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Abstract

This study offers a comprehensive exploration of primary defects in GaAs crystals and their impact
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on carrier dynamics, employing Photoluminescence (PL) and Transient Reflection (TR) spectros-
copy. At 77 K, PL spectroscopy reveals two antisite defect luminescence peaks at 851 nm (Gaas) and

924 nm ( Gag ), with related optical transition models established. Transient reflection spectros-

copy further examines GaAs carrier dynamics post-photoexcitation. Comparing room-temperature
and 77 K experiments shows defect states act as non-radiative recombination centers for photogen-
erated carriers, altering carrier relaxation and reducing lifetimes. A theoretical model of carrier
relaxation pathways is also presented. These results elucidate GaAs defect luminescence mecha-
nisms and carrier regulation, enhancing understanding of how semiconductor material defects af-
fect device performance and longevity.
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1. 5|8

TR (GaAs)TE A — P B T-VIR AL S 0 Sk, MBS TAE e s B i Sk, R ILH Ak
R ss, BONN T 2 M5 AR SR MRl . GaAs /EEEHRE SK, 2BWEEN 142 eV, EHT
ILLAME B TAE, SR RDG L RER, 15 B RO O & 200 RN, H&# O
AL G SRS FAE R S (KDDL B i A B AN E[ 1] [2]. GaAs EE=R T
sk R E, TR T INEEN SE5HI[3] [4]. BEE XN GaAs AWHENTIFT, Ho EBEEGE I ZE FVE R 2 52
K. BINERBEILERREA H0 EL2, Xt GaAs (-2 SR PEA G e B B 52 235 . BH T GaAs 22 Mt
TR, A Y SRR TN A, 6) AP AR I S B R R AR B K [5] [6]. LI JRAE RUBR A AL EE Ga
JRF 20 (Vea)s As JETTHL(Vas)s Ga R TTE As 7 B b 1AL 5 R BRI (Gaa) BT As JRFTE Ga i1 & 1
SRALEE TR (Asca) o FEARBEFLT, @i PL kX GaAs dh A BUBRIA AT AW 7L 1 SR pa )
KRNI, VEAE T GaAs SRR, [FRF, FIFHBES RGHEIE BT 7 BREE RS BR T 30 J1 FAT A e
Wi, JREENL T TR LAY . GBI IR NIEAA GaAs P EBERFA I RSN, 434 LSS R RE AR, X
FHETH GaAs di i R & A S VERE AT B 5 R .

2. LW

FEIXIGRF T b, A FH R A BP9~ Si B 2410 GaAs F i RE b o (RIR I EMR A (77 K)FREE TR gk AT, {6
T 2GR AT IR 28 B & HEAT S 86 R . PL 532 nm (2.33 eV)BOGIE NIGIE, 73 HI#E =I5 300 K f1 77 K Rt
17 PL YBR[ 2 S e i 2 B R PRIE T - 4RI RS 1E 300 K F1 77 K FabATIAt, ok
HUE N 530 nm (2.33 eV), ZEIHIEE AN 3.93 ml/em 2,
3. IRER 5L
3.1. GaAs RIFGEHIRAE

B 1(a) NSe P 1) GaAs FEMSEIE, Bmns, REOEHE. B 1(b)REREFHERMEEAFM) T
FIREESE, 715 GaAs 335 BB AN 0.42 nm, R BEAL SRR R, &8 HELF
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RAE. [ 1(c)RTEZ GaAs I _EUREERT XRD Jti. M XRD it b a] DL I W 241 1) A1) FA
5%, X5 PDF AsitE R A RIORTSTIE5E 8 XTI, I FLR AT 5 06 LA 50 B e AN A 2 B AR 08, 3K
J2 1R A R O SRR AE o B (41 1) R A AR T R IR AU S M, AR & S FI/E AlGaAs/GaAs &1
BHEGEMAKIIER[7]. Be4h, W 1(d)FR, 7€ 300K FXF GaAs HHAT IR E ISR, 7F 266.1 cm™
A1 288.9 cm™ AbRIL T FIAL B MIR ZARSNE, AR GaAs HKIEF SRS AL O TR SR A
F6F S BRE(TO)FE TR, 1 HERFAE U (1)t I — S0 5212 A LA AR v 1) 4 = 8
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Figure 1. (a) Photograph of GaAs wafer; (b) Surface morphology under AFM; (c) XRD spectra of GaAs(411) surface; (d)
Raman spectra of GaAs(411) surface
& 1. (2)GaAs BEIFHIRE; (D)AFM THIREFS; (0)GaAs(41)ER XRD Hki&; (d)GaAs(41)E MRS K iE
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Figure 2. (a) PL spectra at 300 K; (b) PL spectra at 77 K; (c) PL spectra after multi-peak fitting at 77 K; (d) Schematic of the
optical leapfrog model of GaAs
[ 2. (2)300 K T~8J PL Ji&; (b)77 K THI PL 2EiE; ()7 77 K THIEHRIE S PL £iE; (d)GaAs ST HEER
#E
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2(a)fficse 300K NI PL ik, FEIT LA BORAT MR IR SR U6, 0N 250 T GaAs 4% 8 5
873 nm (1.42 eV) [9]. [ 2(b)Z&iZFEMAE 77 K NI PL JGilk, (RIR NiZFESAE 820 2 930 nm Y [H Py H B
Bt RS, 1K RONEARTR T R4 A, BRI AT AT 1S s se , 1SEeE OuE
S AR R PL GRE AR S AR R AR S EREAE O . ST SR L A3 K e R I PR SR
18 F 0 BRSO % PL AT 206 S . Wil 2(c)FR, 1E 77K NI PL el & 8 = AR i, 451
A2F 826 nm (1.50 eV). 851 nm (1.45 eV)F 924 nm 4b(1.34 eV). Hrf 826 nm ALK& SH1%Z H GaAs 517
RSTBRIT 51 RS0, RN T 255 58 B B 238 K [RIA AT DUVES 307 (8] BRI (826 nm) ) A G585 o 48 3=
SR, T DAL SRR B R A ARIE TR FOARAE, 3 AR AN A S A R DA el A SR A A B 2
TR RO CHATIRERE, 73008 Ga T AL 45 4 SR B (Gaas) FUBUSZ A4 A R ( Gatg ) FH 851 nm
Wb TR 6V BT E T B PRS2 ARRE R I R A R s 924 nm AL R OGIEE R DN H H LTSI HL S A2 1A
e R A ERE[10] [11]. 454 CHRIEN DFT W5 [12] [13], A% Gaas f1 Gasg SAZER G SRR BR 51N
FIREL[14][15], RINEZ EREH (D HINLT 78/203 meV) H.& S BN U EUR 6, SRR
MR ICRRA — M AKHE LA B #T, 7T DR AR e T R i s = B, Wl 2(d)Fos .

3.3. GaAs BB R FEINZFEITH

PR R - TR BARIR T GaAs MR EIR iz shid . Wil 3(a)~(b) iR, (EZRIHIE R
FIEPIEST, 43 B3R 300 K A1 77 K R TR GG 4% mk [ 16], w LAOW %2 308 55 5N m 0ok
TEH A SES, XN IEEE S RIRPIAVG S, HEHEN PSR RR TFHEN— &
BARAR[17]0 $EAE, v W —A B B S BRI F1(GSBYE 5, %18 SUR T GaAs [ ILERIT, BRI TH(CBM)
P R(VBM)ERIE I R (5 5 HIALE S PL R GIERLARXS B[ 18], RN B TICIR T GaAs BRI
K, GSBE5E2IHHERER. K 3(c)~(d)£7 M 300 K Al 77 K FHHUPIERR [ 0.5 ps+ 1 ps»
2ps. Sps F110ps T TR 6k, BEAG IS A] (AN HERS #1520 H A 1R 1) 3 ) 22 A8 i 72
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Figure 3. 2D contour plots of transient reflectance spectra: (a) 77 K and (b) 300 K; TR spectra at different delay times: (c) 77
K and (d) 300 K; kinetic decay curves extracted at the GSB signal: (¢) 77 K and (f) 300 K

3. BESRETAEN —HESEE: (2)77 K F(b)300K; AEEREHE TH TR 3&: (c)77K F(d)300K; 7 GSB &
REUEh NFREZE: (e) 77 K F(f) 300 K
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] 3(e)~(H)Z B 300 K #1177 K FHHEUH GSB 155 (M BT A B 5 sh 122 M2k, N 1 #fie s
M —B0ME, XA B) 25 M 2 0 R F S i B 1 7 V2R 8 30875 iy 1o HLaEIE i © 6 T 3R T
MR 2= S s Re s, POES R R SR, M S R EE AR s A
300 K FHIZEE G2 5.1 ps, 1M7E 77 K FAEEF /& 16.1 pso

STEERIL 77 K PR T ERFME K TZR T, 46 MKET PL OGS R Ba 800, R
FEIF A S K AR R TR R 2007 (1) WRIRARIR PL Y6 o 8] BRAT & g R IS X — I %, HEW(E
77 K ORI R 5 R A% 2 (AR EAE A58, 0 AR BRI R . X M T AN BT R
Wi, BT KRR ZE M E AR, ISR S A S, A a2 2K,
(2) EER T, PR TFRIRIEIZ, FTHERE, SR TEE GRS E TSR AR U,
REEMURBCREMN, BREGREBRT - TRES, R THmZREMR. mEMRRT, SR AIRS)
By, ATHEES, R TSEFIRESRAR, SRR RERREIR, BT ERGE L
K[19][20]0 (3) PL HGHEUE SLIZAE il A7 TE PR S50 A0 5 07 B 1 52 R BRI RE S, X BB PEREZL mT LA 78 2
R ARG, BPA S ERERE RN ST RS, XEWMRMRER TR &E%, 2
BEFEBR T Hm. MEMRET, RN TS EE, S BE B SR MR K, &8
IR K A AR S B A LR, AR T A K LR ERTIR, o RS H IR N % GaAs FF
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Figure 4. Diagram of the carrier excitation mechanism under 530 nm laser stimulation

& 4. 7 530 nm B E TSR FERITHLHIE
4. %55

LR EPTE, AR GaAs fi i (A RUBRIEEET 7 RGUERE T, SEIARIR PL LTI R 1 Sz 4
HIEREE Gaas MIXUZ AR AL SR Galg » #E— 2B Mok B A RO CHLURI IR AL 1O BRITR . Sl B aS &
SEOE TG, ook bR BRI N AR T B AR i K T SRR o R A SRR BES S IR T iE s AT N
Z IRV EAE AT, 3RHA 52 O R & i 2 M AR T R G I A o AN R A8 S o
MR SRR — 1R TR SR BITT B B RS HE PR A R I R 3 1T DAL 28 1 0 3R T
el S 2 aId R . EAIFR AT, I PRSI ORI VERERAE, $RTH AR AF BV ERERIL, A
) GaAs FEIGHLTEF L RIS 1 S8 DU AU BT I B SR
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