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Fig. 1. (a) Cross-sectional SEM image, (b) schematic cross-section of the p-GaN gate GaN HEMTs, and (c) equivalent model of the

gate stack structure.
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Fig. 2. Calibration of TCAD simulation and experimental results for the p-GaN gate GaN HEMTs: (a) Transfer characteristics;

(b) output characteristics.
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Fig. 3. (a) Circuit topology, (b) test board, and (c) test bench of the surge current test.
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Fig. 4. The VSD-T waveforms of the device during the surge current test with different pulse.
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Fig. 6. Device characteristics under surge current stress with different pulse widths: (a) Isp-Vgp characteristic curves, the inset

shows the quantitative correlation between Ay, and Ejypepys; (b) variation of maximum surge energy Fygemax With Ieak-
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Fig. 7. Gate leakage characteristics of devices under surge current stress with different pulse widths: (a) 10 ms; (b) 7 ms; (c¢) 5 ms.
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Fig. 8. Decapsulation of failed device.
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Fig. 10. FIB image of the failed device: (a) Top view; (b) cross-sectional view.
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Fig. 11. TEM images of the failed device: (a) Overall view;
(b) enlarged view of the gate region; (¢) EDS energy spec-

trum analysis.
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Table 1. Main device parameters used in TCAD

simulation.
Symbol Description Value
Lgg/pm Gate-to-source distance 1
Lg/pm Gate terminal length 1.49
Lgp/pm Gate-to-drain distance 18
Lgpp/pm Source-field-plate length 11.2
Lppp/pm Drain-field-plate length 1.78
tAIGaN/DIML Thickness of AlGaN barrier 16
tep/ B0 Thickness of GaN Channel 1.58
byuter/ 0L thickness of GaN Buffer 3.57
tan/pm thickness of AIN Nucleation  0.22
thss/ W0 thickness of passivation 8
to Gan/nIM thickness of p-GaN cap 92

tgm,mm]/ nm Thickness of the gate metal — 132.7

WFq/eV Work-function of the gate metal 4.5

Mg doping concentration of
p-GaN

Npyfrer/ (10 cm™)  Carbon doping of GaN buffer 3

N, Gan/ (10" cm 3) 1.5
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Fig. 12. Electric field simulation results of the device under the conditions of I, = 17.3 A, Vgp = Vigp = 31 V: (a) Overall distri-
bution map; (b) local magnification of the gate; (c) electric field distribution at the X-cutline.
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Fig. 13. Device simulation results at [, = 17.3 A and Vgp = Vgp = 31 V: (a) Conduction band diagram; (b) valence band dia-

gram; (c) comparison of energy bands with the initial state at Vyp = Vgp = 0 V at the Y-cutline.
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Abstract
Gallium nitride high-electron-mobility transistors (GaN HEMTSs), featuring high frequency, high power

density, and superior efficiency, have become core devices in next-generation power electronics. However, in

practical operating environments such as DC-DC converters or half-bridge circuits, GaN devices are frequently
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subjected to surge current stresses of varying magnitudes and pulse widths. The resulting reliability concerns,
characterized by parameter degradation or even catastrophic device failure, remain a critical bottleneck limiting
the widespread adoption of GaN technology. In this work, the reliability of a commercial 650 V Schottky-type
p-GaN gate GaN HEMTs under surge current stress in the third-quadrant operation was systematically
investigated. The surge current capability and gate leakage evolution of the devices were experimentally
characterized under surge pulse widths of 10, 7, and 5 ms. The results indicate that a reduction in surge pulse
width significantly enhances the device’s surge current capability (with a maximum improvement of
approximately 18.3%) and mitigates the hysteresis phenomenon induced by self-heating effects. Specifically,
the hysteresis time decreased from 1.27 ms under a 10 ms pulse width to 0.46 ms under a 5 ms pulse width.
Furthermore, the shorter pulse width alleviates the gate leakage current degradation caused by surge stress,
with an overall reduction in the leakage current increment compared to longer pulse width. Through multi-
dimensional failure analysis using OBIRCH (optical beam induced resistance change), FIB (focused ion beam),
TEM (transmission electron microscope), and EDS (energy dispersive spectroscopy), complemented by TCAD
simulations, the failure mechanism under surge current stress was elucidated. The intense electric field leads to
the degradation of the gate Schottky contact, triggering a sharp increase in gate current. At the peak failure
surge current, the gate current density reaches as high as 6.43x107 A/cm? Ultimately, the synergistic effect of
the strong electric field and excessive gate current induces electromigration of the gate metal, resulting in the
formation of distinct voids at the original metal site. This study elucidates the surge current endurance and gate
leakage degradation behavior of Schottky-type p-GaN gate GaN HEMTs under third-quadrant operation with
varying surge pulse widths, and discovered the failure mechanism associated with Schottky contact degradation-
induced metal electromigration, providing valuable insights for the design and application of high-performance

GaN power devices.

Keywords: GaN high electron mobility transistors (HEMTSs), surge current, failure mechanism,

electromigration

DOI: 10.7498/aps.75.20251573 CSTR: 32037.14.aps.75.20251573

080803-11


http://doi.org/10.7498/aps.75.20251573
https://cstr.cn/32037.14.aps.75.20251573
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

TRIEFRIRNL ) T B AR R p-GaNiy B T 2 A B BT i

Bk BWAE I s EA KK A

Reliability of Schottky—type p—GaN high—electron—mobility transistors under surge current stress
PENG Rong  QIU Binju  HUANG Shuting WANG Long ZHANGBo ZHOU Qi

5] Fi{# B Citation: Acta Physica Sinica, 75, 080803 (2026) DOI: 10.7498/aps.75.20251573

CSTR: 32037.14.aps.75.20251573

TELR T2 View online: https://doi.org/10.7498/aps.75.20251573

A ZE View table of contents: http://wulixb.iphy.ac.cn

AT ARG HAh SCEE

Articles you may be interested in

AR TIEAGaN R L FIEA R AR E iz . B LS55

Forward transport, degradation, and breakdown of hydrogen—ion—implanted GaN high electron mobility transistor gate

YIBR2EA. 2026, 75(5): 080803 hitps://doi.org/10.7498/aps.75.20251343

H BT ARIXF ALGaN/GaN i HL 11T A 38 i (A (TR P AR P 1 52 i)

Effect of heavy ion radiation on low frequency noise characteristics of AlGaN/GaN high electron mobility transistors

YrH2E 4. 2024, 73(3): 036103 https:/doi.org/10.7498/aps.73.20221360

A o P T TR A3 R A SN E 2 R R R 1 B [T

Structure parameters design of InP based high electron mobility transistor epitaxial materials to improve radiation—resistance ability

YrH2E 4. 2022, 71(3): 037202 https://doi.org/10.7498/aps.71.20211265

Z I GaN L T IERE A A A B PRS00 B4 L AR S UL S R s M e A
Electrothermal modeling of self-heating effects in multichannel GaN HEMTs and optimization of field plate structures
YA 2026, 75(7): 037202  https://doi.org/10.7498/aps.75.20251466

FEE LM I B HEAH-SIC DIZEMOSFET RSB 5
Failure mechanism of double—trench (DT) 4H-SiC power MOSFET under unclamped inductive switch test
YAz, 2022, 71(13): 137302 https://doi.org/10.7498/aps.71.20220095

Mt S T B 5 IO A AR ) S A R A A
Inkjet printing high mobility indium—zinc—tin oxide thin film transistor

WAL 2024, 73(12): 128501 hitps://doi.org/10.7498/aps.73.20240361


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.75.20251573
http://wulixb.iphy.ac.cn
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.75.20251343
https://doi.org/10.7498/aps.75.20251343
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20221360
https://doi.org/10.7498/aps.73.20221360
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20211265
https://doi.org/10.7498/aps.71.20211265
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.75.20251466
https://doi.org/10.7498/aps.75.20251466
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20220095
https://doi.org/10.7498/aps.71.20220095
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20240361
https://doi.org/10.7498/aps.73.20240361

	1 引　言
	2 器件特性与浪涌实验设计
	2.1 器件结构与基本特性
	2.2 浪涌电流测试原理及平台

	3 浪涌电流测试结果与分析
	4 器件失效机理分析
	4.1 失效特征分析
	4.2 浪涌应力下器件体内电场分布及失效机理分析

	5 结　论
	参考文献

