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Abstract

As a kind of III-V semiconductor materials, GaAs, with direct band gap and high carrier mobility,
has a good anti-radiation ability, and makes an important candidate for the preparation of space
devices. However, when the semiconductor devices were working in space, they will be affected by
the radiation of the complex space particles, resulting in the degradation of the device perfor-
mance, the decrease of the reliability and the limitation of the lifetime. Therefore, it is of great sig-
nificance to analyze the irradiation effect damage of the GaAs material. This paper reviews the re-
search progress on the damage effect of different particle materials on GaAs materials and devices,
and expounds the influence of different particle irradiation sources on the structure and lumines-
cent properties of GaAs. This paper has practical significance for the further application of GaAs
materials in space environment.
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1. 518

GaAs 1ENH ALK, HAABEEWH (.42 eV). =B T IE® 2554 5.(8500
cm?/vs) [1] [2] [3], A&t -2 B AR, AERBHREHMb . SRR A T Z R H - [,
GaAs MRHEA RIAFRIHTAR IR AE JI[4] [5], i & 2 (A 4 () B e i kb —

SR, SRS A)  TARRS, 232 BR A i AR SR I I, nas(a] iy k7 22 1)
R BLR AR TR) XS24 (6] [7] [8]. KiyHRMf & SARHE TR M AN, FERRHE A6 KA
G 580 AR . RN, PR IR S BARSPR RS, e MORHE B ISR T A AR AR 1
[9] [10]. PAIBL, WETTRLTXF GaAs Ak} 4R T8 15 B4 0% F 3 HOL HL S8 23 TR BOR Hh N2 FR) A A
FEfire ASPRILEA TR, ARG TR GaAs MBI SRETE R IR, iR GaAs
PR 25 (B A8 i (R it — 2 W AL RAT SR

2. FREIRLFXF GaAs #4225 - a0 R IR (5 R 52
2.1. BRI GaAs MR RS HHRYIRG TR

XFF BRI PR E, I B ERER S AR, MhERAR SN AV SRR S AN LR ST
N RS 32 b 51 F0 7Rk, PRI BRIE 9 T4 RN GaAs A1BE K S 1 f 75 0 GaAs H0i i 7 28 7E
PRI A EERE .

SRPTHEXT GaAs/Ge A FHAE FLH Y FL RS B O HEAT 1T T, WETUAREL, RREER ST ER LS, A
BRI, PR E R T ANFIREEE MR, AR IS ORI . RIS, R B
HIE %, BRI OLTS) AR IR E TR P51 0.42 eV, 0.43 eV ITRBES R .
S otk RV RIAE T2, SR AR SRR S, IR0 FRL S R AN ) AT R 2 ) R A
J5 AR 1 AR SR A R RE[11].

2015 4, A 55 55 Nl AR e BUAOE eI W 7T 7 HL TR O GaAs IIFZI, 83 Arrhenius 22 A
KL GaAs PAFAE =FARRE M R A, RN/ T 70 K R REZ BRI, H3(E, + 0.71 eV) 2 /KR Bk
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I H2(E, + 0.41 eV)Z XA, I H ORI H3 BA B & a2 &% [4]. A4, Mazouz H, Logerais P O %
NRFBAEBA T AL T 1 MeV B4R I GaAs KBHAE R RERI 2, B 1 4R IR 51 NBRiG
SECARAHSHT R, WK 1R, K3 GaAs KBH AE B3 A 10" efem ™ f BT IR SRR L AU
HLF4R R 23 7E GaAs H 7= Ak HL T E3VE4 DL 723 IR HA, 1% /2 5 S50 7% LI (Jso) I8 A0 1) B 5 R [
[FJEF, X R 7t 2 (B R (Vo) AR AN o 17 LG5 R R I, 2 i 7P B2 5 A BB 45 A 5ok
FH e B PR RE A BN 35 B2 [12]

Tunhuma S M %5 AFI A8 IR BE BRSO IE A0 70 1 M 4R ELE n-GaAs T 5 AR IR B fes . 4 AT,
*j*il'l:'j;-\ﬁﬁ E083(EL2)®%|Z/E7’ %ﬁﬁ)ﬁ%tﬂfﬂ EOO4’ E014’ E017’ EOSB’ EOGS’ ﬂl:]lél zﬁﬁiic ﬁﬁ L‘DLTS’
R EL2 GhEEZH Eozss Eogsr Eogs ZLAT72EM, RIULRIAN, BR 7 ZEMAIEIBRSN, mAsH FHREE ST
n-GaAs # ki85 Kk — R IR LT EL2 BB o 8] HL T B R [13]

R, EEBIESARCEECECER T 1.0 MeV HLT1£ GalnP/GaAs/Ge % 45 A BH fig B it o i 5|
EEIEREE, TR R S AR BT JEfE S B A 0, JRiEIE Arrhenius fZkHfE T2 A L AT
TEAGEE, AR B A0 p B GaAs HIL(E, — 0.96eV) [ ES HLF-HREFA[14]. H EIR} 2 i B 58 B0 T
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Figure 1. 1 J(V) characteristics of GaAs solar energy after electron irradiation: (a) J(V) characteristics as a function of flu-
ence for 1 MeV electron irradiation; (b) J(V) characteristics as a function of defect level for the electron fluence of 10%°
elcm2; (c) (d) J(V) characteristics as a function of defect level for the electron fluence of 10 e/cm™ [12]

B 1. BFiREEx GaAs APHEEEM J-V HHEAISING: (a) 1 MeV EEF4RMR, FEIERIBE T/ J-V 4514 ; (b) 10° e/om
ERIBEE T/ E TRIERFE J-V 4514%; (c) (d) 10 e/em *4BREE T A FA ARG J-V $514[12]
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Figure 2. DLTS spectrum for then-GaAs after electron irradiation: (a) DLTS spectrum for the sample before and after irrad-
iation (where the lower line is the DLTS spectrum before irradiation and the upper line is the DLTS spectrum after irradia-
tion). Inset: the DLTS spectrum after irradiation for 24 hours; (b) L-DLTS spectra of unirradiated samples and L-DLTS
spectra with different temperatures after irradiation [13]

& 2. BB F5EMR n-GaAs B DLTS i&: (a) HMIERAIFH DLTS iIZ(HP TEMNZLAERE, tENERERE). 1§
E: 3&5 24 NETEMRBIRZELE; (b) RiBEHFMAY L-DLTS KiERIEREFELIRE TR L-DLTS 3£iE[13]

FURNAIASE AR FHBEE N 1 MeV, JEE A 1 x 10™%cm? (i H 734 InGaAs/GaAs & T M k4TI, &
L TR B AR, S7ER B 5N Frenkel B, Frenkel HFA1E k4R b ER S 2 & F 0, SEPL
SRPEVRTS s MORER G AR AU 2 pH AR st B AN B[R FH 7= AR (9 [15] o 8 RS 1R 1 B o (R B A7 7
I R ORI T R ELIR, BRI IE A T PL IE(ERERIZRS, SRR RN, & In-Ga
JEFEHY B, PARRE RO A TE, RS PL G R B2y B sz H IE R LS, W
Kl 3 Fiam o

HLF AR 22X GaAs MBL K BRI BUR KU sEm , — MO0, 5 IR S AR RO 220855, GaAs
RIS A 22 AR S ek, IR SR B BOR, SRloRe FE ey o 4 R 2 51 N7 IR e RS LU G PR R B3 E2, EB,
E4 %5, 25U HLE, A BT B A Frenkel SRF6, 1% LL5R [ I T B2 S 3L GaAs M kL& 381550 R (1)

2.2. FRFEEER GaAs MR KBS H-HR AR

2 [ S A5 R M ERFR S 5 K PH 2 B S R RVl S R A e TR BH 2 S 26, 24 K BH R BE
RAER, FEAKE BT R RST, IR Bk T R o T 4L HRIAT 2 1 B 2R R B AR %
ANTT A T RET ORI T, HaKER R T . Rk, WFRUE T GaAs MRL AR RO E R, )L
ek, ENANT GaAs K THEROHHT ¥ KENIR, FHL L, Re@EbRElbTRmE, 48
1837 fi%, HARMB B Ll AR B K.

PIMVIE TS S5 AN 4R I 25 0] GaAs/Ge K BHREFIME AT TRFFE, R IUAE FIth 03 FAAH )i B2 1
10 MeV Jii TR B AR R L 1 Mev L FHEIEHE &AL 3 N ES, B 10 MeV i T 45 BRI 4R B 4147 L 1 Mev
MR AR E 3 N R, IR IET PR AR A I, 4R BT 5] NI B o0 FT T AR R
WAKIE, BF4EBESINRN E.—0.12 eV Ml E.— 0.18 eV [IVRRE BRI, R TR S ANKIN E. — 0.18 eV
1 E; — 0.65 eV HIVRREHBIF[16]. 2008 4F, BXEAE NXMKRE I FHE I/ GaAs/Ge X BHRE HL b PERETH 1L
FARGHLVEREAT T IC . TR RS GaAs/Ge A B HLjth i HH 14 Bl Bt 4 TR A A s A 38 K A,
K 4 FiR, BT RRES RS R L, TR IELE GaAs/Ge KPH HL iR 51 N T 1 FE TR BE LB IG , 20 5l
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Figure 3. PL spectra of electron irradiation of InGaAs/GaAs quantum wells: (a) PL spectra of InGaAs/GaAs quantum wells
as a function of electron fluence; (b) PL intensity intensities of InGaAs/GaAs quantum wells with different electron fluence
versus excitation power density; (c) The luminescence peak center wavelength changes of InGaAs/GaAs quantum well sam-
ples with the electron fluence at different excitation power densities [15]

3. BB F4RER InGaAs/GaAs B FRHHT PL itk (a) InGaAs/GaAs B Fh PL iR FE2MTL; (b) InGaAs/GaAs
EFHHEREFAERFIETH PL RS BEMBLANEREZERNEN; (¢) InGaAs/GaAs & FHHEMETREIH A IE
BET A SIEF DR KRR FEEMTL[15]
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Figure 4. Variation curves of electrical properties of GaAs/Ge solar cells with different energy proton irradiation: (a) Varia-
tion curves at 50 K; (b) Variation curves at 100 K; (c) Variation curves at 170 K [17]

E 4. TEREERTFIRET GaAs/Ge KFHE M MRS KT E T AL () 7£ 50 K THYZE{LhZE; (b) 7 100K
TR ILEIZ; () 7 170 K FRYZ{LEZ[17]

NE.—0.24eV. E.—0.33eV. E.—0.38eV. E.—0.52eV. E.—0.72eV il E.— 0.75 eV, HEFEIIGEL AL
B R IR e B A R AN R AR [17]

2015 4, Pursley B C %¢ Ni@ i YEEUK Y GIEHFFL T 5 MeV Jii 48 B 7E n-GaAs 8L B id pl (1) 48 1
PA3[18]. AEE SR B AT J5 AR PL Jeil T n, 8 MRS ISR R, RN, FREEAR XL 1512 eV L
(1) P1 Abs (AT ERIE AT LA 1.485 eV 0o 1) P2 38T Ak 52 F2 BRIE I 2 o (H A2, 7 T 1.443 eV, 1.408 eV,
1.326 eV F 1.297 eV (1] P3, P4, P5 Fl P6 B & i ik seun 2. P3 F1 P4y P1 Al P2 (175 F
F2R, PS5 Tl P6 A2 2% i I . P4 TEHE B J5 1287 7 2L P A SR, X T BB A2 Bl T 51 N IR BR B i 5 8801
Wik 5 FioRs.

2017 4F Tan L Y %8 AR A R] 73 7% PL OGS 70 0T 142 IR AE GaAs/AlGaAs 254K 4 v it 5| AN [4&
R o JE I ] 6 I PL VSR AN ERIA T 77 i e i HEL T S PO o v B A, I 5 HE 5 | AR ) A S B 5 )
. RIS, @ EIS TR, GaAs/AlGaAs 1% - KL, RHXTREE A MEENE &M,
JR T4 IR 5] 2 A B N Shockley-Read-Hall (SRH)E &reboty, HI-TH3E A i#i 7[19].

AR JE X GaAs MOEL R SRR EOR T R . WHTIER, AR R B RO R I K
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Figure 5. Photoluminescence (PL) of n-GaAs material at different irradiation doses: (a) Photoluminescence (PL) measure-
ments of irradiated and reference samples; (b) Relationship between peak intensity of PL and ir-radiation fluence [18]
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Figure 6. The influence of radiation doses on the PL spectra of the sample: (a) PL spectra with different radiation doses; (b)
Time-resolved PL spectra with different radiation doses [19]

[ 6. RIERIFLS PLOLEIEMN: (1) FREEIERE FHSM PL K, (0) FEIEMRER THRERIE 5 PL
(1]

Fe bk Re M BOR T A ar, WBIRFIERK, BRIEES K. BHEBHESEMR SN, HiEE R 74
I B N IR RELR SR b H 4R IR B N IR BE SR BE SR, W TRl &7~ 4 E5(E. — 0.96eV) SR BEZk St
i, B FHERSXT GaAs PR 2 r= A T KRERHh . X2FNRFRREZ K THT, A
MR TEEHETESIGEE, Frelsl NFIERE S ERE F iR
2.3. BFERY GaAs W R 4aiRGsR

A, BT AAE REREFARFIN, WATES EET, KIS IR AR 35 F PR E .,
2007 F, Xz NS F AR 2 IR AR 0, WF 0B FAR IR GaAs/Ge KRH A8 it 4 BE RS2,
R IUE GaAs/Ge A [SH HL i 1) B A H Tl 28 362 sk 31 JFAF 1) 50%I), 2 MeV BR B T- T i vk & 9 1 x 10 em 2,
T 51 AR R BE 08, 2 MeV Jili 5 B FE B B4 2.1 x 102 em 2, X C B F4m ey s 20w A
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B, XEWETRAE T C TR B/, H 218 sOKRH B b P Re B 32 FE[20]. 2015 4%,
Deshmukh P %5 \ A B 25 745 I8 GaAs kL, B4R HE 22 FEAIK SI-GaAs T 1 #int 175 i H48 in H fa B 2 [21],
{4, Singh A 25 NHASH KIS FRIEHEXT GaAs #RIHTER, 53] 7 HIFL[22]. Bobby A
S NHFFL T 25 MeV C 55 148 IR KT Ni/n-GaAs H R34 &2 “ A JRURT Bt 28 R ik B O S0, B9F 9 R 80
BEE SRR, AR AR S, HARAE S H b 2 R AR, WlE 7 FoR. B HE AR
RO, R H A 28 1) PR B8 135 57 AR 1 32 e Bk e A3 55 23]

2015 4= Kapitonov Y V %5 A 4578 T 30 KeVGa ™1 35 KeV He' & T4E 6} InGaAs/GaAs & T [
BT SRS B RE A o BIF T R IS - BT B S S R R (0 R T B R e 0 i e i, ] 8 TR,
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Figure 7. The capacitance and dielectric constant of the material before and after irradiation: (a) The capacitance of the ma-
terial before and after irradiation; (b) The dielectric constant of the material before and after irradiation [23]
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Figure 8. Reflectance spectra of samples at different irradiation fluence: (a) Reflectance spectra of Ga* ions at different ir-
radiation fluence; (b) Reflectance spectra of He" ions at different irradiation fluence [24]

8. EFEREBNETHMINRIIE: () £1FE GA'EFREBENE THMINREE; (b) EFE He' B FieiR
T8 TH MR 51 [24]
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R SR BT IR TR RS TS, ISR SR RE T S8 IER, 5 Ga(In)M As 2= fiAH
RIS SR P AH 9% [24] o

2016 A AR RS TR ARSI K GaAs #BE  FIRDCECAOC AL 8 B BT ST AL,
I H SRR GaAs MM A GYEREARXS b, 25 3 AL S 2 4 FR A 5T 1 i OGS A At RO P RERE M
SEEAF . T THEMUR 1 Cas 6 S L7 T FEEIZHTINGT, 913 nm Ab 1 52 £ i g e I S 19 K /DS 1 Kr
BTG AME ROt e Ko JTHEIUE LO 751U ARG Mg 5E R AR AT 424K, TO 75 T IR,
B TARIRUE LO 75 TG s A, Ve fr iRty Az s, HARARPEREDE, TO Myt an il migos, &
ARG R e A W] SR AR [25] o i S 4.5 MeV [R50 120 il IR B Ak B (P ) i B RE(N 1Y) GaAs #4
Kle KIS TS P AL GaAs #18F LO A I AR MiRe 2, HILARRIFRRETE, TO W BE4R I E i
FEORTIHE . TXT N A GaAs, #EE, fi8 i LO WA TO WAL IE Il 5 P UM, (HIL 248 I
UMK, (RIS T, HA T I UL, LO A RV Ay i B I A T P A
AR MR RAAES, XUHIRVIERI T, SARRBIFRAS% GaAs B R Ei i £ W] & 152
Wi, 40P 9 Frzs. N RUBPRLLE P RURDRER AR I VUK, X AT RE2 t TR &t 1 A 2R O R B a5
R g 1 5 22 [26]

X TR FHRE, BRI A R R B, (HRMEIE R GaAs MRS FPERE AT HT R
TR, HAEARARIGE BT B TR GaAs MBL AR M Z R T TR, B iR 2K GaAs
FOBE R AR B 775 i P M AL P AR, PR AR AR 2k fE, IR BN AR S AEM R i
2 EREERIG, TR TR GaAs MBL LA AF RO D5 T 2t — P IR R 7T
3.

HRSRE

ASEMA R AR AT R, B T A FERL AR GaAs MR KA AR AR IR B0 2008, B
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Figure 9. Raman spectra of samples by Kr irradiation: (a) Raman spectra of P-type GaAs by Kr irradiation; (b) Raman spec-
tra of N-type GaAs by Kr irradiation; (c) LO peak shift as a function of implantation damage dose of N-GaAs, P-GaAs and
SI-GaAs [26]
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