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Abstract

Tin disulfide (SnS;) is one of the widely concerned two-dimensional semiconductor materials in
recent years, which exhibits excellent electrical and optoelectronic properties, as well as advan-
tages such as abundant elemental reserves and environmental friendliness, and therefore shows
great potential for applications in electronics, optoelectronics, and energy conversion. The con-
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trollable fabrication of few-layer SnS, with high quality remains an important research topic so far.
In this study, the growth and doping of SnS; thin films have been performed by vapor phase epi-
taxy. Combining various characterization techniques, the growth mode and structural properties
of SnS; have been investigated. Furthermore, indium (In) doping has been introduced during the
growth process, which led to a broadening and weakening of the Raman peaks of SnS; due to the
reduced lattice order. X-ray photoelectron spectroscopy studies reveal that the introduction of In
results in the shift down of the Fermi level and produces p-type doping in SnS,. The research find-
ings provide valuable insights for the controllable growth and structural properties of the intrin-
sic and doped tin disulfide.
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AR, SRR A YE Y ER SR R AR (B BT, BOA - DA O L A5 sl 45 52
FVERIMEME R[1]-[6]. —BALBI(SnS,) & —F IV-VI BT RG-Sk, T MoS, 25t &)@
miEtEY, HATERMWMETE . BEEAR. RATIRER A, £ TSP EARSE. SnS, BAYS
MoS, MR E AL, B S-Sn-S 7 FZ i B EAH BAE B MR, BN E TSN RET
TR\ HARBCAL, Ss H A28 0.36 nm [7] [8] [9]. SnS, LB Sk, FKZHEBHRBEALEY
— R, HEEH U PR A 2 R R D TG O, AR BRZN 2.2 eV, BERPHTBRIEINE] 2.4 eV A AG[10].
SCIGHE TR, 2T SnS, HIVE I35 RN S AR AT LLSZEL 107 FIFERTT b, #Rif TR R AT LA ] 230
em® Vs G FE PRI Bt R S T RN SR AR g SR T, Ik R S R A
SnS, 7E A 25T R A T W R TS [11]-[16]. 42 SRR R 25/ Rt mT LU S 45 24
L7 A RORIE, DR T HAERRRAE BN F3[17] [18] [19] [20]. HHT-AAE S 501 IAFTE,
SnS, I n BUM FHRRE, HEMEGIN In FouRB 4, v LSRR a5 A T 2R AY, N
AAER) n BUEEAR Ry p B0 GAA . IXRERREPE R 44T R T SnS, 76 ZERAT 50 R85 RN 77 T 4R &, R ik
SESRIX T TH IR 70 @R 52 B eiE[217 [22] [23] [24] [25]. HAEG, iR EE R SnS, K H 5 44 al 5 41547
S I A S ORI B R . SRR TE R I % 7 R AR A S SRR SO S i A B LR S
S, TEM SRR R W BN R 0 N R, SO AR R S R E B DA, R LA AL RN 45 4
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IR LA I X S 2 BT RE i SRR BTl £ AR T RAE AT, WAL HAE KAT AR R
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NAEKFR, maig)E Sn Ml In PLA S MifENAEKEMEL 2l EAARB RS ZREF T, 2dnsy
BrATAE, WE SnYFIREEN 570°C, IABRIEAE I P SUEMRRFE 5 < 107 Pa, BIIA T AR I FaE
Ja s TR PR, AR R AT I T AME A K. BhAh, N T IIN In B8, AR E
BEN# In Y5, FREE RN, B8 SERIA RSB IIKER In-SnS, B, £K7TEE, MNETEN
B FE S, FIARLZ OGS R 71 258 (Atomic Force Microscopy, AFM)LL K X 526t BT BE IS (X-ray
Photoelectron Spectroscopy, XPS)5 7 AXS #F i [ 45 MR P BEA T RAE 73 4T o

3. HR5ITR

1(a) 23T il 4 A i A5 A Btk 2k, o fE 318 om ™ PHUC AT AR 82 2 BA 52 AORRAE 0, o BT
SnS, T EL T S b T 1) Ay IRENE, [AIBS7E 207 em ™' FHOEAZAE— NSS4 B0, ATXT T SnS, FITH A
3N E, FEFHE[26], R FTHI I ZmiA R A B A . A, RIRER AN - WA R
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Figure 1. (a) Raman spectrum and (b) (ahv)l/ * ~hvcurve of the grown SnS; film

1. Fil& SnS, HIEHI (RIS HIEM(D) (ahv)” ~hv BEE

N TR T B AR, A TE R A I E], BRER A MR
T = AR AEA I A SR T i) 2 BORE R EAT SR AL, SR 2 poR. ATLVE R, T 5 Ak
Jei s FERLERI_E T B S I B B T I R A, 2 A H R O 0.66 £ 0.1 nm, X
THJZ SnS, M. ALK 10 285, SEHRRICEAYE G, HITHELE RIS — 2 M
EAREAERE R, WL 200) il P AR X LR B, 5 TR SnS, BRI =AIRAR, X5 HA
PRESFIRFAEARTT o M FERE R LR TT LA Rt B T BRI R 454, B R R M ZE R AR, 2105 0.63 +
0.1 nm. HAKEKIGINE 15 7080, @iL AFM JEHEEELZ08 1.41 nm, 4T W)Z SnS, KL .
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Figure 2. AFM images and line profiles of the SnS, films prepared with different growth time
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Figure 3. Raman spectra of the grown SnS, and In-SnS, films

3. Frl# 89 SnS, F In-SnS, SEE Ay Sk
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Figure 4. XPS spectra collected from the grown SnS; and In-SnS, films
[ 4. B A9 SnS, 0 In-SnS, SEAEAY XPS Bl
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FEFESH P2 A1 P3 1, In 3ds, PUBELZE AL N 445.0 eV Fl 444.8 eV, T SCHRIRIE 1) In,S; MM 45 &
§E[27], RHFES T In A S T3 (EMZS, HENZ In 78 SnS, R T B A1452. [ 4(b) /&% FF i
Sn 3d BUIEXTN. XPS K, o AL Sn 3ds, M 3ds, AL 735504 486.9 eV A1495.4 eV, PIAN I
ZIMAFEER L) 8.5 eV Mt R %, S5 CHIRIER Sn* Wi &21]. #H7 In 8445, Sn 3d HUBES SRR
HABRES, BIEAT 486.6 eV F1495.1 eV. ME 4(c)H S 2p PUE) XPS 78T KL, X T KRB
SnS, Ff i P1, I XPS #ELR 0T LALA AL T 161.8 eV Al 163.0 eV I ANBEIE, 43 5% BT S (1) 2psn 1 2p1s
BUE28]. 4B In TEG, RGN EMEEMNEmME, FIRBEEHESIIRE RS nmiE A, A
BEARREFE 1.2 eV MAEEZ . @I XPS 4 M Al 1, B4 )5 Wik B Sn 3d 1 S 2p FLiE 45 & Re (Mg A1 21
#1702~03eV, KW In MBNERIERTOKREL N, LT p BB A

4. BE

AR ASARAME L K J7 30 i B AR B 2k e, S ahi 8o, R i A
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