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Fig. 1. NIEL of 1—300 MeV protons and o in InP materi-
als: (a) Proton [Y%); (b) al'l.
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Fig. 2. The simulation settings of InP solar cell: (a) Proton
and o energy spectrum in low Earth orbit; (b) simulation
structure diagram of InP solar cells, the schematic of 500 pm
x500 pm area source ion-incident 500/1000/5000 um InP
materials (deep blue) after 150 pm SiO, (light blue).
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Fig. 3. The simulation settings of InP electronics in space-

A&/ (MeV-nuc—1)

(b)

craft: (a) Proton and a energy spectrum after the shielding
of 2.54 mm Al in low Earth orbit; (b) simulation structure
diagram of InP solar cells, the schematic of 500 pmx500 pm
area source ion-incident 500/1000/5000 pm InP materials.
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Table 1. NIEL of InP induced by proton and a in
low Earth orbit after the shielding of 150 um SiO,.

BFAZE JEEE/um NIEL/(MeV.em?g!)  BSHURHK

500 0.00219 0.01023
lish 1000 0.00159 0.01381
5000 0.00075 0.01017

500 0.00705 0.02649

a 1000 0.00697 0.01609
5000 0.00691 0.00797
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Fig. 4. The distribution of Tgym with depth of 5000 pm InP
materials induced by proton and a in low Earth orbit after
the shielding of 150 pm SiO,. The shadow of values is

standard deviation which is calculated by ten simulations.

3.2 fiREEA InP B FREMBIRGHR

AT Geant4 FLHUZE 2.54 mm #5125l
J 19 3 Ml A0 R SRR AR 500,/1000/5000 pm
InP iz i . 38 2 i M aE N i 7 o BT
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i) NIEL LS, BECR B Wl 102, Ui
BOE B HORE /N e R A3 Ar e 2 WAL T
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JE7E InP /=¥ NIEL 4iit3&

Table 2. NIEL of InP induced by proton and a in
low Earth orbit after the shielding of 2.54 mm Al.

RFRIZE JEE /um NIEL/(MeV-om?g?)  BHREK

500 0.00403 0.00511
lish 1000 0.00387 0.00554
5000 0.00300 0.00840

500 0.00704 0.01135

o 1000 0.00702 0.00505
5000 0.00689 0.00290
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# 3 ANIFEFFRAE T T BUE AT o BEF7E 500 um InP H AR RYAR B AR E B OTRETL B

Table 3.  Annual non-ionizing damage energy and percent of proton and a in low Earth orbit after the shielding of 150 pm

Si0y and 2.54 mm Al in 500 pm InP materials.

MR ASPRLT BHH AR B/ MeV di bt/ %
/ish 53395886 26452.04 98.73
150 pum SiO,
o 222307 339.85 1.27
B 94458945 86520.48 99.58
2.54 mm 45
o 219853 365.77 0.42

NIEL Pl 5 B2 iy 388 Mo, 98/ N B2 R 25%. 45
G 5(a) 4307, Ze3 2.54 mm 482 RS BY 1T H
BB N T F7E 5000 pm InP AR ) Tam BETGE
R NITTES 3 N R S T E (YN iR i o o i 1
1E 0.08—0.2 keV N, AR HBLE 4 H 5 F 1 T 1£
InP FRFRi S 2R T A BLS. IR AR T4 2 ik
J5 BT b TE T 3 50T TE 50—200 MeV, g
BT FTE InP APEHP SRR KT 5000 pm, A
FEAE R AR 076 AR} AT & AE 3R L B AR 10T
RGO, PRI Toam BB AARES T ] 4 A2 40/)N.
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S oa2f T
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%w%
&90
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NHHREE /pm
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% ] ° ¥ "] o
< @ 0% om o %
g P Q90° o0
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& o031t S, % >
o Po
R
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ANGHAEE /nm

K5 I HELIE N ook F £ 0t 2.54 mm 3R R JE TE
5000 pm InP 17 A (1Y Tuam FERBE 4370, 0(E (19 9152 02 8
10 YA T FEA ) A A o i 22

Fig. 5. The distribution of Tyay, with depth of 5000 pm InP
materials induced by proton and a in low Earth orbit after
the shielding of 2.54 mm Al. The shadow of values is stand-

ard deviation which is calculated by ten simulations.

2 2 ¥ o KL F7E 500/1000/5000 pm InP Hi=
A () NIEL {8 B JE B A 38 i), 360N e B2
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NS, A AE 500 pm InP Bk 7= A 1) 4
e B i 3RE, T LB S OO b A R 3 A P o
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& 3 WA B A L T 3 H LA B 5T
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S R o R R F B RE R LA P
ZH. ARV HIBIE T A o RT3 150 pm SiO,
A4 500 pm InP 77 AE B SRR B B i RE T, BT
FEA AR FL B R RE O LIk 98.73%, o ki L
1R 1.27%; FETHIFGE TR o B 25 2.54 mm
FRZ G A ST 500 pm InP 7= A= i s AR H B 5 405 fE
b, B AR AR LB R T RE 7 A 99.58%, o ki
F i AR 0.42%. BEBHIT B EE P InP BRI
Mith 2Ok A TR iR,

4 % b

A Geant4 WFFE T HUHLE N BFFT o F
FAEAE THFEEE (500/1000/5000 pm) K InP
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A RETS 23 A1 FIATEHEEE , P NIEL B R/, BEiS
HRRERL T o LR, MPBHE B 0N NIEL {5 8
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Abstract

Indium phosphide (InP) material hasmany advantages, such as large band gap, high electron mobility, high
photoelectric conversion efficiency, high temperature resistance, and radiation resistance, which is superior to
silicon (Si) and gallium arsenide (GaAs). Meanwhile InP is widely used in optical communication, high-
frequency millimeter waves, optoelectronic integrated circuits, satellite communication, space solar cells, and
other fields. Radiation particles incident on InP device can generate displacement atoms inside the device
through elastic processes. And these displacement atoms continue cascade collisions to generate lattice defects
which are vacancies, interstitials, and clusters. These defects capture electrons-holes by defective energy levels in
the energy band, and then resulting in a decrease in the life of minority carriers which is the reason of
degradation of InP devices. The process of degradation of InP device, induced by lattice defects from ion-
irradiation, is called displacement damage effect (DDE). The non-ionizing loss energy (NIEL) scaling is a useful
method to predict the degradation of device caused by DDE of radiation particles. Many studies have shown
that the NIEL is linearly related to the damage coefficient of InP device. Previous studies of radiation damage
effect of InP device mainly focused on single-energy protons, electrons, and neutrons. Of the particles in low
earth orbit (LEO),the vast majority of particles are protons, with a few being a particles and electrons, while
the electron’s NIEL is too small and its DDE is negligible. The InP’s NIEL induced by proton and o energy in
LEO has not been studied in detail. Therefore, this paper uses Monte Carlo software Geant4 to study the NIEL,
damage energy distribution with depth, and annual total non-ionization loss energy generated by protons and o
particles in LEO in 500/1000/5000 pm InP materials. The shielding of 150-pum-thick SiO, layer and 2.54-mm-
thick Al layer from protons and o particles are used as InP solar cell and InP devices in spacecraft, respectively.
It is found that the energy spectrum determines the non-ionizing damage energy Tgm distribution, and then
influences the NIEL value: the NIEL value increases with Tym increasing and thickness of InP material
decreasing. And a NIEL is larger than proton’s, the single particle DDE of InP device, induced by a particles,
should be concerned. The annual non-ionizing damage energy of proton accounts for 98%, which means that

proton is the main factor degrading InP devices in LEO.
Keywords: InP, displacement damage, Geant4, non-ionizing loss energy, low Earth orbit
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