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Fig. 1. (a) Experimental facility; (b) experimental sample
(EPC2055).
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Fig. 2. (a) Schematic diagram of the simulation structure; (b) equivalent circuit of the gate stack.

080709-2


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

Y B ¥ R Acta Phys. Sin.

10

(a) —o— Experiment
Simulation

8t V=01V

Id/mA

‘/th @Id: 1 mA

0

0 0.5 1.0 1.5 2.0
Ves/V
&3 A IR O ELA A
Fig. 3. Fitting results for the pre-irradiation of the device:

MR 4R Y p-GaN 2 ALY FE3L4, p-GaN/
AlGaN/GaN JE I p-i-n 45, 0% 2 5 SEism —
WA 2 18

D7 BB R SE M L35 1Y 25 )2 R B L B 42T
BB 1 s, SR B L, N
0.55 pm, MHRHEES Lo, WHREEES Ly, 735308
0.33 pm Al 3.48 pm. ##fF By i EEfL 2R AL
EAPRL. 2 0BG, U7 B S0 i a4 R T
RS LR A A, &l 3(a) ML 3(b) BIR,
I {1 P AR — 3, SRR HLPE Rl — 552, BEII%
D5 ERTL BA W S5

£1 GTIIMESHIBARTIL R (RA7: om 9)
Table 1.  Doping types and concentrations at each layer
(in cm ).
JEE fum BRI BIIRE /(10 cm ?)
p-GaNJZ 0.62 p 200000
AlGaN#2)Z 013 n 10
GaN{AiH)Z 0.01 n 10
GaNZE iz 0.80 n 1
AN )Z 0.60 — 0
Substrate 1.00 P 10

3 HR RS B A AR AL AT
3.1 BRTFIRE

o B E R OB TE S % 1, SR AR
TR AT, Jbl R IR (I B 40 V, 5
£ 5V, FATRAE T, ZPHIBRAS R SRR,
WA P P T BB 1020, 1] d(a) T, EF
F OB TS R 52V, SEINEIR LR S iR

Vol. 75, No. 8 (2026) 080709
10-°
(b) —o— Experiment Ves =0.1V
Simulation
10-6 ¢
10-7F
<
~
=
10-8
10-9F
S
—10 L L L L 1
10 0 10 20 30 40

Vas/V

(a) FeRE PRI ZE; (b) T i 4 1 il 26

(a) Transfer characteristics; (b) leakage current characteristics.
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Fig. 4. (a) Single event burnout (SEB) curves during Kr irradiation; (b) measured drain and gate currents as a function of fluence.

(1418 1 55 1 i I S it T 2R s I B B
FERDIAE, I i T A B2t 32 8 2= XA pFA R
M. G —JHE e, A 1FRE R R iR S Tr
IR, (AR SE W E BRI, XRITAIRZ

TRRE A DR BRGSO SIAE T, (E S ™ 2R 10
s Bt B A TR A 1) 121,
10
— Fresh Vis =
After irradiation 0.1V

| — After 7-days

Fluence =
5X10% ions-cm 2

Id/mA

—> [|Not fully
recovered

AViy, 0.26 V

Vih QI3 =1 mA

0

0 0.5 1.0 15 2.0
Vis/V

I 5 R RRAT IS He R AR i 4k
Fig. 5. Measured transfer characteristics before and after ir-

radiation.
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Fig. 6. Effect of donor traps in p-GaN layers and AlGaN barrier layers on (a) transfer characteristics and (b) band structure.
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Fig. 7. (a) Gate leakage current & drain leakage current and (b) source leakage current before and after irradiation.
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Fig. 8. Effect of donor like traps in p-GaN layers and Al-
GaN barrier layers on band diagram at the gate.
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Fig. 9. Schematic diagram of current density for p-GaN
HEMT devices with (a) no donor traps and (b) donor traps
present in the p-GaN layer and AlGaN barrier layer.
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Fig. 10. (a) Gate leakage characteristics before and after ir-
radiation and (b) effect of p-GaN donor traps on the band

structure.
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SPECIAL TOPIC— Semiconductor physics and devices

Heavy ion irradiation effects in low-voltage p-GalN
high-electron-mobility transistors”

YANG Fukang! ZHU Jianggen? WU Keping"?  LIU Wenzheng "
GAO Huan?» ZHOU Chunhua?® ZHANG Bo? ZHOU QiY2%f

1) (Shenzhen Institute of Advanced Study, University of Electronic Science and Technology of China, Shenzhen 518172, China)
2) (School of Integrated Circuit Science and Engineering, University of Flectronic Science and
Technology of China, Chengdu 611731, China)
3) (Shenzhen Pinghu Laboratory, Shenzhen 518111, China)
4) (Institute of Electronic and Information Engineering in Dongguan, University of Electronic Science and Technology of China,
Dongguan 523808, China)

( Received 19 November 2025; revised manuscript received 14 January 2026 )

Abstract

Gallium nitride (GaN) high-electron-mobility transistors (HEMTSs) are emerging as critical components in
aerospace power systems due to their superior radiation tolerance and high-frequency capabilities. While
radiation effects on high-voltage devices are well documented, the degradation mechanisms of low-voltage p-
GaN HEMTSs remain less understood. This study investigates the Single Event Effects (SEE) and subsequent
electrical degradation of commercial 40 V Schottky-type p-GaN HEMTSs under 3Kr'®* heavy ion irradiation
(LET = 37.9 MeV-cm? mg!). Experimental results indicate a Single Event Burnout (SEB) threshold of 52 V.
Following irradiation under a safe off-state bias of 40 V, the device exhibited distinct degradation patterns: the
drain-source leakage current (I,) increased by over two orders of magnitude, and the threshold voltage (V)
shifted negatively by 0.26 V. Conversely, the gate leakage current () showed an anomalous decrease.
Combined TCAD simulations and energy band theory analysis reveal that, unlike high-voltage devices where
damage typically occurs in the drift or buffer regions, degradation in these low-voltage devices is concentrated
within the gate stack. The proposed mechanism attributes this to irradiation-induced holes accumulating near
the gate and being captured by donor-like hole traps located in both the p-GaN layer (deep-level defects at
Ey+2.8 eV) and the AlGaN barrier (Ey+0.7 eV). These trapped positive charges lower the electron potential
barrier in the channel, causing the negative Vj; shift and increased subthreshold leakage. Simultaneously, the
compensation of acceptors in the p-GaN layer by these hole traps widens the depletion region of the Schottky
junction, resulting in reduced gate leakage. These findings provide essential physical insights for the reliability

assessment and radiation-hardening design of low-voltage GaN power modules for space applications.
Keywords: gallium nitride, high electron mobility transistor, heavy ion irradiation, single event effects

DOI: 10.7498 /aps.75.20251571 CSTR: 32037.14.aps.75.20251571
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