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Abstract: The display industry has recently been at the forefront of innovative advancements in modern electronic devices.

Technological progress such as flexible display holds significant potential across various application fields, particularly in

wearable devices and rollable displays. A low-temperature process is essential for fabricating such displays. One of the key

technologies in displays is the thin film transistor (TFT), with amorphous indium gallium zinc oxide (a-IGZO) receiving

particular attention. a-IGZO is widely applied in high-performance displays due to its high charge mobility and stability. While

a thermal treatment above 350°C is typically required to maximize the electrical performance of a-IGZO TFTs, such high

temperatures pose challenges for utilizing polymer substrates like plastics. Here, we thesis investigates the simultaneous low-

temperature plasma annealing process to develop next-generation high-performance flexible display devices. To define the

optimal temperature, devices were fabricated and analyzed at varying temperatures of 40°C, 80°C, 120TC, and 160T.

Experimental results indicated that devices fabricated at 160°C and 80C exhibited superior performance, with those at 160°C

demonstrating better performance in terms of current ratio, threshold voltage, and subthreshold swing. These findings confirm

that the simultaneous low-temperature plasma annealing process is effective for next-generation high-performance displays.
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Fig. 1. (a) Schematic diagram of a-IGZO TFT according to
simultaneous low-temperature plasma annealing process and (b)
schematic diagram of simultaneous low-temperature plasma annealing
process.
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Fig. 2. Output characteristic curves of a-IGZO TFTs according to
simultaneous low-temperature plasma annealing process (a) 40°C, (b)
80°C, (c) 120°C, and (d) 160°C.
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Fig. 3. Transfer characteristic curves of a-IGZO TFTs according to
simultaneous low-temperature plasma annealing process (a) 40°C, (b)
80°C, (c) 120°C, and (d) 160°C.
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Table 1. Electrical properties according to simultaneous low-temperature plasma annealing process.

Temp Mobility On/Off ratio Vin S/S
(°C) (cm?/Vs) (Ton/Totr) V) (V/dec)
40 4.79 4.9%x10! -11.56 -10.00
80 3.90 1.6x10’ 14.44 0.95
120 5.36 2.0x10* 13.48 2.04
160 5.14 1.0x 107 12.76 1.18
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Fig. 4. Stability transfer characteristic curves of a-IGZO TFTs
according to time at simultaneous low-temperature plasma annealing
process temperature (a) 40°C, (b) 80°C, (c) 120°C, and (d) 160°C.
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Fig. 5. Positive bias stress stability of TFTs with a-IGZO TFTs by
simultaneous low-temperature plasma annealing process temperature
(a) 40°C, (b) 80°C, (c) 120°C, and (d) 160°C (the stressing conditions
were Vgs =+20 V).
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Fig. 6. Negative bias stress stability of TFTs with a-IGZO TFTs by
simultaneous low-temperature plasma annealing process temperature
(a) 40°C, (b) 80°C, (c) 120°C, and (d) 160°C (the stressing conditions
were Vs =-20 V).
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Fig. 9. Schematic diagram of a logic inverter circuit and a-IGZO TFT
characteristic curve for analyzing dynamic inverter operation at
160 C of simultaneous low-temperature plasma and annealing process.
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