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Fig. 1.

Atomic configuration of (a) {111} orientation, (b) {001} orientation and (c) rotated {111} orientation

interfaces; (d) under the traditional epitaxy model, the elastic energy in three orientations, assuming a rigid MoSs

substrate; (e) with the account for the surface and interface energies, traditional epitaxy still predicts the {001}

orientation to be the lowest energy configuration (for the most range of thickness); while in the compliant substrate

epitaxy (curves without “T” prefix), {111} orientation has the lowest energy

13,
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Fig. 2. Models of early compliant substrate epitaxy: (a) Hole-freestanding compliant sub-

strate; (b) pedestal-freestanding compliant substrate; (c) viscous layer compliant substrate;

(d) twist-bonded layer compliant substrate.
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Fig. 3. Illustration of the compliant substrate epitaxy

system of Au-MoSs.
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Fig. 4. (a) Dislocation geometry in the {111} and
R{111} orientation films; solid lines represent the line
direction of the dislocation; arrows indicate the Burg-
ers vectors; (b) dislocation geometry in the {001} ori-

entation film [13].
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Fig. 5. AE versus Au thickness for three orientations.
Solid lines are the fitting results of AE without the
dislocation energy term to the DFT results (circle).
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location term) 131,
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5 MoS, [8] B & 7] ¢ AR A 7] BE A2 2 1 B b 12 1)
{111} A A Y. AR IR TS K= 1 B SRR
P A (11 1) P 22 1k 66 SRS A 78 e R T L L TH A O M
fit B T SrTiOs 3 JE - Mn'Te 3 5 {111} 8 [ 72 1F
MG B pE. 1350 24 [ KRB B i) Borodinova % [19]
WA IE R BT R P B R4S AN [R] Au 90K 25
FIRETE MoSy 4 FAEK, FFilad sLig R 1A
A A=A 26 A T 7E MoSg 25 _E A3 211 Au 49K 5500
PIKRE UK = AT RN IO T S S5 1.

H A5 A g HE I S 2 43 B K T AR B
MoSy. GnHT I Frdg 28, BT Sk Au—S 8 1)
5 FE AL, A B MoSs J2 18] 1) vd W AH BLAE F 554,
BRI 777 AT DB O Au—S B R 4% o TiUZ 1 MoS,. %2
XA B R, FRATTH S8 A VR 3 i N AR 3R R
2 Javey 1B\ Desai 25 71 3@ i3 F) ] MoS, 14k
KM A, By 8 7 oK AR R B LT 58
20t B 22 1% JiT (optoelectronically-perfect) 1] 5. 2
MoS, 171,

TESE, AT X I A E ZEANH: B
FEHAR MoS, FUTARA K Au HE. BT Au—SH)
B T B 5 T MoSe J2 (A1) vdW AH BLAE L, [RIB
T JZ MoSq HH = A2 [ RAZ IR 55 T H 5 T JZ MoSs 1]
AHEAE R, PR AT DLz 33 4 i 340 59 5% T2 1 MoSs.
B B I B 2 R B I, 8 T = MoSa
R H R b (Si/Si0,). B2 G, HA
Pk 2 Z0 ik ) F B (KT /To) 375 2 B2 MoS, BRI Au
JEE. f e A8 FH A A A A B (acetone and isopropyl
alcohol) 5 i B JZ= MoS, FIFREY). @XMy
1EIRAR B B2 MoSa, BLIh 24k Gy 7 B 1 5
L, (A 2 B B2 MoSsg 1Y TH R L A b
g —ANEG DT K6 (o) i, BB Rk
R 2 () R AL S B8 UIE B IX Fh 43 B8 07 VA 15 B i 512
MoSo H A 1R &F 1) 35 5 1 UL S AL 55 1 ' H 2 P o
I3 B BT B R TR AR 5P J2 T v o = 1) MloS T,
KHAE TMDCs #8414 1 & e #4IL 7 J1 I fRIE. 1X
TTAE GRS TSR N 5132 %3, FHAr|)
NZJG IV 2 SRR T I P23 e F Bk o 5.
FAEFN B () S0 4015, BRI 1338 7] LLS % 3
ik [17).
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Fri (c) R4 8 (tape exfoliated) 5 Au B4y 85 B3 21 MoSy IR FATIR I [17]

Fig. 6. (a) Schematic illustration of the Au exfoliation process; (b) optical microscope image of a large monolayer

(17

MoS; flake; (c) histogram of flake areas for tape-exfoliated versus Au-exfoliated MoS2 .

REERE

R FFEVHR T T TMDCs 1) 2 M 52 i 44
A EoH R e USR], BATIE I 454 DFT .
LR PR E EAS DL R AL B B 18, DL Au-MoS, 1E it
RN RANE A R A BEAT 1 4T 4. JF i
TR A R AR 1R S S O B A {E A% S A
IR TVE MR SR I G, B EANH T 1%
AR BIRJE R, B MoS, 2 I A2 4 ¥ Au iR S B
S B ORTEIAR | i )t HL 27 Jo B Y = MoS, I ER T
Be. IXTHA T K KM TMDCs Ot HL 84
HERE X

B IR TMDCs ) 2R 1k 5 JBe 4% 28 7 218 A 5 i
EHEAT TR R, BOYE A DERE - PIRR
F 2 [

1) JAth TMDCs F)ZR LR RO E A KA 2R %
Au-MoSy TAE—> B 2R (1 %E {6 5t A& T3 H Al 2R A0
1 TMDCs HIZRPEIL AR R, TSR RS IR AME £
FO0F M BULE Y ORI IR TR GEAMEA K (Au
5 MoS, [F1 &% RELIE R 1 6%—8%), IRl £EH I

5

485 TMDCs K&, 7] AR BV 2 E I
FUERRAR R, R, Fofh = 4EpR i S50
AEH AT DAVE N e PR LS. IR ST 1) e MR L AR &R
A FRRBIE? 2 15 B8R X Le kR M B 3 2h
REPE PR BEUE . B AL i 28 4 S A7 IX 6 ] R
EAE—PARE. [FR, AR R SR
PRI R AR R 1 PR AR S & R el i B T B
EHAE.

2) 7 B B JE MoS, H R L 514k, Ak
(A% O 1) RELAE T F- HR R AL I A JIE 5 B2 DR PR T
BUEIRE, {515 Au P73 25 52 MoS, I, & iz
MoS, 5 55 — 2 8] ) vdW A BL/E FI 5 55. DFT i
HEINMET IR S, (AR —EA ~ 5% N — 2
JC N AZ R A7 MoS, 74 5 i 22k Kk i (220 T 5
FEY). RN T EE R & vdW BIA EAEH,
HL H VA THE DL S5 R it T 7R AR RS FE . Xz
T T IE T EAERF LI B RE ). R
VERALEH 7378 15 B U 1] vdW AR ELAE HI EA
KIZE B ah 1. HtdIA & &
193 7 B J1 % 4 56 ¥ N Liang 2 5950 5 Stewart
F1 Spearot 71 & FE 1), AE % [F] N & MoS, 2 8] 5
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2 WG Mo-S &30 34, feilr, 1A RIARL R
Chrzan B BAFEZ 5 A _E C A B itk g 31, (H it
LU IR Z (R 3 B AR eI, DA R A
PR R F 250 35 DA 70 I 288 o) R ) 6 B2V B A
B R R AR

3) BAEARRN BTt H Tk 1E Au-
MoS, F M FE AR R A, T2 MoS, H T3 37 A8
EREEN, EHE TS 5 )2 MoSs TR UG A FE
& & (incommensurate system), B & %8 & 2 N AR
BA A, (A R B AREAYE. TA g RN
WL T TMDCs )7 45 45 1. AELG AR, B
FLIC A FEAR F500 T Z 4E DR JL il B 78 A0 B A
FHERLERE . HErE R I7%2 HOE R A
N FEAR ZFH TG A FEAR &R, 3k 1T mT AR R A e )
Bloch 5& BL#E T ML F 25 it 51 B (H 2 X Fhie
AT VA ) A B A AR P AT) AA AEBE ). PRIk, FRAT]
IWNIRABEF XN AR RKE—ERSES
TR FE VTSR35, DR ) RE TR FH B P P B
FHESMLTAERMRTLEAERR, FEZEL TR
J&& 3K fif Kohn-Sham J5 & () R ELE. AT TT
MEAVIZIRE.

H Bt o R B 5 R GURE B T B XK
DA AL UM R 2 5 R BRI .
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Abstract

The concept of compliant substrate epitaxy was first proposed by the scientists engaged in crystal growth in the early
1990s. The core idea is to take advantage of such an ultra-thin substrate that the film and the substrate generate strain
together to relieve the lattice mismatch during the epitaxy growth. The quality of the epitaxial film is improved due to
the reduction of the mismatch dislocation density. However, the preparation of the artificial ultra-thin substrate with
good quality requires rather complicated fabrication process. On the other hand, many transition metal dichalcogenides
naturally form the compliant substrates, due to their layered structure and weak van der Waals interlayer interaction.
In this paper, we introduce the transition metal dichalcogenides based compliant substrate epitaxy model and relevant
applications. Through combining density functional theory, linear elasticity theory and dislocation theory, we introduce
the model comprehensively by using the Au-MoSs as a prototypical example. And we explain the experimental results
of Au growing on MoS, from the early transition electron microscopy. In addition, we introduce the experimental work
related to the model, especially the Au-mediated exfoliation of large, monolayer and high-quality MoS,. Future directions

and relevant important problems to be solved are also discussed.

Keywords: compliant substrate systems, transition metal dichalcogenides, first principle calculations,

linear elasticity theory
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