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Abstract

Gallium oxide (Gaz03) material is one of the representative ultra-wideband semiconductor mate-
rials, with wide bandgap, high breakdown electric field, and other excellent physical properties,
and has a broad application prospect in the device of deep space exploration. To study and reveal
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the effect of radiation damage on the detector performance of Ga;03; material in the deep space
environment, this paper uses Geant4 simulation to study the radiation damage effects produced
by different energies of neutron irradiation of Ga;03; material, including displacement damage and
ionization damage. The results show that the recoil atomic energy generated by neutrons in Ga,0;
is mainly in the low-energy region, and all of them are scattered at a small angle; For secondary
particles produced by neutron irradiation, inelastic scattering and fission reactions occur with
large energy losses, and neutrons have significant nuclear reactions; when the neutrons are
transported in Ga,03 material, a certain number of secondary protons, gamma particles, neutrons,
and alpha particles are generated, which will cause ionization damage to the Ga;03; material. Ga;03
material, all of which cause ionization damage and displacement damage. The simulation results
provide theoretical guidance for the experimental study of Ga,03; materials under a neutron ir-
radiation environment, which is of reference value for the application of Ga,03; materials in deep
space exploration.
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1. 51§

BEE N S MR R IR0 8, 7523 8] 3208 )32 1S F AR RS (1 £ A FL 705 N2
fFo WIER UL, fiR BTSSR G2 B 00723 M IR BT 520 AR5 B IS A A ARER M 1 5 2A
R GERRLZ —, B (Ga 0s) Mk EA 5a i Bi(4.4~5.3 eV). =il 2 Hi1%(8 MV/cm) g i &5 1k [1]-[3]
LT HIYERTERE, TERIIR TP AT RN AT [4]-[6]. [FE, BT Ga f1 O J&F[7] [8]f
PR RETE i, —MAAA Ga 05 3L 28 Lt Si Al GaAs J: 85 1F B A TR I BB R 4R 51 Ak 11 . IX#/535E T Ga,04
(B ERT S AR R T B IR K 7. — Mok, P& N HER T IHE TR, eAIaREE
I RERL IR H[9] [10]. SERTIIWIFLR M, G GaOs MEHA SRR IERT, [ H BA RIFHIEeHiie 5
REI[11] [12], BEMETEELIIIE R TAE, (HIEARF ISR IR . H AT Ga,0 7EHR F IS (1 45 1 i
7B TR I IR b Ga0s MRVE IR 5 IR EAAT N S M RE S AT 0 AU 35 BB B S A = S

R R (R R SR B M R R R T, TR B B AR, X H TR A3 AR SR A
teAh, T b T s e A S A AR R T HRER[13]. DR, R AR S AR DG B R AR R —
AU 7]

A R SR g e R v R T, B I R T ISR AT R S AL B B DURRAE Gap0 W, A R AR AL
Fe A3 A R B 45145 o TEIX LS B PRI F HIVE R, GapOs M1 R AT Rt 22 52 B L BS B B 5145 (521 . Ga,04
Xof H 5| D PR RS RS 5B AR AR . LR A S P T R R AT SR RE TR AR IR Ga,05 MR A
S [14]-[16]. {H2 BT 20T 7045 I AN BE B3 S i Hh v - R BT S B 45 0 I BB A 2 A, A Rl 42
() S AT R B SRS L L S 5038 4k, I HoH Tl gi o J/ 7 i — okl 1, oy P «
RS (8] 50 A HUH F R RERE DOBIE 7E i AR A B, 10 ELATF SR F I 75 v LU RORDRE , RIS REAYD
JE AR URAYOR_EARARME R 1) o 5 A b b bR LRG0 & 4 0, IRANRE 58 & 25 R SR IR R i =S
FIREE. SR, B mPERETH AL R, i v AR A A 1L i B 7 5 DR AR ELVE F 2,
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B PR Ga 03 MBI EBING, K52 5 Eik LR TR AEMBAER, IFRprfEar i — 0 re
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TR A DR OB, SEEL=YITEM B8k, [RITBF 2 O U 2 45 338 2 0% = 1 e A R A S 1 8
L, SEMBIRG. AR, KA T 10.04 FRANK Geantd, I L P &5 T 4 1 (10 A5 SR 7Y
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3.2. JLiUgH

FE SR 2% ()RR PR AR N N SRE T FR) B  J3 AT 0 ¥ R B S ) TR e DL I S A PR S ) A R R
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Figure 1. Schematic diagram of Ga,O; model
and incident particle source model
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4.1. PKA BEiE %5

HFTE Ga,0; Fi iz it i &5 5 Ga. O JRFRAS0EMEE, T3 Ga i 15 O i FRAESN,
BT R ASCHA T 5 x 108 AR BER AT F4EIE Ga,0s, PRI PKA. W 2 FT7R 2 Ga i+
1O JFF PKA figili 7011 1. Ga. O J5i 7] PKA R fig & 8 IO D , PKA EZERERREIX,
Kt 5 Ga i1 O Ji7 5 b KA KRe AR S s iU #2 . sk, MR &, Ga i1 PKA %
HRT O J5i¥ PKA s, X RBUHAXY T O i FHERSIER Ga i 5. WNEEE L&, O ik
Keg# 3.5 MeV KT Ga Ji FREER, 1L G SRR it s F% 450 2k 1) 1 EERUE .
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Figure 2. (a) PKA energy spectrum of Ga atoms, (b) PKA energy spectrum of O atoms
2. (a) Ga JRFH) PKA BEIE, (b) O JRFHY PKA BEI%

4.2. PKA #5 /&

I DR EE AL T E AT, BRSBTS SR R A A A B R B A O
530, Wil 3 fint Ga JR T PKA F1 O 51 PKA B M0 AiBl. M Ga. O JR-T BN £ 70 A
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Figure 3. (a) Scattering angle distribution of Ga atoms, (b) Scattering angle distribution of O atoms
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Figure 4. Scattering angle distribution of off-site atoms at neutron energies of (a) 0.2 MeV, (b) 0.5 MeV, (c) 5 MeV, (d) 10
MeV
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4.3. REBMIRF

H T 5EEM B BEREEFZERRMER: SEFRIEAMSZINETIE-. hFhdh
voE T RSP IER T ZEEA T, Fh 7 A S JLPASEREE S PSR Pz e R e
PEBUR (0, n) AESPEBUR (0, n) FESIEEIR(, ) LR N, Hrp Ga. O Ji 1 PKA 22 3 P Hiuh il 72
R, TAREAEERI(N, 7))~ (0, )FI(n, p)id 2, B0 A EHEEUR LT y T\ o RiF 5547 R T BE
B, Gl 5 FNAR IR y FUR o KiTRERER]. IS 5 WTAN, HFAE Gay0s MR = A IR y RT3
BRAGRME, (HEBETE L, RAAEEER 8.8 MeV, XFKUIZEIESHIERUN It T K AL B4
SRVERIC BE R, S A AR — 20 A, R LR B R L B AE . gamma 4k, 1kZK alpha
Kyt y RN — N EY, HEHBEE Re E RIS KGN, 16 3 MeV A7 IAFIIE(H,
{H alpha Fi¥ e & A REHIAS] 19 MeV, Xt B TE AR g B F2 4 AR B o F I RR E AR AR K, X H A
MRS, FELETHEER. EREAHEIE.

i 6 fs A AR Ga03 M= A IR+ IR IRGHTFRIRETE . ML 6 Hmrn,
RGP FHREARKR, W HAEEE R, B FEEAT M R AR T SR U S AR U . IR T
L TR TF. BN NER, (HERERERK, XRUPTIE Ga0s ME AT IR EER
L, #E—B08r, PRI R TR . SRR AR R . TR Gay0s MR
AR AS T RAER, RGETIRIE £ 22 Ry R s = A, E— B e AR IR
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Figure 5. (a) Secondary gamma energy spectrum, (b) secondary alpha particle energy spectrum
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Figure 6. (a) Secondary proton energy spectrum, (b) secondary neutron energy spectrum, (c) the energy spectrum of second-
ary electrons
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Figure 7. (a) Secondary gamma scattering angle, (b) secondary electron scattering angle, (c) secondary proton scattering an-
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