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Fig. 1. Displacement damage models: (a) Thin target ap-

proximation model; (b) infinite thick target model.
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Fig. 2. The values of NIEL in GaN material induced by

protons with different energies, compared with values from
Ref. [21].

F 2 Bl TR, ARSI SR IR 2 5 2 i)
TR RS R 2R 22T — 2, R T AR SO A
(6 BRPE AN RS P, BMRAERT 77~ /E [ NIEL K,

ESFENBEBG N FEERNE. SRAMEMERET
(< 5 keV), A SCH R G5 BIART SCHk [21] H A9
i, XFZREH T Khanna 5 182338 FE 1A NIEL
BF, P Ga F1 N JiE+ Ty 4 10 eV F1 14 eV,
ZAH 5 5 RS T SCHR A AR HE AR, PRI AR AR
AEALEA T NIEL. BRILZ AR, FERRER T (> 5 keV)
25 R — A 3R Y T RE A o B, B [ A
FIEFEXT NIEL T8 K/ N i 5.

3 RGN

3.1 JRFANH ALGa, N ##aIEEEERE
mitE

BT U LA BRI A 4 S 50, AR SCE
et TANFRE R A RE BT T 5 i AL Ga, N #1}
LAY NIEL R/NFEATHHEE, Hirpr AL JEF R 2L
BN 94 eVE G5 5LANIE] 3 iR . FEAS [0 F- ik
R, 5 ALGa, N #EHR NIEL (1748 fk s
AEARL, BB B - i o 1 R I 2 s/ )N . SR
NIEL K/N5 Al JCE 7 it A 2 522 20 5 8 A
Kk, B Al TR &R, NIEL 19284k n]
SRR ANIR XA 2 5T F g T 29 40 MeV
F, Al SO &R DR R A BGs 1Y NIEL. 4]
m, SRR AE 10 keV Z 470, AIN (%) NIEL
(3.04 MeV-cm?/g) BEiA F] GaN(1.63 MeV-cm?/g)
1 2 £ SAMTES B RER T (KT 40 MeV),
R AR SR A  B, B AL 25 B AR S b
[ HEATARAY NIEL. XBFREf N 100 MeV, GaN
i) NIEL J& 3.33x10* MeV-cm? /g, 1fii AIN fJ NIEL
ALK 1.97x103 MeV-cm?/g.

—— AIN
—— Alg7Gag 3N
100 A AlgsGagsN
-~ AN —— Alp3Gag7N
;?D ) N —— GaN
5 1 ‘“%5:‘:
7 10— 6
C ’ s K
§ 3
< 0.10 . W ‘
E(J 102k ) § 20 60
Z ’ o
0.05 L— " N ;
10-3 F 06 08 1.0

10-2 10-1 100 10! 102 103
Proton energy/MeV

3 ANFRE BT F7E AL Gay N BEH LY NIEL /b

Fig. 3. The values of NIEL in Al,Ga; ,N materials induced

by protons with different energies.
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Fig. 4. PKA information induced by protons with different
energies in GaN material: (a) Overall PKA energy spectra;
(b) fraction of different types of PKA.
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Fig. 5. The fraction of elastic collision events in Al,Ga; ,N
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materials induced by protons with different energies.
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Fig. 6. Distribution of deposited Ty,,, with depth in Al,Ga; ,N materials irradiated by protons with different energies: (a) 150 keV;

(b) 10 MeV; () 50 MeV; (d) 200 MeV.
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Abstract

Gallium nitride materials, due to their excellent electrical properties and irradiation resistance, are expected
to be used in future space electronics systems where electronic devices are composed of different amounts of
Al,Ga; N materials. However, most of their displacement damage studies currently focus on GaN materials,
and less on Al ,Ga; ,N materials themselves. The mechanism of displacement damage induced by 10-keV to 300-
MeV protons incident on Al,Ga; N materials with different Al content is investigated by binary collision
approximation method. The results show that the non-ionization energy loss of Al ,Ga; ,N material decreases
with proton energy increasing. When the proton energy is lower than 40 MeV, the non-ionization energy loss
becomes larger with the increase of Al content, while the trend is reversed when the proton energy increases.
Analyzing the primary knock-on atoms and non-ionizing energy deposition caused by protons, it is found that
the primary knock-on atoms’ spectra of different Al ,Ga; ,N materials are similar, but the higher the content of
Al, the higher the proportion of the self primary knock-on atoms generated by elastic collisions is. For the non-
ionizing energy deposition produced by protons at different depths, the energy deposition due to elastic
collisions is largest at the end of the trajectory, while the energy deposition due to inelastic collisions is
uniformly distributed in the front of the trajectory but decreases at the end of the trajectory. This study

provides a good insight into the applications of GaN materials and devices in space radiation environment.

Keywords: Al,Ga,_,N, proton, displacement damage, binary collision approximation
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