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Abstract: The efficiency of employment will be influenced and the life span of use will
be reduced when the material is irradiated and the displacement damage which will
change its microstructure and degenerate its character of service is produced within the
material. The transport of proton in GaN was simulated with Geant4. The information
of the type and the energy of the primary knock-on atoms (PKA) created in GaN and
the number of displacement damage were calculated with protons for energy of 1, 10,
100 and 500 MeV. The distribution of displacement damage of 10 MeV proton was
calculated. The non-ionization energy loss (NIEL) was studied and calculated for these
four kinds of energy protons irradiating GaN and the factors impacting the production of
displacement damage were deliberated. The information of the type and the energy of
the PKA created in GaN and the number of displacement damage are influenced heavily
by the energy of the irradiating proton. The NIEL deposited per thickness of the materi-
al decreases along with the increase of the energy of the irradiating proton. The number

of the dislocation atoms increases along with the penetration depth within the projected
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range but will fall tremendously and further reduce when it is beyond the projected range

with 10 MeV proton irradiating GaN. The energy of the proton is not the only factor

which can influence the interaction between the proton and the GaN.
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Table 1 Projected range of proton with different

energy irradiating GaN simulated by SRIM

fig it/ MeV SRIM £ 48) 55} 7 i 58 SCHI R
1 8. 77 ym 10 pm
10 332.82 pym 400 pm
100 18. 61 mm 20 mm
500 273.03 mm 300 mm
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Table 2 Information of PKA with different energy protons irradiating GaN
— —
R ok PR ES e R
MeV it/ %
1 N N 1400 eV~0.11 MeV 78.3
Ga Ga,"'Ga 6 911~51 105 eV 21.7
10 N NN 1400 eV~1.58 MeV  61.47
Ga 9 Ga, ' Ga 6 891 eV~0.35 MeV  37.84
H 'H 1.84~7.74 MeV 0.13
Ge 9Ge "M Ge 14 125 eV~0.3 MeV 0. 56
100 N EN,BNMNPN 1399 eV~13.4 MeV 41.9
Ga 3Ga.1Ga.%Ga.%Ga."Ga.®Ga.%Ga.""Ga." Ga 642.8 eV~4.4 MeV 26.8
H 'H.2H.*H 17 539 eV~95.5 MeV  19.6
Ge 5Ge,%%Ge,"Ge % Ge " Ge,""Ge, " Ge 7 460.8 eV~3.9 MeV 2.5
He 3He.*He 79 446 eV~33.9 MeV 1.8
C oc.\ne.re.ree 8 008 eV~18.1 MeV 2.3
Zn 617n.527n.%7Zn . %7Zn % Zn.%Zn " Zn % Zn %9 Zn.""Zn 2 371.6 eV~5.4 MeV 3.6
Ho Al Cu.B,O.Ni,Fe Be,Li 3123 eV~16.1 MeV 1.3
500 N ONVUINVENUBNLVMNLVPN 1 345 eV~54. 2 MeV 5. 88
Ga 8Ga,Ga,"Ga.%Ga,"Ga,%Ga,Ga,""Ga,"' Ga 448.8 eV~26.2 MeV  7.56
H 'TH.2H.*H 87 385 eV~495 MeV  61. 82
He He,'He.”He.*He 22 706 eV~75.2 MeV  4.41
Ni 5 Ni, " Ni,*” Ni, > Ni, " Ni, % Ni, ' Ni % Ni, ¥ Ni, 6 Ni, Ni,®Ni,” Ni,%*Ni 10 382 eV~23.4 MeV 3.6
Zn 607n.617Zn . %27Zn %3 7Zn %4 Zn % Zn.%%Zn " Zn % Zn.%Zn . Zn 328.6 eV~33.8 MeV 6.8
Cu 50Cu 1 Cu.%2Cu.Cu.®*Cu.%Cu.*Cu.Cu.®Cu.?Cu 692.4 eV~29.9 MeV 2.5
C c e e e ke e 601~7.4X10"° eV 2.79

HoAth xt .Co.O.B.Ti,Ca,Sc.V %

2 816 ¢eV~305 MeV 4. 64
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Table 3 Parameters of Geant4 simulation and results of displacement damage and NIEL
ABRERE/MeV HUE h/mm ABFBTT 5L E4om (T) /MeV NIEL/(MeV « em? » g 1) N4
1 0.01 10° 12 196. 7 1. 80X 10°
10 0.4 10° 108 44. 2 1. 60X 106
100 20 10° 2 885 23.6 4. 36X 107
500 300 10° 22 937 12.5 3.46X108
T REE AN oz S B g i S B MRS 80 pm &b . B AL R AR
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Fig. 1

vs energy of proton
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Fig. 2 Displacement damage

by 10 MeV proton vs depth
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