characteristics and can pave the way for next
generation fabrication of oxide TFTs on flexible substrates.
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