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Fig. 1. (a) Cross-sectional schematic diagram of the hydrogen-ion-implanted GaN HEMT; (b) top-view of the sample surface;

(c) transfer characteristic curve; (d) gate leakage current curves.
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Fig. 2. (a) Gate forward bias temperature-dependent cur-

rent-voltage characteristics; (b) temperature dependence of

the gate current.
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Fig. 3. (a) Forward gate T-I-V characteristics plotted in
log-log scale: (b) low-frequency noise spectral density under
different biases.
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planted GaN HEMT gate before and after degradation;
(b) noise power spectral density under different gate biases;
(¢) “hot spot” image obtained by electroluminescence mi-
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Fig. 5. (a) I-V characteristics before and after breakdown;
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Abstract

For GaN digital circuits, the p-GaN high electron mobility transistor (HEMT) is widely adopted as an
enhancement-mode device. To convert enhancement-mode devices into depletion-mode ones, traditional
methods of achieving depletion-mode operation rely on high-energy ion etching to selectively remove portions of
the p-GaN layer. However, this etching process often leads to surface lattice damage andincrease in interface
state density, resulting in the formation of gate-edge leakage paths. These issues lead dynamic on-resistance to
increase and long-term reliability to decrease. Instead, hydrogen ion implantation has been used as a non-
destructive doping modulation technique to mitigate these challenges. In view of this, in this study hydrogen ion
implanted technology is adopted to achieve the transition of enhancement-mode p-GaN HEMTs to depletion-
mode HEMTSs. By employing temperature-dependent current-voltage (7-I-V) sweeping, low-frequency noise
analysis, and lock-in infrared imaging techniques, the forward current transport, degradation and breakdown
behaviors are investigated. The results are shown below. 1) The gate forward T-I-V curves exhibit a significant
power-law relationship in double logarithmic coordinates, the current slope is insensitive to temperature, and
the activation energy is derived to be ~52 meV. Neither of the classic pn junction theory and the space charge
limited current model can explain the current behavior, whereas a defect-mediated electron hopping mechanism
is identified as the dominant transport mechanism. 2) A long term of gate bias stress leads to the degradation
into a typical rectifying behavior, indicating that the p-GaN region undergoes reconstruction in certain areas.
The forward current exhibits an ideality factor of approximately 2.6 and a typical 1/f noise spectrum, indicating
that the defect-assisted tunneling current is dominant. 3) High gate bias induces a current breakdown. Lock-in
infrared imaging and pixel-by-pixel correction techniques are used to respectively obtain the breakdown site and
the “hot spots” temperature.

Keywords: hydrogen ion implanted, GaN high electron mobility transistor, transport mechanism, degradation,

breakdown

DOI: 10.7498 /aps.75.20251343 CSTR: 32037.14.aps.75.20251343

1 Corresponding author. E-mail: daweiyan@jiangnan.edu.cn

050705-7


https://doi.org/10.1016/j.sse.2005.02.003
https://doi.org/10.1016/j.sse.2005.02.003
https://doi.org/10.1016/j.sse.2005.02.003
https://doi.org/10.1016/j.sse.2005.02.003
https://doi.org/10.1016/j.sse.2005.02.003
https://doi.org/10.1016/j.sse.2005.02.003
https://doi.org/10.1016/j.sse.2005.02.003
https://doi.org/10.1016/j.sse.2005.02.003
https://doi.org/10.1016/j.sse.2005.02.003
https://doi.org/10.1116/6.0001211
https://doi.org/10.1116/6.0001211
https://doi.org/10.1116/6.0001211
https://doi.org/10.1116/6.0001211
https://doi.org/10.1116/6.0001211
https://doi.org/10.1116/6.0001211
https://doi.org/10.1116/6.0001211
https://doi.org/10.1021/nn504303b
https://doi.org/10.1021/nn504303b
https://doi.org/10.1021/nn504303b
https://doi.org/10.1021/nn504303b
https://doi.org/10.1021/nn504303b
https://doi.org/10.1021/nn504303b
https://doi.org/10.1021/nn504303b
https://doi.org/10.1109/LPT.2017.2724143
https://doi.org/10.1109/LPT.2017.2724143
https://doi.org/10.1109/LPT.2017.2724143
https://doi.org/10.1109/LPT.2017.2724143
https://doi.org/10.1109/LPT.2017.2724143
https://doi.org/10.1109/LPT.2017.2724143
https://doi.org/10.1109/LPT.2017.2724143
https://doi.org/10.1109/TED.2020.2965953
https://doi.org/10.1109/TED.2020.2965953
https://doi.org/10.1109/TED.2020.2965953
https://doi.org/10.1109/TED.2020.2965953
https://doi.org/10.1109/TED.2020.2965953
https://doi.org/10.1109/TED.2020.2965953
https://doi.org/10.1109/TED.2020.2965953
https://doi.org/10.1109/TED.2020.2965953
https://doi.org/10.1016/j.spmi.2018.04.038
https://doi.org/10.1016/j.spmi.2018.04.038
https://doi.org/10.1016/j.spmi.2018.04.038
https://doi.org/10.1016/j.spmi.2018.04.038
https://doi.org/10.1016/j.spmi.2018.04.038
https://doi.org/10.1016/j.spmi.2018.04.038
https://doi.org/10.1016/j.spmi.2018.04.038
https://doi.org/10.1016/j.spmi.2018.04.038
https://kns.cnki.net/kcms2/article/abstract?v=K6QWI_fIKJG1Vc8xyOHDJcaoQj2yBA9BqZGNss-wqX1GKjnJabhI6TCkeXCE6m6luqJZGR9NF075N6HwnIQRMMoHWuIrwLL0CixS7hKRZw-5X1iF8rVRbG7jBOD7aFWviwyjuT8Tth4I4hnnJ1ppM979KVSpueSPEV6K_6qOCVCwohPueMc0JmZiPdV0wtvD&uniplatform=NZKPT&language=CHS
https://doi.org/10.1063/1.3657154
https://doi.org/10.1063/1.3657154
https://doi.org/10.1063/1.3657154
https://doi.org/10.1063/1.3657154
https://doi.org/10.1063/1.3657154
https://doi.org/10.1063/1.3657154
http://doi.org/10.7498/aps.75.20251343
https://cstr.cn/32037.14.aps.75.20251343
mailto:daweiyan@jiangnan.edu.cn
mailto:daweiyan@jiangnan.edu.cn
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

AR THENGaNF BT IBREEEMRERAE. BUEHT

KAK M FEL EBR MM IHle TEHRE EXA

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

ZHANG Dongkai HU Qing GUO Yulong ZHAIYing LIU Xushan = WANG Zixu YU Guohao YAN
Dawei

5] Fil{5 . Citation: Acta Physica Sinica, 75, 050705 (2026) DOI: 10.7498/aps.75.20251343
CSTR: 32037.14.aps.75.20251343

TEZE 71 View online: https:/doi.org/10.7498/aps.75.20251343
I N2 View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

B TR AIGaN/GaN 5 L T A5 2R S AR e s e ) 52 M

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

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

WA 8 o LT IR A S A S NE S M R L 1 e BN [T

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

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

HAT P R HAR B T A B 8 A p-GaNHFALGaN/GaN HEMTHFFE
Study on H plasma treatment enhanced p—GaN gate AlGaN/GaN HEMT with block layer
PPz, 2022, 71(10): 108501  https:/doi.org/10.7498/aps.71.20212192

T ST B R A R AR B B S A A A

Inkjet printing high mobility indium—zinc—tin oxide thin film transistor

PPz, 2024, 73(12): 128501  https:/doi.org/10.7498/aps.73.20240361
EE?ﬂf/\%ﬁ%%ﬁ‘ﬁubrene/cﬁoﬁkﬁ'ﬁ:ﬂi%ﬂﬁ% B Je L R 4

Modulation of half-band-gap turn—on electroluminescence in Rubrene/Cy based OLEDs by electron injection layer mobility

PFEEEAR. 2024, 73(21): 217202 hitps:/doi.ore/10.7498/aps.73.20240864

B A U S NIE 5 AIN

Ton implantation induced nucleation and epitaxial growth of high—quality AIN
YrH2E . 2024, 73(19): 196101  https://doi.org/10.7498/aps.73.20240674


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.75.20251343
http://wulixb.iphy.ac.cn
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.71.20212192
https://doi.org/10.7498/aps.71.20212192
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20240361
https://doi.org/10.7498/aps.73.20240361
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20240864
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20240864
https://doi.org/10.7498/aps.73.20240864
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20240674
https://doi.org/10.7498/aps.73.20240674

	1 引　言
	2 器件制备与测试
	3 结果与讨论
	4 结　论
	参考文献

