J. Electr. Electron. Mater.

Vol. 38, No. 6, pp. 659-665 November 2025
doi: https://doi.org/10.4313/JEEM.2025.38.6.8
ISSN 1226-7945(Print), 2288-3258(Online)

Regular Paper

O, E2l=0}0] 2|5} &M= GaON HHEE St AlGaN/GaN High
Electron Mobility Transistors (HEMTs)2| 7| EM skAl

=) = - = - o
SEMBI, 0| X &7, B2, A2, O[T A2, B S,
HRA?, HABS, SELS, UBM?

Improvement of Electrical Characteristics of AlIGaN/GaN High Electron Mobility
Transistors (HEMTs) Through GaON Interfacial Layer by O»-Plasma

Seokhyun Han!, Jihun Lee!, Changgeon Lim?, Namhun Kim?, Jaesung Lee?, Sungwook Kang?,
Yujin Jeong?, Younghun Han?3, Juneo Song?, and Yoon Seok Kim?

! Department of IT-Semiconductor Convergence Engineering, Tech University of Korea, Siheung 15073, Korea
2 Department of Semiconductor Engineering, Tech University of Korea, Siheung 15073, Korea

3 Wavelord Co., Ltd., Hwaseong 18589, Korea
(Received August 14, 2025; Revised September 11, 2025; Accepted September 12, 2025)

Abstract: AlGaN/GaN High Electron Mobility Transistors (HEMTs) are emerging as next-generation semiconductors optimized
for high-power and high-frequency applications, with their performance highly dependent on the surface and interface quality
of the AIGaN/GaN structure. In particular, the 2-Dimensional Electron Gas (2DEG) formed in the AlGaN layer is susceptible to
trapping by surface defects, which degrades electrical characteristics and makes the device vulnerable to degradation. In this
study, we propose an approach to enhance device reliability and performance by forming a gallium oxynitride (GaON) interfacial
layer through O: plasma treatment on the AlGaN surface. This method effectively suppresses interface defects, resulting in
improved electrical properties such as reduced interface trap density (Dit), threshold voltage (Vi) shift, increased drain current
density (la), and enhanced transconductance density (gm). Furthermore, this surface treatment demonstrates the potential for
process simplification by improving the electrical characteristics of power semiconductor devices without the need for complex
deposition steps.
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Fig. 1. Schematic diagram of band structure in heterojunction
AlGaN/GaN based HEMTs.
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Fig. 2. Directions of spontaneous and piezoelectric polarization in
AlGaN/GaN HEMTs.
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Fig. 3. A schematic diagram of Oz plasma for GaON formation.
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Fig. 4. Epitaxial structure of this study.
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Fig. 6. Schematic fabricated device structure of this study.
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Table 1. Plasma experimental conditions.

Treatment condition Plasma power (W) Process time (s)
Low energy plasma 40 60, 90, 120
High energy plasma 80 60, 90, 120
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Table 2. Root mean square of surface roughness over plasma power
and time.

Plasma power (W) Rq 60s (Nnm) Rqoos(nm)  Rq120s (nm)
Low energy (40) 0.145 0.138 0.122
High energy (80) 0.186 0.169 0.160
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Fig. 7. 3D surface morphology from AFM (a) before O2 plasma treatment, (b) plasma treated by low energy plasma source, and (c) plasma

treated by high energy plasma source.
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Table 3. Di: over Oz plasma power and time.

Plasma power Dit_60s Dit 90s Dit_120s
(W) [cm™2-eV] [cm™2-eV] [em™2-eV]
Low power (40)  9.87 x 102 5.45 x 1012 3.04 x 1012
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Fig. 9. AVis measurement graph.
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