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Geant4 simulation of displacement damage induced by proton irradiation in InP
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Abstract: As an important second-generation semiconductor material, indium phosphide has wide
bandgap, fast electron drift and better radiation resistance than Si and GaAs. It can be used as an
alternative material for the preparation of electrical devices on space vehicles. With the nano-size of
semiconductor devices, the displacement damage caused by low-energy proton irradiation in space
environment is one of the main factors affecting the electrical properties of components. In this paper, the
types and proportions of Primary Knock-on Atom(PKA) produced by low energy protons irradiation and the
depth distribution of Non-Ionizing Energy Loss(NIEL) of protons with different energies are obtained by
Geant4 simulation. The results show that the probability of proton capture and nuclear reaction increases
with the increase of proton energy, which decreases the proportion of recoil atoms In and P and enhances
other recoil atoms in elastic collision. The NIEL peak tends to move forward in depth of the bulk material
with the increase of proton energy, which means the area of serious displacement damage gradually shifts
from the end of the material to the surface of the material.
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Tablel InP thickness of different energy protons incident in Geant4

i . X . K energy/MeV SRIM range/mm thickness/mm
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Table2 Summary of PKA information produced by proton irradiation

energy/MeV element recoil atoms energy range Egan(T) percentage/%
P ’'p 3097 eV-0.12 MeV 2 653 eV-0.059 MeV 84.4
1 In 11315 298 ¢V-0.033 MeV 288 eV-0.029 MeV 15.6
P 031p 1163 eV-3.32 MeV 1033 eV-0.24 MeV 47.1
In 1y 245 ¢V-1.09 MeV 237 ¢V-0.58 MeV 355
50 proton 'H 1.68-47.2 MeV 557-593 eV 8.0
Si #308i 0.023-4.32 MeV 0.016-0.23 MeV 2.5
Sn 1911280 0.064-0.99 MeV 0.055-0.5 MeV 5.8
others '2Cd,*He,*Mg,>*H 0.56-8.46 MeV 5918 ¢V-0.34 MeV 1.1
P #31p 3122 eV-5.81 MeV 2 674 eV-0.27 MeV 36.8
In 107113105 116 eV-2.07 MeV 113 eV-0.92 MeV 345
100 proton 'H 1.52-91.8 MeV 555-1622 eV 159
Sn 1071101128, 0.097-2.86 MeV 8246 eV-1.14 MeV 6.7
cd 1051071013 0.24-3.3 MeV 0.16-1.21 MeV 1.0
others >*H,*He,”Ne,"*** Mg, AL*'S, 0.18-17 MeV 5870 eV-0.22 MeV 5.1
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500 cd %I4cd 1873 eV-18.6 MeV 1781 eV-2.6 MeV 6.0
others >H,>*He,*’Be,'*''B,'>*C," N, 434 ¢V-66.5 MeV 391 eV-2.1 MeV 16.9
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Fig.1 Variation of Ny and NIEL with proton energy 1 MeV Fig.2 NIEL depth distribution with different proton energies in InP
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