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The influence of sulfide passivation on optical properties of InAs
nanowires

LI Bao-Bao', LI Sheng-Juan', CHEN Gang’, LI Shi-Min>, WANG Xing-Jun™
(1. School of Materials Science and Engineering, University of Shanghai for Science and Technology, Shanghai
200093, China;

2. State Key Laboratory of Infrared Physics, Shanghai Institute of Technical Physics, Chinese Academy of
Sciences, Shanghai 200083, China)

Abstract: To solve the problem of low luminescence efficiency caused by the surface oxidation of InAs
nanowires, C,,H,.S and (NH,),S were adopted to passivate zinc blende (ZB) InAs nanowires synthe-
sized by chemical vapor deposition (CVD). Photoluminescence (PL) spectra of (before and after sul-
fide passivation) InAs nanowires were performed. The experimental results show that the PL emission
efficiency of C,H,,S and (NH,),S passivated InAs nanowires are ~ 6 times and ~ 7 times higher than
that of unpassivated InAs nanowires at 25 K, respectively. In addition, the PL of (NH,),S passivation
InAs nanowires is detected at room temperature, which provides a possibility for future InAs nanow-
ires based middle infrared nanophoton devices.

Key words: InAs nanowires, sulfide, surface states, photoluminescence

PACS:81.05. Ea, 81.07.Gf, 81.65.-b, 81.40.Tv

ORI T . AR, SR /N AL B

IV AL 2P B R e T POROVRRIRA DS T F R (LR Sk I 22
B RS B T A R A SE T Tk sy TSI, R R AR TR M R i AR S IR R He Y
PR SRR DRI ORIARER JURAOREL. InAs 2 E I IR SR A A BT IR

51

il

r#s B H#5:2019- 03- 18, f& B HHJ: 2019- 07- 07 Received date:2019- 03- 18, Revised date:2019- 07- 07

EETH : K AARHERA (11874377) 5 RifgTli [ ARBR43E 4 (18ZR1445700)

Foundation items: Supported by the National Natural Science Foundation of China (11874377) ; the Natural Science Foundation of Shanghai
(18ZR1445700)

{E& B (Biography) : 255252 (1993 — ), B L RUE M WU 5E2E | FBEFSY InAs LA IG5 1 SRR ] & M HO G R 9T . E-
mail : bbli6913@163. com

“1BIEH (Corresponding author) : E-mail: xjwang@mail. sitp. ac. cn



592 g hh 5 2 oKk I e 38 4

(0.35 eV) FIE B FAERE %, X (H AT LR ER 45 4
A 15 FH 4 48 21 A1k B 1 48 R L R A
YK BOE AR A I g HR 5 R 2R R T
TnAs 40 K 28 ELAT B0 0 7™ 5 0 3 T A ). 40 K 2%
1 B S B o7 FH A — o R B 1 B T 02 B AFAE = 3L
) i Ak =X 2 B kU /0 2 TS R i 2 T S
NiiWa

YRR R} 1 2 T A R R AN T < %5
ol 5 B 7S TR b R 2 TR 2R A L T 1 AR Ak
B AE . A R AR B BEE AN L 2 aex)
LR A B (InAs™™  GaAs”' . InGaAs"'Fll ZnO" 45 ) 1
PR fb b3, JF Bt m TA R G tERe . i
AEOf B Ak W Bl A 2 T R L=V R AR RS R
FIEEAL T S 5B TR AR FL, B R AR I R A
Ve PR G RR . BR AR Bk T U 4l 1 i
F) ot 28 32 4y S R AT AL G AR 4 (B B
(ODT: CH,S"™) Fsift £ BefE (CH,CSNH, ™) 45)
N JE ML B Ak (B Ae 8 (((NH,) 8™ ) Bt AL 2
(Na,S") %) o TEBR ALY Bl 1k InAs 9K Lt 2
AL B R 225 2 AR R R Y In R
TIE LSS A4, DiRefb T pPRE I . R A AE
o4 AT O AR BRI T 0 & A SRR B AR A R 5
FERCR 1 HL2s W B 5 3T e 7 B 5 T BN
FAR I T4 5 A A5 4, DRI 22 B R T A R &2 )
REfL BRI L EZ . HATRZ CHRRET
WF 98 WAk B 561k % T InAs 94 5K 28 2% Pk e 19 5%
M AR 2D SO G FE R AL Bl AL X InAs GOKRER 2
PEBE A

MR 5T, FRATTAS 1 DN AR 2544 Y InAs
YRR L 1) T AL P AR 22 AN [) o AR BB F B, 1
IT B R 2 B A BRI In T As OB, R
SRR T R 4 A W A A R R T 2 T R A
B 77 A0 3 AR S TnAs A7 B ™ B 3% 1T A 0 SR
SEARMELE Z IR A R HFSE InAs 9K LR B3 K
Y. 20124F, Sun M. H. 22" fil Koblmiiller G. 25
XF InAs KRR IEAT G405, th T A7 78 ™ 8 1) 2R 1
AR, I A VSR = T 140 KR FE T 1Y InAs 4
KL DEECE G, P #5538 i BEAL AR R B AL
IR InAs 9N KR R OBRCR I A . 7R XS
S, AR LA SV (CVD) & A K T
InAs 49K ZE 1 ODT AT(NH,) S IR 4 H 41k InAs 44
KRR IR R B A (SEM) (3% 5T FL F B ik
BT (TEM) X S 247 S (XRD) LA K i i 47 2 52 563

Wi T InAs RZEAHY AR AR LS H , TR LR 1, R AT]
P T A LT /G B (ODT) " A JE L ik Ak &2
((NH,),S) "= [ 26 0 B AL P % InAs 98K 28 41
JE A 1) Y6 2 &% 5 (Photoluminescence : PL) P4 BE Y

S
1 SEIGERSY

1.1 InAs#KZHIE K

K CVD % £ 1 %5 InAs 48 K 28, [ 5 H 1K
InAs (6N purity, Alfa Aesar) FIPAISi (11 1) H4E
AR o 76 A InAs 9K R 2 1T, 2R FH AL
BT A S AR A IS SR T BE 4 nm & B, VR MR K
InAs 9K AL ] . 264 0. 25 g InAs [ 41 52
FH BT 5 U DX R A Si ] JFS 110 A7 S S R A
SR, B R, SRS 1 AR DL 400 scem i
BE A Al H,, P B SR S KR E R S IR
HEBR 23R o P& Ar S I N 35 scem FTH, LN S
scem 2 AR E S8 3 Torr™ . HigJ5 7E 15min P T
%850 °C, PRl L /B, FERI R ARB A E
% o

InAs QKL (1) b AR ZE AR 3 X AT ST
RS 5 38 2 F 48 F - S R S O Pl 8 B A T
T InAs QKRR IE 50 S AORZE A B

2 SRS

2.1 EREEWFH

K 1 (a) 1T LA H InAs 90K 2628 K7 1) 4
ZeELEAT T TR A K A R T AR A K .
ZH InAs YKL AL LR EM HL A K HEK
SRATAE IR 53 1 40 K 2 T oy 1 0L/ i 25t A g XL, &
FORNFLI P TE A2 GR R0 ELAR A B2 43 3]
B 4355 200 nm A1 8 wm, H SCHERE A AT 127, 44 K%
L AR R /N — T3 T BG4 R BORE I R 0N, 5
— 7 TR TR L AR IRE . H B 1(b) AT,
InAs AR 1) X S LA P33 v 407 S e () 437
5 JCPDST & H (File 15-0869, InAs, a = 0. 605 8
nm) AR —F I InAs AL R T N 454 o
W 1) Frs, 545 21000 InAs 40K 211 i 1 1] B
J20.35 nm, 511 177 1) 9 & 18 5] BEAH DG RC™> i
HM B 22 S . B 1(d) & 1(e) Bir
XoF JOE P49 3 BB H 97 S B, E PR AT R, 2 A A
T A7 5 BE S R AT DUR B InAs 90K )8 T IN D
gk



s 55 TR TnAs ARZOEE R T 0 593

0.35 nm

~
=<

Intensity/arb.units 5

2025 30 35 40 45 50 55 60 69
20(°)

Bl (a) InAs4IKZ SEM ;5 (b) InAs 41Kk (1) XRD Fl
15 (¢) InAs 9K L 4% TEM 8] 5 (d) 18] () i 7 14 06 B
FATIHBE AT

Fig. 1

XRD pattern of synthesized InAs nanowires; (c) Lattice-re-

(a) SEM image of synthesized InAs nanowires; (b)

solved high-magnification TEM image of single InAs nanow-
ire; (d) The corresponding SAED of (¢)
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Fig. 2

ries of parallel and perpendicular polarized Raman spectra ob-

(a) Micrograph of single InAs nanowire; (b) A se-

tained using exciting light polarization parallel to the nanowire

axis, the spectra have been shifted vertically
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Fig. 3 Temperature dependent PL characteristics: PL spectra
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at various temperatures (a), (b) and (c), respectively, corre-
spond to as-grown InAs nanowires, ODT passivated InAs
nanowires and (NH,),S passivated InAs nanowires; PL spec-

tra of (before and after passivation) InAs nanowires at 25 K in

(d)
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