LIEVE I RE kO % W Vol.42  No.5
2021 4¢ 5 /1 CHINESE JOURNAL OF LUMINESCENCE May, 2021

X EHS 1000-7032(2021)05-0629-06

Si 244 GaAs K 2 7 YERF P 3 )

2 8, REW, BEL,F BB A, BHE
R, MR, EEY, REW

(1. KEHT Y BURLERABOEERESALRE, H/K KF  130022; 2. KEHTRSE %6, &Kk KF  130022)

FE . R THRIMER AR (MBE) 76 Si( 1) #JE_EAK THEB AR Si B2A4MLER (GaAs) AR (NWs) .
T A T AR (SEM) TIFSE T AR KRR S 1 — i 5 5 X SR ATST (XRD) MR A7 % %3 ( Raman ) JE
ST 1B GaAs YKL P Si (UAFAE B B G (PL) BFFT T IR 24 A Si 1B24% GaAs HUKLI K OEHRIE, 5
AT GaAs PURLENERGTE GHLH . BAFEEAEBRGURE T A T &GR8N SR (WZ/
ZB) IRAHEE 5 A Bk R & 0T AR

X B i GIEE; GaAs KER; Si B4R LR, A FARANE
FESES. 0472 .3 EkERINAG: A DOI; 10.37188/CJL. 20210059

Effect of Si Doping on Photoluminescence Properties of GaAs Nanowires
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Abstract: Undoped and Si-doped gallium arsenide( GaAs) nanowires( NWs) were carried out on Si
(111) substrates by molecular beam epitaxy ( MBE ). The one-dimensional properties of the
nanowires were confirmed by scanning electron microscopy (SEM ). The presence of Si in doped
GaAs NWs was confirmed by X-ray diffraction (XRD) and Raman spectroscopy. The luminescence
source of undoped and Si doped GaAs NWs was studied by photoluminescence (PL). The PL results
showed that doping changed the radiation recombination mechanism of GaAs NWs. Compared with
undoped NWs, the doping results that in the free exciton emission peak and the defect-related emis-

sion peak of wurtzite and zinc blende mixed structure disappear simultaneously.
Key words: spectroscopy; GaAs nanowires; Si doping; photoluminescence; MBE
R A MM Z K, R - VR A5 W2k S A9t

Ll = BN — R T BRI S AT R A
TV B R IE Si B TR ORI I i MR, GaAs 40K 26 1E % — Fi 7 % 9

Wfm B 2021-02-09; f&iTHHE: 2021-02-20

EEWE . ERARREIESE (61674021,11674038 61704011 ,61904017 11804335 , 12074045 ) 3 5 A #E T A (JIKH20200763K] ) ¥ Bl
Supported by National Natural Science Foundation of China(61674021,11674038,61704011,61904017,11804335,12074045) ;
Project of Education Department of Jilin Province ( JJKH20200763K])



630 K St

¥R Fa2 B

M- VG S 92 SRR, B 5m  f 4
SR FIE A B B, DA e E AR RS
Y3k N n AR O KO R A RO L T
R TN, R HRATE GaAs 44
KREEZFO LRI T RAFn9MERe, (H 2 E X
T— AR PERE ZE R IO AN W K IO 75 B4R iy HE
i RS EE

ARSI JEVEN, 2% 5 | A T3 i — 44 oK G
I MERE R E B R EEMIEM ., GaAs 99Kk
AT R R Lo AN 55 32 A 5% B, A9 g ok Zerh
G TR A, 3R ASE T
RS Ao, B AR T A bR,
52l , Sager il & T FF5 4% GaAs KL (N #Y) >k
I —B A N BB 2 S B 1) A il T
TERH T3 22, Ali % 4RIE T Be 874 GaAs 4
KL (PR SEAEHE A R A A TR T BR A
Xy F g FeAan] LI E0R T m ok & R L
i , A A5 2 ] AR AR R T S XS 22 AR F 52 e
M m e tEge, 5Hoh,Si 2 BA 2B
IRV BT R, Si 4% GaAs YKL GER B
N AL P ARIB AT R N RS P RIB AT
DU B 22 DL R 52 A A e B . R,
Si #B4% GaAs KL MR AAEREZE X, H
HP,XF Si 3B2% GaAs FORL M H2FERE AL
ORI R R LR A B A A0 A I
ASCEHARGT Si $B2% GaAs YKL 1 G2APER

AR 4y F HRAME ( MBE ) A= K H AR I F
FHAE-TE (VLS) AR K ALHIAE Si(111) #F K A
KAEB 2L Si $B2% GaAs 9Kk, e LG
XSGV R AT RAE /08T T AE4B 44 M Si 524
GaAs YKL EZICHLER, X HE—25 R B K
ROt EARSE X,

2 % %

S8 R |l DCA P600 %! 5 MBE & 4 1E Si
(111) #F IR _EAMEAE K IEB SR GaAs GIKZAN Si
B7% GaAs GIKELL A K ZRTE Se XA IR HE AT 7
AP R BRILFR MR s A ML, B, K
TE LA L 8 TR P A E R 5 min, 2R
Je ARSI AT R R KR T, A T R
AR BR B K G LY, Si(11) #HE T 405
DU JLANA B, 158 4Kk A MBE i
FEZE(1.33x (10 ~1077) Pa(10™* ~10~° Torr) ),

et 1T pal 2T RESRHT IS , f8 HOR B2 TR 3 200 °C I F¢
222 hy SR W #7822 MBE 1Y i b 3 %
(1.33 x10* Pa(10 " Torr) ) , 7 400 °C TNk 2
h e B R R T 9ok e A KR IR ik B A K
2 7E 750 °CF #4730 min BRGS0 BE, AbBRSE
UG, R VLS A KL A i K 5 X
Si(111) #HE EHFFTAEB 2% GaAs GIKZMA K,
ARKIEE N 600 C, Ga H A 8.25 x 107™° Pa
(6.2 x107°* Torr) , V/I HiF L 25. 8, A= K Bf
[F28 1 h, [FFEMZPETR, 500 Si IR b i B A
1 280 CH 1K Si B¢ GaAs K%k,

SR I - 2 RUBE (SEM) XA i 19 JE 5
HATFRAE ;R D8 Focus B X HFEeAT7 510K 5k
P34 50 Y XRD &l >k ] LabRAM HR Evolution,
HORIBA SEREAHE 2 I T XHAE i A 77 & 5615 0
Ko FIH iHRS50 SGig A0 A i 64T TR &
M, R A InGaAs FRIAR BRI A5 5, BRI 2% T
VEIREE A HRAE - 30 °C, 7E 10 ~ 100 K ¥ 7l
FEIFI 20 ~300 mW/em® (38 & T % B 31 [l 9 ik
17 7B,

3 &R 5i#®

Bl 1(a) B2 dEE 2% CaAs 1KLL SEM
E% B 1(b) WA Si #8248 GaAs 44K Lk SEM
UL, FIFRLAR 20 A e i 15 B AE B 24 0 Si 18 24
GaAs PRI E 374 4.41 pm F14.36 pm,
B2/ 90 nm, # i SEM EUZIES: T A4 KAE S
B —4etk, 2 (a) BaRmZIEB LM Si B2
GaAs GIKZ ) XRD &, Horb Si of % 19 117 5 0
Si(111) F Si(222) %F i i F B 43 51 4 28. 5° Fll
58.9°,GaAs YKL INTHIKE GaAs(111) A1 GaAs
(220) XF N A A 40500 27.3°F145. 40, Si B4
JE Y GaAs(111) F1 GaAs (220 ) 7 S5 25 B &k 45
fIK, 302 Si B4 R EGMAR T T RS A, UE ]
T Si gk B AR B XTI
RS TR 2 R, S — 25 Hr e S BT
PLEGBAIR NI 2 (b) 7R, GaAs KL AFTE
BRI (TO) 75 F A 24 (LO) 7 7 LU K &F
BEW SEF R ) B2 757, X 603 4051 Ry 268. 5,
291.7,258.6 cm ™', iX 5 CHk R A MO E(E W) A 8
BT Si B AR GaAs UKLk EEAFALE TO . LO
PR, X B AR AT S GaAs 4K £k (R 8 6%
FEAT T IH— L Ab B, 555 BR Si $84% GaAs 4



631

i

e b 3 / N

Bl 1 GaAs KLk SEM B1% . (a)IEB2% GaAs 9K4k SEM B G B N RIFRHCRIE ; (b) Si $82% GaAs 44Kk SEM &

B A R ORI

Fig. 1 SEM image of the GaAs NWs. (a)SEM image of the undoped GaAs NWs, the inset is partial image enlarged. (bh)SEM

image of the Si-doped GaAs NWs, the inset is partial image enlarged.
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Fig.2 XRD image and Raman spectra of undoped and Si-doped GaAs NWs. (a)XRD image. (b)Raman spectra.
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Fig.4 PL spectra of undoped GaAs NWs. (a)Power-dependent PL spectra at 10 K. (b) Fitting of power-dependent PL spectra.

(¢) Temperature-dependent PL spectra. (d) Fitting of temperature-dependent PL spectra.
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