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Abstract

In this paper, monolayer molybdenum disulfide was successfully synthesized on Si0z/Si substrates
via the salt-assisted chemical vapor deposition (CVD) method, using MoOs and S as precursors and
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NaCl as a growth promoter. The effects of process parameters such as reactant position and carrier
gas flow rate on the growth morphology of MoS: were systematically investigated. It was found that
large-area triangular island structures of monolayer MoS: with sizes exceeding 50 pm could be ob-
tained at a N2 flow rate of 150 sccm. The material quality was characterized by Raman spectroscopy,
scanning electron microscopy and atomic force microscopy. The results demonstrate that the as-pre-
pared MoS: exhibits a monolayer structure with a thickness of approximately 0.83 nm. However, lo-
cal nano-“tent” structures induced by substrate residues or nucleation defects exist, leading to local
strain and the formation of bilayer regions. Furthermore, optoelectronic devices were constructed
based on the monolayer MoSz, which exhibit excellent photoelectric performance under 532 nm la-
ser irradiation: the photocurrent-to-dark-current ratio is close to 103, the response time is as fast as
the microsecond level (rise time 12 ps, decay time 85 ps), and the maximum responsivity reaches up
to 63.4 mA/W. This study suggests that monolayer MoS: grown by the salt-assisted CVD method holds
promising application prospects in the field of high-speed photodetection.
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1. 53|

TR 4 R B AL A W) (transition metal disulfides, TMDs) [ H J5 7245 B . Al i AT B AL 7 (1%
HIPERE, BN OGRS I Fa 898 FH AT FE[1]-[3]. TMDs 23 MXo IR L&, o M AR
FKidEEETORWER, Pl . B, Bk, X ARRWMETCEAER. W, ) [4]. 4SBT EY
DR SR R 5 . T s BRAL S o r R B, TE T —AROGH AR R R RIS A (4 B FH AT 5. MoS, 7
FEAE Ry R ) R R S R Ak, R A . MoS, MK ERE R, S-Mo-S JZHLLYE
AR EARR, KT E I MU BESRAS Z 2 [5]. 29 MoSy HIRM RN A g — 4ebpkhry,  Hoalr
Bt Eh TR) 4215 (1,29 e V) AR N BT BR(1.90 eV) [6], 31X —HURs (12 SRR M AR Y BUR G AR
RS i A PR A U LA T e 2 FH BT 5[ 7091 RARBHAE M AR, AR B SR 22 1 AT
B IR B BB BRI AR, WIS TR SR AH EAE R, AR BRI B . 3 RN AR R
T A R S A 2% 52 O [10]-[12]

NSEEL T RHA R BT 52 MoSy, A2 SARTTRE R L 5 2 SR T 254 T4ty
G AR F & TFBL. SR, 458 CVD 2 o i SR A HE AR v ok 280 P58 M 42 56 Il R PR ) 17 o 2
MoS, 5 A K[ 13]. 4R, EhifHB) CVD SRIKIE L 7E R BAR R H 5N NaCl S bk, AT
MoOs I R IRFE, (21 T AT IR 215128 F1 MoS, i 44K [14]. Rk, il cvD A Ktz
HERASIE . R B A3 AT S S HOT MoS, TES BRI &= S ma bl v 75 Rt 7L, BTl &4k
(BT e AT e i3k — B PPAl

KL RGN T B CVD KK, T TAE N Jil N MoS, FITESE AL 54K HLH], FEx
FT3 5= MoS, I R REREAT TIRAMTFT, st Re — 4ERRE r PRI 5% 1 i g h it 1 LIk 5
NSERL S KT B RT3 E MoS,, W SAUTRUEAR L 5 Sk T 234 nri ki S50
PN FEH & TB. ARG T H4ih VD K%M, 2 T AR Ny FE T MoS, HITESiE
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Figure 1. Schematic diagram of salt-assisted growth of MoSz. (a) Substrate Si02/Si (285 nm/500um), placement of MoOs3,
NaCl, and S in quartz tube, with S placed in the second upstream temperature zone and MoOs and NaCl placed in the first
downstream temperature zone; (b) Substrate placed at the corresponding opening, with one side of SiO2 facing downwards

1. EhEHEIE K MoS: mEEl. (a) #E Si02/Si (285 nm/500 pm), MoOs. NaCl, S ZERAEEWMEBMNE, SHMEL
HEIRX, MoOs, NaCl HETFHFE—RX; (b) WERANEFAOLKE, SiO:HW—HEHAT

2. LI SE

F NI JIHIEXZ1 8 16 mm x 16 mm [iFE A (SiO/Si, 285 nm/500 pum), B3 HI/E AR, 5 A
FE KPR AE Y 5 min, HBGEEH N RF. A2 RFRREZ) 5 mg MoOs, 1 mg NaCl Al 500 mg S.
WA 1(b) AR, K MoO; Fl NaCl JEUE 7EAT S fHFFF (/51 1 mm, & 10 mm)AbS BRI ES & B ioRE A
SPIRAERS R AL, R THA Si0, M —THEA N o SR IBCA S $a AT Fr 004 S 43 AERON 58 iR XA 28
—W X, w1 2()fR. AR 500 scem ) Ny A S min, AR5 18 A K Th 3R B 25 G4 S FRak
5 min, BJEiE N F I ASET m 2 AR, PO SR8 ISR 200 scem. H43 IRIX AR —
HLIXAE 15 min P4 AT A 180°CHI 750°C, FFTEA BN W e I 5 PR IR AE K 3 min. KBRS 55
LR RE R B ARAEI R L) 50°C ¥ hE B .

ARSCR B F A BT BB . T BB AR R BT R AL . A%
HAR GO T AR 4% T TV/Au (5 nm/45 nm) & & AR, WEAHFN 4 pm x 6 pm. {4 1 =532 nm
FBOE 8 5K R G (AR s M A. SRS70 B B UK SS . SR830 Bl 7~ih %) 253476 Ha 2k

3. RS

N, N,

Figure 2. Impact of gas flow and position on the growth of MoS». (a)~(c) Optical microscopy images depicting the growth
morphology of materials at the substrate’s edge, with a scale bar indicating 10 um; (d)~(f) Optical microscopy images illus-
trating the growth morphology of materials in the central region of the substrate, also with a scale bar of 10 pm

2. SREMEX MoS: EKHIFMT. (a)~(c) WRIAGHMBERKEHRIAZERRERS, LLAHIRA 10 pm; (d)~(D)
IR B REREROAEFZERIEES, EEHIRK 10 pm

DOI: 10.12677/mp.2026.163007 59 AR L


https://doi.org/10.12677/mp.2026.163007

WK 2 FivR, IX2AE S XIRE 180°C, Mo XURFE 750°C, Ny &N 100 scem Z&44 T KA K &
Bt B (LBR 10 pm), BT SARIC IR No (03 o ] 2(a)~(c) R FEITIAZ I —M, AUk EE B U5 i
RGBT o AT LAWLE 21 H ozt iy AR PR 151 2(a) 21 mhsi ] 2(0) B 3w 1] 2(c), AR EEIZHTIG K. 14 2(a)Hh AT EA
BRI BRI MoS, R W L, B[] 2(b)ik W I 0 A A 3G 0, B SEI SR ] 2(c)v] LAE 2K
FRII I 22 J2 HE B 118 MoSy SRR, 5] 2(d)~(h) R SR RE A v B 0 2 e BE 1T, AR AR T BLFI e i o
B DX SR IR B AR RS K, TE B SR SR A 2 A B AT MoOs fiHE, BLHZAL MoOs SRR EIE K, K

REJI 2 5 N, B 2 v 22 At B 48 5 1) B IR AR, X PTRE 2 MoOs. S+ NaCl & Az [ M 1) HH )= 47)
MoS,-,0y [15].

Figure 3. The morphologies of MoS: grown at varying N> flow rates are depicted in (a)~(d), which correspond to images of
MoS: morphologies obtained at N2 flow rates of 50 sccm, 100 scem, 150 scem, and 200 scem, respectively. The scale bars for
these images are 10 um, 10 pm, 20 um, and 10 pm, respectively

3. AR N2 RIRTE KA MoS2 o8 (a)~(d)2 3 BIFE 50 scemy 100 scem, 150 scemy 200 scem Nz iR RAEKHY

MoS: F2 8RB, LEBIRSA B 10 umy 10 pmy 20 pmy 10 pm

K] 3(a)~(d)7r B ZELE 505 100+ 150+ 200 scem No il FAE K MoS, B R BBt B R, ARIFIHAR 2% A4
—[XiRE 750°C, QDME 180°C BA & MoOs. NaCl. S % MYfEHEAL. 8 3(a). ¥ 3(b)s [l 3(d)H
F R 10 pm, 1] 3(c) T AR 20 pmee 3 DYl P (9 0 B8 7 2 AT B B e Fr 2 S5 1 v s 2 TR P
B, MHMETEONFERSIEMAE. B 3@)H T DO EIA SRR E MoS,, H HILHhitRAH G2
JZ MoS; KAk MoS,, i BT MEAL ) N iR IS, A ik I 2 OB, (E 1R 7E 52 MoS, A K
G, RN EES 5 RN, BELRE MoS, FAEK, URTHINZZ S8R, B ik i 5 5 205
RYIF, A AIBER& MoS, 5 MoOs FITR &Y, MoO; kA T4 RMNFER, HILA LA HTE 50 scem f N,
W T, B SAEREIEATEE, MoOs 5 S MAMIRENAAILES), HBAH I/ A L
o FTLAEHH 50 scom [ Ny IR, SAMA SIS, AFTHE MoS, MAK. TRE 2Kkt
Ny iid, DA SRS fae HO@ HAE KM No s, & 3(b) B7EHAB RS, Ny I EETHE] 100 scem )
MoS, AE K BB Fr . EIH AT UWEREIVE 2 R5H200 10 pm (=M TERBE MoS,, FHILTFERAZE
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MoS, A S5 A MoOs [IFEAE, BEEAZE 100 scem [ No VUl R, e F AL ISR LA e
MoOs 5 S HIA R EEHONIE B HE MoS: A K . 24 No JLEHETFF) 150 scem Y, [AIREFERE H L2 5
IR 7K I HE MoSy, W 3(c)ffis, A ELMEZE R RS KT 50 um (R L= MoS, #iE, #i 8] N,
T A 150 scem I, iZ A0 AbT B2 MoS (38 B 441« ] 3(c) Hr b M 82 B4/ I 48 /N A, IX 2 CVD(fk
A RURDE KR S SEUN, HRE KA Bt — R E PR W, ¥#e. iz, 54E
Ko B EEEE. HUTRR T RIAE KRR, HARERMIX IR, R RE.
B J K 2 J - E SR S R AT BEA LY B, A R B ke e 1 A% . BE DU R ST, A%z
KR, TR A SR G50, H A T e B 16] [17]. K 3(c) SR MoS, 5l 2
R — RIS FEK R, BN 2R 6 25l 2 MoS, 28 Kt R I BRAZ A A K N T4 T
F) 200 scem, MoS, AEKARBLLUIE 3(d)Fiam. SHT = 1R EA AR Z, 76554 Bk 3 ANSLis AR R )
P b b R i 25 s 2 e ELX6 N A 9 f- 8 1 KSF 5 T Ab R R BLELZ MoS, TR, 1 /& 7E 3RSk O
TP A (8 23 Kb ) gl 2 Bk R B DK ST A (G #E AL ) R A R £ Mo, IR A K . 200 scem 1) N Yt
b, AL A RS MoS AR K, RN ASARIREZEEL, RIEA A S5HE R N4 2 M TEIR 15
L MoS, 5, AR 512 MoS, 1& B EAR 2RI BT FAEK[18].
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Figure 4. Characterization of the growth quality of MoS.. (a) Raman spectra obtained from three distinct locations on a single
triangular MoS: flake; (b) SEM (scanning electron microscopy) image of a monolayer MoS,, featuring a scale bar of 1 um; (c)
(d) AFM (atomic force microscopy) image of a monolayer MoSz, along with the corresponding height profile along the black
dashed line indicated in (c)

4. MoS: E KREBHIRIE. (a) FI—=AMIK MoS: W=ANTEMLERIRISHIEE; (b) $#/ZE MoS: B SEM (FIHEE T
EMFER, EEHIRA 1 um; (o) (d) 2E MoS: B AFM(REF N EHER) BlG RITRHE (o) B e LA B NS E E G
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FLZ G — P T 6 5V AR S U B R, Sl RS I IO R AR A (B 2 A ), WA
SRR “PRBFRE” (58, T SEIUT PR S5 44 2 ORI ERAS I EHERAE . $r 2 ek frvehr g
S U T AN 2 SR I IS B IR B R . & 4(a), 7E[F—=ATIR MoS, BIA A AL B MK H 206
. X TR MoS, ¥, E), W RoRTH RSN : &8 T Mo St 78 21l R A2 R R R3],
Avg VETIAMRS): B R 7 B TR 7 R A R RS 195/ (4 A28 22 (A) 2 ) W o e J2 g
fatr. BEEEED, KAV, KA, WIERIFES/DN, TS ZE5019][20]. HEEAZET
A WAL 5 B VRN 19.499 em™!, FFE L MoS, L2 G B RHIE. AL 5 Cuth 2210 Ay WAL
B}, WAL 21.271 em ™!, BWHIFEAEXUZ MoS,. W1 4(b). ] 4(0)ffTaR, &l 4(b) N H)Z MoS, 1 SEM &
B, HWBIRN 1 um, & 4(c)NHE MoS; 1] AFM EIE, PIALHJZ MoS #UN Rl — 26 T AEK . X PR
B e R BN GOR/ N IKE, XA TR RATRER IR Y : CVD 2 i H 154 )& <14k NaCl {ig g
), TR A A AR B, 76 S AL T AN oK T o 38 A5 1T e 2 KO 2 IR X B : 7E Si0/Si
PR LI CVD A, TR FE AN AT SRR LU A5 (1 AN B I 2 5 B0 R TR 38 k% s (AN 50 430 AT, X S it
B A e A K S 1) “ SRR o RSB SE M AR ORI TE T E 18 SR I 5|\ T AR 5 AR [21]
FEMKSZETTHE, oA A2 B R N AR (5K ) TAEMK D G RRE S X I, WIAFAE RSN AR . 5 ORI 7L I,
X A FRE 1A 2 18] 23 A ) DA R iz 80 8 BRI —— K X B, B 2 A A B3 AR A 72
[22] [23]. X HAT CARREZL G S (O R 10 A WA 5 B, VBT 22004408 21.271 em™, ZEXUZ MoS; )
P8 GIERFE. [ 4(d) K 4(c) B BB E R SEEE, BMERL2EN T RS 52 MoS, AT
[, P25 MoS, fit AFM MIHKET , 4 AT BEAZE7E — EF2FE RIBRY . M1F MoS, =i £ 278 0.83 nm, #2ilE
L MoS, PR RS 0.65 nm, 7] LLIESZAE K1) MoS, N HLE[24].

W 5(a), ERAREELNIEES Bifi(dark): JOGRRR 2R HIR, 76 1V R XL 10~11 A B2,
Ut AR ARG . Bl . BB AFRDEIIZE(4.60 mW~23.12 mW)F] 532 nm BOLRESS 1)
JGH: BE RS IR RO, FORTh S, AR (HB R EEH] 4.60 mW GG LTS IR A
K, VEHDEIRUSCEAN T [22] [25]. (B T/NISRFE, IX 0] RESEBEE NS TR B IN, L &6 iR 5
AT, X PRI Bl MBI AN 215, AR G = A B b R R, DT S A
JeHTi. M S(a) ML RFEIT 10° KIS iR 2 b, IX AT BEAE e BRI R — B IR FH o 58 F (o) 5 18
5(a), WS BRI FHIRL, (EOT BB PR T AN R, X AT R AR DRI DA 7Nk 322 465 g X 338 ' 42 (%) it 2 o B L
fth R e 2 AE T B P 5] NIRBERBRIAAS[26]. IXEEBRIAAS 7 M AR 2 & ol MO TSI, S5
EAVERTTHR B AT R A O, X B 1317y, MIMPRIC TG SIEa8[27]. 1 5(b)&R I
ARG BRI R], BT 12 psy NFE 85 s, UHH 1% CVD-MoS, J't HUAR I 5 e B 1 BEAR bR, Rk T
FE G RESE G AR B (2R ), W T e iRl 5t . EFF [A) 46 T N B a], 2 4Rk B R
PRI BURVRHE : SRS TAE MoSy HP R = A, B 7 3 T SR PRAS IR, S EUK SR MRS K, H
AR ORFF AP S8 ] S(e) AN FEDE D)2 T By L [A],  WER B A DB 2(4.60 mW~23.12 mW)
T, AR AR R R, FFOORIEI DR, SRR AR R,  ~0.008 pA FEF+%~0.03
pA, 5 EE LV iR rAEE TN, JeHR SRR TRE B TR, TEH R, TERA ARt
HEM., RoEtEs, WTKATAE. WwE sapis, KIIERE (4.6 mW/mm?)i, 0B 2R i 63.4
mA/W, BT E T, WS KB N BE(55.5 — 47.7 — 46.3 — 45.3 — 43.8 — 43.1 mA/W). Wi
RGN TS B, A2 T 4EAORE BRI A A S ThEE TR, MoS: IR AR SR T R AR
HUEN (R A BET . BOR T E &R TE), SEERADGIE ARG B gD, DT R 87 2 12 87 B 41K
[28].
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Figure 5. Investigation into the photoelectrical performance of single-layer MoS: devices. (a) Photocurrent characteristics of
single-layer MoS: under varying light intensities, with the applied voltage spanning from 0 to 1 V. The inset depicts an image
of the electrode fabricated on the single-layer MoSz; (b) Response time of the device when subjected to laser irradiation at a
wavelength (1) of 532 nm and a power of 4.60 mW; (c) Waveform diagrams illustrating the response time under laser irradia-
tion at A = 532 nm with light powers of 4.60 mW, 8.67 mW, 14.50 mW, 16.65 mW, 18.30 mW, 21.85 mW, and 23.12 mW,
respectively; (d) Current responsivity of the device under different light intensities at A = 532 nm

[E 5. B MoS: SN MEENR. (a) BE MoS: ERRILINETRNER, BER O 2 1V, BEAERER
MoS: LB R EF; (b) £ A=532nm, IIEF 4.60 mW FHEBET, SFHRIMERATE; (¢) £4=532n0m, X
RS HH 4.60 mW, 8.67mW, 1450 mW, 16.65mW, 18.30 mW. 21.85 mW. 23.12 mW TR EEEEFRE; (d)
EA=532nm T, SJ|/EEREISEINET BRI R

4. &g

AL ZRGF T I SAR TRV ERREN B ZE MoS, B EE sz i, Fokah 1
Friil s A B AR R RE . S5 R B, 7E No VL&A 150 scem B, AIIRIG RS HEEE 50 wm (RO THTAH
= MoS, =M, B K(50 scem) 2 F L EHEY: S RNANE 4, 115200 scem) ] [ R #4TA
JEZRFELTTAN GRS R . 200 5 5 7 ) B RAEIESE, AEKH) MoS, T AN B E 4514 (JF )2~0.83
nm, E) 5 A WEAZE 19.5 cm™), (HAS R Y BURAZ B IE 2 S0k “IRE” RO, SIAJRE
AR I S B 4y XS R I UE R B AFAE (WA 2 21.3 em ™). 3T HZE MoS, 36 FE A E 532 nm ¢
HET R I AR AR B R (~ 1071 A B 40) 1 103 OGS FfL b . ToRb Zm R 3g B2 (BT 12 ps/ R P 85 ps)
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