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Recently, amorphous In-Ga-Zn-O (IGZO) thin-film transistor (TFT) has been employed as driving device
in manufacturing the next-generation displays. Various IGZO TFT structures, such as the top-gate (TG),
bottom-gate (BG), and double-gate (DG), have been investigated in terms of performance and stability.
Although the observed better stability of DG TFTs than that of BG TFTs has been frequently attributed
to the relaxation of electric-field [1, 2], it has been seldom quantitatively proven.

In this work, the origin on the superiority of positive bias stress (Vgs/Vps=30 V/0 V) stability in DG TFT
to BG TFT is quantitatively investigated by using TCAD simulation [3]. Although the PBS-induced AVt
of BG TFT (AVrtpgg) is larger than that of DG TFT (AVrpg) [Fig. 1(a), (b), and (c)], a simulation result
shows the trapped charge density (Diuapped) in @ top and bottom gate insulator is the same each other (TG,
BG, and DG) [Fig. 1(e) and (g)]. It suggests the better stability of DG (compared with BG) is attributed
not to an electric-field relaxation followed by less charge trapping but to the larger gate-coupling capacitance
[Fig. 1(f)]. Our finding accounts for the more sophisticated design and optimization of DG a-IGZO TFTs.
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Fig. 1. Ip-Vg curves of (a) TG, (b) BG, and (¢) DG IGZO TFTs. (d) The TCAD-simulated $Vi-tg,
characteristic, (e) profile of trapped charges, (f) vertical electric field, and (g) schematic illustrating
charge trapping mechanism.
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In this study, we have developed a silicon oxynitride (SiON) deposition process using a plasma enhanced
chemical vapor deposition system for the gate insulator of AlGaN/GaN metal-insulator-semiconductor
heterostructure field-effect transistors (MIS-HFETs). A SiON insulator was deposited by using SiHs, N>O,
and NH; mixtures as reactant gases. The refractive index increased with SiH, and NH; flow rate while
it decreased with N,O flow rate. The deposition conditions as follows; a gas flow rate of SiH4s/N,O/NH;
(=50/25/25 sccm), a source RF power of 100 W, a chamber pressure of 500 mTorr, a deposition temperature
of 350°C. The fabricated device exhibited a excellent characteristics in terms of pulsed I-V and dynamic
on-resistance characteristics (Rpswon), especially. We investigated the temperature dependent dynamic
on-resistance of the fabricated device without a source field plate. The Rpsen Was increased by only
1.36 times at 200°C operation. It was found that a SiON gate insulator for use in normally-off AlGaN/GaN
recessed MIS-HFETs had superior switching and reliability characteristics.
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Fig. 1. (a) Transfer, (b) pulsed output, and (c) temperature dependent dynamic on-resistance characteristics
of fabricated AlGaN/GaN-on-Si MIS-HFETs
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