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Table 1. SHI irradiation parameters.
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Bl 1 AFRE R TR T, GaNVIGh R VTR M 7045 (a) 1.70 MeV/u Xe; (b) 8.33 MeV/u Xe;
(c) 2.71 MeV/u Ta; (d) 6.47 MeV/uTa

Fig. 1. Spatial distribution of initial energy deposition in GaN under different SHI irradiation: (a)

1.70 MeV/u Xe; (b) 8.33 MeV/u Xe; (¢) 2.71 MeV/u Ta; (d) 6.47 MeV/u Ta.
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Fig. 2. Time evolution of temperature and energy at the ion track center of GaN under different SHI

irradiation: (a) electronic temperature; (b) electronic energy; (c) lattice temperature; (d) lattice

energy.
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K3 ANFEPREE TR R, GaN figBE B 2046 (a) 1.70 MeV/u Xe; (b) 8.33 MeV/u Xe;
(c) 2.71 MeV/u Ta; (d) 6.47 MeV/uTa

Fig. 3. Spatiotemporal distribution of lattice energy in GaN under different SHI irradiation: (a) 1.70

MeV/u Xe; (b) 8.33 MeV/u Xe; (¢) 2.71 MeV/u Ta; (d) 6.47 MeV/u Ta.
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Fig. 4. Spatial distribution of temperature and energy in GaN under 1.70 MeV/u Xe irradiation: (a)

electronic temperature; (b) electronic energy; (c) lattice temperature; (d) lattice energy.
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e, fE 500 ps £ E BT Bt GaN A HB i & 5% B KR AR L4108 1.3 nm (YRS i L

51.70 MeV/u Xe BFHal T GaN [k~ =Kl (a) Ips; (b) 20ps: (c) 500ps

Forp P AERAERERE X AR, RORIRTALRE A2 B P EARSR SR T A0 T 1040 o B 1AL
PN
Fig. 5. The cross-sectional schematics of GaN under 1.70 MeV/u Xe irradiation: (a) 1ps; (b) 20ps;
(c) 500ps. Here, r denotes the amorphous molten region radius, and Rq represents the atomic
displacement radius. The color scheme represents the displacement magnitude of atoms relative to

original positions.
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Fig. 6. HCP structure fraction of Ga atoms under different SHI irradiation.
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(a) 1.70 MeV/u Xe r=1.33nm (b) 8.33 MeV/u Xe r=1.01nm
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K7 ANFAPRE S TR, GaN BEEMERAZ 246 (a) 1.70 MeV/u Xes; (b) 8.33 MeV/u Xe;
(c) 2.71 MeV/u Ta; (d) 6.47 MeV/uTa

Fig. 7. Radial profiles of local structural entropy of GaN under different SHI irradiation: (a) 1.70

MeV/u Xe; (b) 8.33 MeV/u Xe; (¢) 2.71 MeV/u Ta; (d) 6.47 MeV/u Ta.
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Sequeira et al. (Simulation)

Sequeira et al. (Experiment)
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Fig. 8. Quantitative comparison of amorphous track radii in GaN under SHI irradiation with

experimental datal®1%l.
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K9 ARREER THET GaN B 712/~ E Bl (a) 1.70 MeV/u Xe: (b) 8.33 MeV/u Xe: (c)

2.71 MeV/u Ta; (d) 6.47 MeV/u Ta

Fig. 9. Schematics of ion tracks in GaN under different SHI irradiation: (a) 1.70 MeV/u Xe; (b)

8.33 MeV/u Xe; (c) 2.71 MeV/u Ta; (d) 6.47 MeV/u Ta.
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Fig. 10. Radial distribution function in GaN under different SHI irradiation: (a) Ga-Ga bonds; (b)

N-N bonds.
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Velocity effect on microscopic damage mechanisms of gallium

. . . . . . . *
nitride under swift heavy ion irradiation

LIANG Jiayu V' HE Shaowei V) BAI Yurong ) ZHANG Yuxin ) ZANG Hang

LI Pei Y LI Yonghong U LIU Wenbo Y HE Huan Y?" HE Chaohui Y1

1) (School of Nuclear Science and Technology, Xi’an Jiaotong University, Xi’an 710049,
China)
2) (National Key Laboratory for High Energy Pulsed Power, Xi’an 710049, China)
Abstract
This study employs a multiscale simulation method coupling the two-temperature
model with molecular dynamics to systematically investigate the microscopic

mechanisms underlying the swift heavy ion (SHI) velocity effect on irradiation damage

in gallium nitride (GaN). The simulations describe the coupled energy transfer between

the electronic and lattice subsystems on the femtosecond timescale, together with

transient lattice melting, recrystallization, and microscopic defect evolution on the

atomic scale. The results indicate that, under similar electronic energy loss conditions,
a lower incident ion velocity leads to highly localized energy deposition and
consequently more severe lattice damage. Taking Ta ion irradiation as an example,
when the incident velocity decreases from 6.47 MeV/u to 2.71 MeV/u, the continuous
ion tracks composed of N2 bubbles become more pronounced. Specifically, the radius
of the amorphous core expands from 2.21 nm to 2.46 nm, and the maximum diameter

of the central N, bubbles enlarges from 3.2 nm to 3.6 nm. Meanwhile, N, molecules

linear density rises from 8.25 x 10® cm! to 11.37 x 10® cm’!. indicating that

low-velocity ions induce more severe decomposition of the wurtzite GaN lattice.

Furthermore, there is a proliferation in the densities of both the abundant Ga-rich and
N-deficient metastable zincblende GaN nanodomains generated around the ion tracks
and the screw dislocation networks that exhibit a strong spatial correlation with them.
The high density of microscopic defects induced by low-velocity ions could elevate the
probability of forming vertical leakage channels, thus serving as a critical potential
factor that exacerbates the risk of single-event burnout in GaN devices. This study
provides an essential theoretical basis-and data support for understanding the electrical
performance degradation mechanisms of GaN devices under SHI irradiation and for

advancing radiation-hardening designs.

Keywords: gallium nitride, swift heavy ion, irradiation damage, velocity effect, ion

24



track

* Project supported by Innovation Scientific Program of CNNC, National Natural Science Foundation
of China (NSFC) (No. 12405298), China Postdoctoral Science Foundation funded project (No.
2024M762610) and the Fundamental Research Funds for the Central Universities (No.

xtr062025004).

1 Corresponding author.E-mail: huanhe@xjtu.edu.cn, hechaohui@xjtu.edu.cn

The first author.E-mail: liangjiayu@stu.xjtu.edu.cn

25


mailto:huanhe@xjtu.edu.cn
mailto:hechaohui@xjtu.edu.cn
mailto:liangjiayu@stu.xjtu.edu.cn

	1  引 言
	2  模拟方法
	2.1  双温模型
	2.2  分子动力学模拟

	3  结果与讨论
	3.1  热峰作用下的飞秒超快动力学
	3.2  重结晶
	3.3  辐照损伤

	4  结论
	参考文献
	Velocity effect on microscopic damage mechanisms 

