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Fig. 1. Neutron elastic scattering cross section of InP.
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Fig. 2. Structure of InP simulated by Geant4.
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Fig. 3. NIEL depth distribution of neutrons at different en-
ergies in the 3 pm thin target.
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Fig. 4. (a) NIEL depth distribution of neutrons at different
energies in the 3 cm thick target; (b) NIEL depth distribu-
tion of 1 MeV neutrons in the 3 cm thick target.
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Fig. 5. NIEL depth distribution of 1 MeV neutrons in the
100 cm thick target.
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F| PKA A2 50 H | ghig (5 B W3R 1, PKA
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ZRR O BT, In/P PKA B4 BT I,

1 120 MeV A3 pm 1Y InP TS PKA BF2E . $0H S3hReE A
Table 1.  The type, number, and energy information of PKA obtained from 3 pm InP thin target irradiated by 1—20 MeV

neutrons.
AR TR /MeV % (PKA)Fh I/hNahfg/eV  BeREhRE/keV  TCRI /%

13116y 1.11 35.01 70.51

1.00
3-s2p 2.48 122.37 29.49
13116y 1.41 89.03 62.08
2.54 3-s2p 14.74 310.69 36.57
H, 31Si 1.57 263.36 1.36
113, 115, 16Ty 2.33 173.05 59.21
5.00 31-32p 6.10 612.41 37.57
'H, 31Si, “He, 2°Al, 2.21 4283.90 3.22
113, 115 1.57 281.82 64.42
8.00 3ip 17.12 980.54 28.80
'H, 31Si, ‘He, 2Al, 113 115Cd 1.00 7282.10 6.78
13, 15T 1.29 350.53 66.42
10.00 3p 1.00 1225.70 25.58
'H, 31Si, “He, 28Al, '°Cd, "?Ag 1.00 9287.10 8.00
113, 115 1.11 417.21 63.21
12.00 3p 1.00 1473.49 27.51
H, 31Si, ‘He, AL, 113, 115Cd, 12Ag 1.00 14315.00 9.29
13, 15T 1.04 492.34 60.26
14.00 sp 1.00 1705.77 29.71
1724, 31Si, 4He, A1, 12 115Cd, 10 112 ¢ 1.00 16463.00 10.03
113, 115 1.12 556.47 57.82
16.00 3ip 1.00 1967.15 31.98
12, 31Si, 1He, 28A1, 1315Cd, 10 12A g 1.00 17593.00 10.20
13, 15T 1.45 631.07 54.70
18.00 sp 1.00 2215.82 34.42
173, 318i, 4He, A1, 11 15Cd, 10 112 ¢ 1.00 21054.00 10.88
113, 115 2.04 703.43 50.34
19.90 3p 1.00 2453.43 37.58
L3H, 31Si, 1He, BAl, 111 15Cd, 10 112Ag 1.00 22391.00 12.08
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Fig. 7. The number of different PKA produced by
1-20 MeV neutrons incident on 3 pm InP.
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Abstract

As the second-generation compound semiconductor material, indium phosphide (InP) has strong irradiation
resistance and high photoelectric conversion efficiency. It has advantages in the field of photonics and radio
frequency. In atmospheric space, high-energy cosmic rays enter into the earth’s atmosphere and interact with
nitrogen (N), oxygen (O) and other elements to produce secondary cosmic rays. The irradiation particles in the
atmosphere are mainly neutrons because the penetration of charged particles is weak. The InP semiconductor
devices are affected by atmospheric neutron irradiation of various energy from all directions, which results in
the internal defects in InP crystals, the degradation of device performance and the reduction of device lifetime.
In this paper, Monte Carlo simulation software Geant4 is used to simulate the neutron irradiation effect, and
the initial state distribution of displacement damage caused by neutrons with different energy is obtained,
including the distribution of non-ionized energy loss (NIEL) with depth, the relationship between NIEL and the
energy of incident neutrons, and the type, number and energy of primary knock-on atoms (PKA). The results
show that 1) the NIEL is uniformly distributed when material thickness is on the order of pm and for the
material thickness on the order of cm and more, the NIEL decreases as the depth increases and can be reduced
to zero when the target material is thick enough; 2) by analyzing the NIEL produced by 1-20 MeV neutrons
incident on 3-pm InP and their distribution with depth, it is found that the NIEL first increases and then
decreases with incident neutron energy increasing. This trend is caused mainly by PKA produced through the
inelastic scattering reaction; 3) by analyzing the type and the energy of PKA produced by 1-20 MeV neutrons
incident on 3 pm InP, it is found that the PKA of In/P accounts for a large proportion, which causes
displacement damage mainly, and the higher the neutron energy, the richer the variety of PKA is and the
greater the maximum kinetic energy of PKA, but the PKAs mainly distribute in the low energy part. The
present research has theoretical and guiding value for the long-term application of InP-based 5G devices in

atmospheric neutron irradiation environment.
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