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Abstract

MoS; film growth is mainly prepared by chemical vapor deposition (CVD). In this paper, liquid
metal precursors are used to replace traditional powder materials, which effectively control
the nucleation density on the growth substrate surface and improve the uniformity of the sub-
strate surface sample. And the substrate pretreatment process, reaction temperature and time,
air pressure, precursor volume and substrate stack structure in the growth process were sys-
tematically studied. By optimizing the preparation process, the controllable preparation of
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mono-layer, single-crystal MoS; films was realized, and the single-crystal domain size reached
30 pm.
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1. 5|15

HLJZE M0S, s — M BT B Sk, FF BB e BEBE EE0nT /8 1.2~1.8 eV JE IS . BT, EKRZE
MoS, I B I () 46 T B A 22 S TTARE (CVD) . K28 T4 K TMDCs #.53 F ) CVD T.F
U L 05 I A o 98 < e S Ay ARAE i R AR (B an AR 4G MoS, H ST MoOs) [1] [2]. 48T, Hi T
il N PRIE 30 115 RSAN MoO3 # AR I AN 50 43 AT 0t ik 2 B s A B, 35050 1) 58 R e A A R AR
KAE M0oOg Z8 IR AT B AR s X S (il an,  FEAE KRR M) [3]. FEF LA BRI, BFFA 524
T EZMIgRRAE R EAZ R, Bl AR PRI AE KR [4], R AR KIASE[S]. AR, Xk A%
(IRE b 78 55 R UG, HLII NS SR o A3 T i AR 25 G i (6] BRIk, $RZBE IR — PP A Ko7 &
DASZ IR it 2 FE RS i A 2 AR 0 D B o A VAR & 8 A SR B % S (o oK Dkl A kgl 17 A=
K R T I TEA% 2 BEAN Sy 3B S ML 28U, A BB AL Gk R IEORIE LA K 3 5 DR AR B2 e
A -

2. 5K

FREUAS [A] £ 1) HpaM07NgO24-4H,0 (VU 7K & FHIR 5% ) Vi T 100 ml 25551 7KH, BT /K hn il /4
BN, KB 30°C, 5min, REEHERE KKER. BAEKIE R TE M : 1omx1cem. {#H] piranha
B ORIER: H0,=7:3), JN#ZE 150°CHEVE Lhe KA HHE, BN EET/KF, A 5 min FiRK,
HE—URAE . PR IO R R 3 5 B IR s AL R SR T SRS, AR Bk
WREIRAEIE A o By m /N EERE, 1 J6/E 500 r/min %%5E R &% 10s, 7§ 7000 r/min, 60 s.

SRR B 20°C, SRR MZR: 2SI T iR 38 min J5, LA 20°C/min Y FHEE T2 60°C,
HAERE G 7 min 9_ETHE 250°C, 796 10 min. Mo JEHITHERZE: S23IF4E 9 min 4, L 20°C/min K
FHEE AR T Z 200°C, HARIE 5 min ZFR/KIR, BEETE 33 min KFFELL 20°C/min [ FHRE % 7+ 28 850°C,
35 10 min.

3. BREHH

R AHR B i FAN (R BE R R, PRI S MU 1005 30, AL Sy A fE B Fy i, /) 2
{11l 26 059 L AE 1) 2 WS, R A P (7] A P VO T SR 422 ) < s 28 U BEDIAR L, AT P A1
TRZER . BLAh, A SIR AU IR AT IR A, BENE A AT IR A (1 /N T Lonmy S SR AT R AR
IREE, BERE MR UTARAR A B & AE 0.001 mg~0.1 mg, AL T MoOs By RAE TSR A, HIKEAR 1 2~3
MEEY, A AEMI, A m T R E ME K.
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Figure 1. Optical microscope images of ammonium molybdate aqueous solutions of different concentrations
after the reaction. (A)~(H) The concentration of ammonium molybdate aqueous solution is 10, 2, 1, 0.8, 0.6,
0.4, 0.2, 0.02 mg/mL, respectively. (I) Statistical histograms of domain size in Figures (A)~(H). The scale in
the figure is: 20 um

1. FRIRERERRKERR AT BHIRE. (A)~(H)EEREKERRES A 10, 2, 1.
0.8, 0.6\ 0.4, 0.2, 0.02mg/mL. (I) El(A)~H)F@EBERTHEHERE. BF#ERA: 20 um
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Figure 2. Optical microscope images of the homogenizer after the reaction at different speeds. (A)~(D) Set
the low speed of the homogenizer to 500 r/min, 10 s; set the high-speed gradient to 1000, 3000, 5000, 7000
r/min, 60 s. I) Statistical histograms of domain size in Figures (A)~(D) The scale in the figure is: 20 pm

2. SRHNARERTREEHAFRHIEE. (A)~(D)RESRHIKEHA 500 rmin, 10 s; RES
IREE RS E J9 1000, 3000, 5000, 7000 r/min, 60 s. 1) E(A)~(D)F@REERTHGITESE. B
RJ3: 20 um

546 P AR JURH (MO O 3) B 347 1 A5 A% F) S 58 38 170 4% 1) B 2 288 SRR AN TR, VB0 T SR A ) B 5 2 1L v
TR LA S BT S b [l ] o RS0 PS8 S50 (R A AR I o S B B R A 4] 1 Bl o 5 5 g YA 8 e ik
ITHRCEBA SR Ie S5 R, Nl 2 Fron. ATCVEON BT S H, SRR IR P i AN SO SR L e S B At
IR SEIR IR, HER BRI A, I RIS RIVRHER = AR E . B S
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WL PR B e 52T, PR AR IR o 23 BB T B, O HL b A 5 o 6 i Y B T e A2 92N ki iy
DUBRAIA G I =R AL TSI Al o 45 AR S 5 S A0 A e TR PR B AR 45 2R 3 e AR O TRk JEE AT
BT PR 0 JE LA e BT P AU 2 A i 3R T 1 T 06 3R 32 (T SR AV WGAR FE = 0.02 mg/mil, 2] JiZ ML 1 - 7000
rimin), SN JEEEA FHES, SARTESE TR = A TR EAR S

R e P DIR[0 /N B3 A Jie 3 A PH R 4 VRURE AT S AR PO P AN 28 A R B DU L, AN A RO 1
mm, 4 2 (R BRI A R S A o A 1 s ) BRASAE A S A JE A i 1) 3 23 B 25 R B, JF FL AR T B 012
GRS S A SR A BT . RN PO R B — PR e R, s
BURE AN E R BRTT 2 mm, 5 R8s 1 mm xS b, nlEl 3(B)AIA 3(C)Fras, JEURHHE A ANAE K B 22 8]
BEE—b T, TR A R R AE R A 0SS, DR PR SRR Ml 70 A 10 3 28 B AR AN AR, B AE
B ROT AT SO B RZ EARLE TR0FE 1 mm B 37— @ RERER R, HeibHElr, o T 00 R F i
TRAFITR B2 BT PRI, BROIBIAS A4 PR A 2 1) T B o O 2 3 S50 EL PAY s A b <o T SR AR 28 U BRAIG, b A
A% e 1 e 28 U R B AR B AN e DR I TRV A s N, R AME AR A 32 B PR, 38 T 52
TR R I P SRS EIIE 1R A AR PR S ALk e T T o 24 PR Y A ot £ RS RIE 3
E s, P U R T < A SR A T SE A AR R AR U IR E s e v A AT AIORE 2 0 5 <2 i T
YA RSN S Z8 RN A BT LA R SN SEA: K [8]
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Figure 3. (A) Schematic diagram of the relative positions of the spin-coated ammonium mo-
lybdate liquid precursor and the blank substrate. (B) An optical microscope picture of a sam-
ple on the surface of the substrate without a spatially confined structure. (C) An optical mi-
croscope picture of a sample on the surface of the substrate when the two substrates are 1 mm
apart. The scale in the figure is: 20 um

3.(A) HEABEREGHENERANERNEEEREMIENRERE. (B) REHWE
FERGEHNE R REERNEZERIEE R . (C) MAMERRE 1 mm HERRE
HRNAZEMERFE. BHFRRA: 20 um
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A %

H,4M07NeO44-4H,0 VA T /K5, BLRUKE N 0.2 mo/mL HIVAW, % 7E 18 B piranha W05 vEid (1 JEURH
B b, WESIRHLEIE L E Y 7000 r/min BEER GRS R BRISAE K AR, FRAN S YR R RON R R X
A, STRIRREAN 250°C, AEKIE A ALRIIRE N 850°C, NIRRT RN 10 min, REFEHUE ALl Ar
it A 100 scem, F 5 UE Y 5 kPa, KIS FEEE WS, #5 55 SUE A H, IF HOK Ar BOUE T2 500 scem.

IEEUAE AR A K S HOT H 4 (1 MoS, I, A R 2610t HE AT RAE, 13 8] MoS, 1 7 F 9= 30
B Sg ot S B b LR Ky 532 nm EOGTE S T 52, 455 E 4(A)FiR. MoS,
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Figure 4. (A) Raman spectrum of MoS, film. (B) TEM
high-resolution image of MoS, film, select the center area and
enlarge it further, as shown by the black arrow. (C) Selected
TEM electron diffraction pattern of MoS, film

B 4. (A) MoS, SERRRIRI S1EE. (B) MoS, EIREN TEM 5
DA, EhEAO X EH— SR ARINE G LIgE T
o (C) MoS, SEER) TEM JEX B FHTEE

HIAE B A AE K SHUT 4410 MoS, I, (] TEM BLEGE X BT AT 5T (SAED)HEAT R AE. MIE] 4(B)
Hh DA R B 8 € 7 Sk TR R TBOR X3 AT DAASE g Y 3 1 7 AR 2 S o 0y e 1) %t 5 Mo, Wi . g 1k —
BT R MoS, WEL K SRR ZE R, FERE S XA HEAT 1R X B AT AT 7T, EATSS &l 4(C)Fm .
A5 1200 | ATHHBEA A APATR: K, ={(1100),(1010),(0270) | Fik, =k, , FHrft kq s 3R BEF I
FE 1) EHE G %, AP b T S s o BRI I A 2 P AV B B s o A HOIL R ), IR R 22 e 1
FEARILAEFE T 40 V. SRS T BT A AR TE = A T30 ZoAH T B I s 6 T2 BSGFR) i AR T 5 B N5

WHET B MoS, HE I fh A 1R K2 BB A6, IS R 5 iR, WL
Bill, VofE-1~1V I, g BEAE VRN S RO, RBUOVENE, BKIE5E 7 & - 3, 15 MoS, flH
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Figure 5. Electrical test curve of a mono-layer MoS, transistor. (A) Output curve. (B) Transfer curve
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FONHIRS Hi MoS, R AT fi s e it 1 knigde, JF Hilt — DNz &R iB A SUE Lt

&5k

[1]
(2]
(3]

(4]
[5]

(6]
[7]

(8]

[0]

Chen, J., Tang, W, Tian, B., et al. (2016) Chemical Vapor Deposition of High-Quality Large-Sized MoS, Crystals on
Silicon Dioxide Substrates. Advanced Science, 3, Article ID: 1500033. https://doi.org/10.1002/advs.201600033

Lee, Y.-H., Zhang, X.-Q., Zhang, W., et al. (2012) Synthesis of Large-Area MoS, Atomic Layers with Chemical Va-
por Deposition. Advanced Materials, 24, 2320-2325. https://doi.org/10.1002/adma.201104798

Lee, Y.T., Choi, W.K. and Hwang, D.K. (2016) Chemical Free Device Fabrication of Two Dimensional van der Waals
Materials Based Transistors by Using One-Off Stamping. Applied Physics Letters, 108, Article ID: 253105.
https://doi.org/10.1063/1.4954223

Gong, Y., Lin, J., Wang, X., et al. (2014) Vertical and In-Plane Heterostructures from WS,/MoS, Monolayers. Nature
Materials, 13, 1135-1142. https://doi.org/10.1038/nmat4091

Wang, S., Pacios, M., Bhaskaran, H., et al. (2016) Substrate Control for Large Area Continuous Films of Monolayer
MoS, by Atmospheric Pressure Chemical VVapor Deposition. Nanotechnology, 27, Article ID: 085604.
https://doi.org/10.1088/0957-4484/27/8/085604

Zhou, H., Wang, C., Shaw, J., et al. (2014) Large Area Growth and Electrical Properties of p-Type WSe 2 Atomic
Layers. Nano Letters, 15, 707-713.

Lee, J., Pak, S., Giraud, P., et al. (2017) Thermodynamically Stable Synthesis of Large-Scale and Highly Crystalline
Transition Metal Dichalcogenide Monolayers and their Unipolar n-n Heterojunction Devices. Advanced Materials, 29,
Article 1D: 1702206. https://doi.org/10.1002/adma.201702206

Choi, S.H., Kwon, S.B., Kang, B.K, et al. (2021) Influence of Bi,O3; Co-Doping on Cr-Doped ZnGa,0, Red Persistent
Phosphors Synthesized by a Liquid Phase Precursor Process. Journal of Luminescence, 234, Article ID: 117945.
https://doi.org/10.1016/j.jlumin.2021.117945

Lim, Y.-F., Priyadarshi, K., Bussolotti, F., et al. (2018) Modification of VVapor Phase Concentrations in MoS, Growth
Using a NiO Foam Barrier. ACS Nano, 12, 1339-1349.

DOI: 10.12677/cmp.2021.102008 71 IR A B 20t


https://doi.org/10.12677/cmp.2021.102008
https://doi.org/10.1002/advs.201600033
https://doi.org/10.1002/adma.201104798
https://doi.org/10.1063/1.4954223
https://doi.org/10.1038/nmat4091
https://doi.org/10.1088/0957-4484/27/8/085604
https://doi.org/10.1002/adma.201702206
https://doi.org/10.1016/j.jlumin.2021.117945

	液相前驱体制备单层MoS2薄膜
	摘  要
	关键词
	Preparation of Monolayer MoS2 Film from Liquid Precursor
	Abstract
	Keywords
	1. 引言
	2. 实验
	3. 结果与分析
	4. 结论
	参考文献

