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The rising demand for next-generation applications, such as augmented reality (AR), virtual reality (VR), and
wearable devices, has made ultra-high-resolution displays with pixel densities reaching thousands of pixels p
er inch (PPI) essential. Achieving such high resolutions requires innovative driving circuits and advanced stru
ctures for the driving units. Conventional planar thin-film transistors (TFTs) face significant challenges at nan
oscale channel lengths, including short-channel effects and threshold voltage (Vth) instability, which reduce re
liability and performance [1]. Therefore, planar TFTs are inadequate as drivers for high-resolution displays, p
ositioning vertical channel TFTs (VTFTs) as a promising alternative [2]. Conventional VTFTs feature spacers
between the top and bottom electrodes, with a channel layer formed along the spacer sidewalls. However, si
dewall interface conditions can result in unstable channel characteristics and lower carrier mobility compared
to planar TFTs [3],[4].

Herein, we propose a novel VTFT architecture utilizing a dual-layer metal oxide channel structure, as depicte
d in Figure 1(a). To further enhance integration, the top electrode of the VTFT is employed as the reflectiv
e electrode in OLED devices, enabling a VTFT-based top-emitting OLED integration. We address channel st
ability by implementing an HfOx-based dual-layer oxide spacer, which generates a quasi-2D electron gas at t
he oxide interfaces with high electron density, as shown in Figure 1(b). This concentrated electron layer faci
litates main channel formation at the interface, while optimizing the dual-layer thickness maximizes carrier m
obility along the channel path. Additionally, pulsed Joule heating enables localized activation of the active la
yer without external thermal processing, allowing low-temperature processing by avoiding direct substrate heat
ing. This supports flexible display applications compatible with various substrate materials. Experimental resul
ts indicate high performance with a mobility of 16.34 cm3Vs, Vth of 0.2 V, subthreshold swing of 0.4 V/d
ec, and an on/off ratio exceeding 10° (Figure 1(c)).

Finally, based on these results, we propose an integrated VTFT/OLED structure, realizing a high-integration
display component. The integrated VTFT/OLED solution not only offers superior mobility and stability but al
so supports low-temperature processing for diverse substrates, contributing significantly to advancements in ne
xt-generation display technologies. This approach shows substantial potential for applications in AR/VR, wear
able devices, and high-resolution monitors, advancing new possibilities in display technology.
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Figure 1 (a) Schematic of a vertical stacked integrated-OLED device with VTFT, (b) Schematic diagram of the formation
of quasi-2D electron gas at the interface using HfOx spacer and oxide double layer channels and the related mechanism,
(c) Transfer curves with different 1IZO/IGZO thicknesses.
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