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Fig. 1. Transfer methods for two-dimensional (2D) materials.
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Fig. 2. Preparation of graphene/h-BN heterostructure by PMMA mediated transfer: (a) Graphene is exfoliated on the surface of

water-soluble layer coated with PMMA; (b) the polymer film is separated from the substrate by the interface wetting of deionized

water; (c) graphene is aligned with h-BN; (d) graphene is transferred on to the h-BN on SiO,/Si substratel®?.
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Fig. 3. Transfer nanostructures onto arbitrary substrates by PLLA polymeric film: (a) Nanostructures on original substrate;
(b) PLLA and PDMS are coated on the substrate; (c) the PLLA and PDMS film are separated from the substrate by the interface
wetting of deionized water; (d) transfer the polymer film to the target substrate; (e) peel off the PDMS film; (f) remove PLLA by
CH,Cl, solution7.
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Fig. 4. Sacrificial-layer transferring graphene on to h-BN substrate: (a) A three-layer holder consists of a sacrificial film, a double-
sided adhesive tape and a transparent glass; (b) graphene is exfoliated on the surface of the holder; (c) graphene is aligned with h-
BN; (d) contact graphene with the target substrate; (e), (f) graphene is released from the holder and graphene/h-BN heterostruc-

ture is obtained*4,
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Fig. 5. Transferring WS, by a thin film of PS/small molecule composite: (a) WS, is grown on sapphire substrate by CVD methods;
(b) immerse the sample in liquid nitrogen for 15 min; (¢) immerse the sample in a Li* aqueous solution for 30 min; (d) a film of
polymer /small molecule composite is spun-coating on the sample and then separated from the sapphire substrate by the interface
wetting of deionized water; (e) transfer WS, to the target substrate; (f) the polymer/small molecule composite is removed by soaking
in toluene solution for 1.5 h*7.

AT WS, B IS S ARSI AT 15 min, 2.1.5 HEZHRHESE
BEA SR BRI RS (WS, S E AR S 2 2 R RS T 12 Schneider 26 B 1) F 5k
PIIIARROTIN o = 14.8 x 100/K Mla = 4.5 X je gl f LB 85 4 T IR0 M 022 5 R T 1Y
10 6/K)PT FEAAHE AR IS ; 2) MRRMIRA LT oA Jr ik, A0 B e, M RE T
KEETE 30 min, BERF L2280 WS, 55 Jeps gk 25 Tl R 835K M BE S Rk M
B Z 8], AR TG 2R dh iR B 3) # PS A/ AT 2 18], T4 K 5B Bk 5 4 T
OrF (W RS ) AR FIRE SR 4) MO B IR 3 FAR LI 0. R AR
FEFEARAE 60 C A 3 min; 5) FHUTRIRAERCL  fyfejep feg | %, 38 T LKA K S5 H s R 5 £
SN o TR, JFTEIZ O B % P S i A 25 FhILIE 582 YR, WEA K2R Mk
B TR WS, Sl FARIEEENES; 6) B s mik 1.
THEEA WS, BIRE Y BE R 5 H AR RER ST 4 S ) ELOARRAE L TR AN TR 6 7.
AT T) FEFEALAE 120 CCHREE T HERE 5 min, KR s mK PR K 45 M A K SRR (B L A
R R R R A, TN TAENAIMEIT 3 — %kt . 2 65) BAF] 30 mg/mL T
THER RZ LR G, (RSB IRE RS EED 3 s, BULIHESR T T8 e
VIR i 8) R RRARIBAE R 1.5 h, KBR FEA 2 LR WM SRR R LI T 4 i 3R
PESHRTETIR AWM, SRR FARRIRA A ] R R RN 2 R A Y, (i
e, 5 3 0 B o P e 2 B K T DR A

TN FAB2 PS RS DT h, /N FININA A2 ). =2 J5 A2 3001 MR R IR A
Al LIS PS RAWEER I, TSI AL LB ToKeh. KRR IV T, #4740k 55
FAFHEIN PS BW A, AR TR AU T R 3 A i A SIS 2 1 B Vv /e /K L. FH
(IR AL, MR R AN WS BIR BB TR MK R, [ B v
FRF T EBAGMEI B0 O IR A I WAL RO L A AOR S 5 bR X
(9 ZebhRL, BRI T AEARLT 100% 363 5F, SRR A YIS B HARLR S, 22
TREGRNBLLLICR, X F EMRE R T4 80K WS S A i, 2 0 TR B ] 5 B B
75 TR IO 2 J BT AR AL A IlibELp SZT N

028201-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol. 70, No. 2 (2021) 028201

a
(a) Patterned nanostructure

squ

Hydrophi\ic substrate

l Dip-coat a
polymer solution

polymer

()

l Wedge in water

Transfer

Water
Ahgn

K6 T2 5 R % 0k e % KD AL 9 K 25

Hydrophobic

(a) TEH K HLNE bR BIRIAL A0 K 254 5 (b) TRk

L

T Dissolve the scaffold

(e)

z, y, z control 3
kfor alignment :

T Bring in contact
(pump down water)
S

Alignment

.- Markers

G 2 THT Ji8 U4 494 7K 1o 23 1 1 B

(c) TEFE TR BIME T S K SE I8 2 855 (d) TEIRET I I T Al Eﬁ%f“ﬁ 1E; (o) BIEALYKEEHT 15 A AR 2L 12

fith; () J1 2R 2 5 2 5 i 43 T34 0

Fig. 6. Transferring patterned nanostructures by a cellulose film: (a) Patterned nanostructures on hydrophilic substrate; (b) hydro-

phobic polymer film is spun-coating on the substrate; (c¢) the polymer film is separated from the hydrophilic substrate by the inter-

face wetting of deionized water; (d) align the film with the target substrate by a mechanical probe; (e) contact the patterned nano-

structures with the target substrate; (f) the polymer film is removed with ethyl acetatel*.
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X — 7 1T DA s 45 B R T AR A B2 A
Bl (ARKTF 10000 pm? B2 A SE). LS T
KA PVA TR, K R Mk SR A 5 —m&
Sy TR B b, RS el HARSLR, Bpsal—
Yt MG B . WFIE R TR ARAT 0 B2 A BRI
i fE 300 A1 9 K TR fEEFS 430 AT 55 200000
1 800000 cm?/(V-s) (h-BN HJ 24 [y o 2 47 B A
i, Bl BN /graphene/BN = HHVAZEH). PVA W[
R TRANGE T340 B R IR B2 4R RE (i
A1 3075, MoS, 45), 1l H e o it B2 i AN T ZERe ik
(AR B SRS . X T2 7K S W i — 4k Rl ]

PUFHIEAKPE ) (n — F AR ) SRl PVA &5
Gy, A% RS i B a1

FIH PVA &5 50 MR 25 KR 2 2 A &

i (multilayer graphene, MLG) A i [ 7~ & & 40

B 7 s, B RUNTT: 1) Si0,/Si 3K F gk

5 nm 29 PVA R (7453 8000 r/min, Af[H] 30 s);

2) HERIAG A 22 AR Scotch et Hi ARSI M,

(a’)y i ‘ My Ya-pva (b)

“—
Sub-5 nm PVA

Sub-5 nm PVA

Si0, .
T~ 85 C 5i02

Exfoliation step

(c) (d)

Layer transfer step

' . -+ Film .
L ]
Si02 . HQO Target substrate
injection

Layer transfer step Layer transfer step

K7 PVARKER 40K (a) 7E PVAREH A
BIEREAL; (b) B 54 SRRl (o) FE S S e R
i JE L 25 8 KRB B PVA W51 (d) H50 BIGHE RS
2 H bR AL b

Fig. 7. Exfoliation and transfer of 2D materials by the PVA
film: (a) Graphene is exfoliated on the PVA film; (b) the
cantilever is in contact with the graphene; (¢) PVA is dis-
solved by dropping deionized water around the sample with
a syringe; (d) graphene is transferred to the target sub-
stratel®.
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7E 85 C (PVA MBI AR RE) IR T 74
AbHR, R EA BRI R BT 3) AR o I Y
B R, 7E AR B SRS 5K E HAR
(7B ks 4) P S 2 7 A il S L 25 8 oK Al
JR R PVA il 5) #2822 4 (20—30
wm/s), 564 A0 A S50 I AR S A IR R T 6)
B S ORISR A S B A B RS 7) Kbt
BIICE 1 x 10 mbar (1 bar = 10° Pa) H25 &
4t 400 °C 1B K 2 h LERMRHR TR .

2.1.7 & BRI BHESL

Liu 45 0oL i) FH BAT [ 90748 B 1) 4 Ja TR
vdWs fh 4032 22 30 125 BCELAT 7000 RS 1Y) 23 B
FE i, BT AAS B2 i 8 RSS2 i FH A R AR
K/NFR ], EHAE G BT ] 51558 Scotch EHT F1 25
(A it R EARL 1, 24 T i B o B e A% 1 1) e
A AR SRR Z 8] A R 5 R Z R DL bt
RS IR Z Bl FLTATRE (interfacial energy, I') 2%
5, —BERVE Topmetal > Tap2p > Toposubstrates
B LK B2 A vdWs A1RERT DL H e {4 |- 3]
BN ORI B A 4 R AT P05 3% VA AT LR AR
BA O REX AR ABHEVER) TMDs #: 5% )2
P B AL, R RO R PR Bl A A HEBREY
FEid, OGN T AR LMtz ma iz 0529 3k S ok
AR AT 34 7= BT O RCTH  BZ N T BT T
TR LA R TR R ER A i B R B 4 i L)
Tl RS L A2 | 2 )2 T ZEARM R A 555K SR 4L
R AT PG ST R AL T AT RE.

(a)

(b) R

Evaporation

Au
Si .
(e)  Peel off (f) < (g)
-— TRT
Monolayer

“ : Substrate
130 °C

I 45 %l B ) 12838 2 e B8 — AR MDRH 7 491 20
B 8 frn, HARSFEANR: 1) fER T3
Si K b AL F AR ZE R U — )2 150 nm JE 119 43 BE
2) FESNREERE—Z PVP (RIS, poly-
vinylpyrrolidone) &43F 1, 7 150 °C #t#% 5 min;
3) fFAETSRAT (TRT) ¥ PVP /4 JBIZM Si0,/
Si FEIK LR BT OR, ISR | T EUBT R R
P4 AR 00 4) B G ROHPAR TR A i 25 1) TMDs
HolRM R R 5) Seig I B a0y, T A mEeD
# (FQD_Au > FQ])-Q])), PR T AR BRRE A B L
IS FURG B T4 R 10 6) KSR % 5 2 HAn sk
R, 7E 130 °C JEE T I DL 25 BRPARE O T 5
7) FEEE K PIRN 2 h LLEER PVP &2 1
JBE, ISR whse, 48055 25 ARV UE 3 min, DASE
R ERBAESRMAIY; 8) /eI
A KI/L, 5 b 20 ph A i R A a5, 228K
5 IPA #pyetedh, N, T BT A8 2 K m A
I e 8. Shim 55 O | H Ni )8 5 TMDs
PER AR EAE AR ) T JEOR R A B2 A .

2.1.8 tLFaikiEAL kL

Lee 55 62 5 Gao %5 031 FI F] Ak 2 21 Dl 5% 7% v
¥ Ni/Cu i EA A SBIRFE A 2 1 H bR R
(SiO,/Si Bk PET 45) . ## )5 i KA A
SIGTE R & FET FESIATA] Hifd i A8 T 3R
B T SRPERE. HIE 0 FET FESI A rEREtaE,
1E-0.75 V IR T 238 7O 1 P % 353
A (1100+70) em?/(V-s) 5 (5504+50) cm?/(V-s).

(©) TRT/PVP/Au (d)
. e GPrcés
Peel .
vdW crystal
H,0 () @) 2D monolayer

(size: mm—cm)

~ pvp ==

B8 4 )m B B R KRB TMDs 812 (a) 75 Si R RV Aufl; (b) 78 & IR R BE IR PVP &> 718, (o) %
A ¥ PVP /4@ 2 M Si 2 LRIE; (), (e) FIH A #IES TMDs # i E HFRILIE; (f) 130 °C T EBRMBEIRH; (g) HEEE
FIKHIR U 2 h Bk PVP; (h) ¥ 3L 8R A KI/L, %80 Z00ioee & 32 100 00 4 15 (1) 76 H bR E R 2% i 1Y 512 TMDs £ i 7

Fig. 8. Exfoliation of TMDs crystals to large-size monolayer and transferring to a target substrate: (a) Au is deposited on the Si

substrate; (b) PVP polymer film is spun on the surface of the gold film; (c) the PVP/metal layer is peeled from the Si substrate by
TRT; (d), (e) TMDs is exfoliated to the target substrate by TRT/PVP/Au; (f) The TRT is removed at 130 °C; (g) PVP is re-
moved by soaking in deionized water for 2 h; (h) the substrate is immersed in KI/I, solution to etch the gold film; (i) monolayer

TMDs on the target substratel®!,
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(a) (c)

Mechanical

Support/graphene/Ni(or Cu)/SiOs peeling off Rapid etching
in water s 3 : with FeCls(aq)

h—#‘ : Si0,

# Post-patterning

Pre-patterning

()

Patterned graphene on Ni

Patterned graphene on
arbitrary substrate

/ Ni (or Cu) (d)

Graphene on
polymer support

' Transfer

(e)

Patterning

Graphene on
arbitrary substrate

B9 fbaEZInhi 8 CVD AR KEBMAERE (), (b) 48 /S0y SIK FAERKETE AL A BEEE S, (o) FEREFRMIEMAT
A 1R 40 TR S I A7 SRR /4 R RN Si0, FER 43 5 () R FeCl3 R 2145 Ji ; (e) #1825 H A% 2 H AR KL () D215 5

BRI b 1) A7 SR 074 i 02

Fig. 9. Transfer of CVD synthesized graphene film: (a), (b) Graphene grown or patterned on the metal/SiO, substrate; (c) the

graphene/metal layer supported by the polymer film is separated from the SiO, substrate by the interface wetting of deionized wa-

ter; (d) metal is etched by FeCly solution; (e) graphene is transferred to a target substrate; (f) the patterned graphene on the tar-

get substrate is obtained by lithography!©2.

FETAL AR Z i Ni/Cu 4R IBIEER 5B
BRI 9 PR, 7EAE Ko EIEALRY Graphene/
Ni(Cu)/SiO, K% 47 (PDMS BB K
), BN ER A LB KR Lo,
JZ /Graphene/Metal B A] M\ SiO,/Si K 1H 5355 . 1%
B A2 B T FeCly 8 (NH,)5S,05) ¥
izl Ni/Cu & )&, SRS A &4 1) PDMS
WREE R 2 B AR IL IR, 7R TR PD-
MS Bt xR 7 Pl R FeCly 5% (NHy),S,05
Z R 4 B B AN TR T LB, e R T )
[Eﬂ ﬁ@ [34,64].

AW P AT DA R 56 Ni/Cu 3
AR A B, 180T AR RS HoAh & TR BLIK B/
K1 TMDs, h-BN &8 8L J5 48, X5 T Si0,/Si %
R FE S, AT LAFI A KOH, NaOH, ZZ b4 fk
YZI i (buffered oxide etch, BOE) U & HF %
Z11 SiO, e SIZINFL RS 1265661 SR, Z) il 114 o JFC wfe
IR A, DL Z b 506 B 5T 1475 Y2 PRl %
T3 Tl Az A W R [ 858, A e ) 3R R ) okt
AT B
2.1.9  CRFF B L

HH P27 5 W 220 b ik v 5 S T 0 A R
M LA B K TR RS G 220 o i V) 550K 5658 ) A 162:67) ) i A
F R AT LASCEUIL I AT G AR L s e A iR
CINGNCCRuRERE N A R A SN STy

Wang 45 163 £t B4 IR A SRR 2H,0(1) + 2 —
Hy(g) + 20H (aq) H 5T AT S0KE A1 8505 M
FEg. ERAL R B R Cu R G W5 8
Wi/, 5 2iH BRI A Cu 24K CVD A K
AT SRR A I T AR AR RE . it —
AEER, Cu ZERE AR /NT 40 nm, A K
25 pm JRLEE RGOSR REAS IR PR B A
ML= R B 78 CVD A K A S AE il i i
FEANE] 10 iz, FEA R SERE L 0 7 25 /4 BL ISR T
JiElR—JZ PMMA 5701, X — R Ao 52
PR A BRI B R PN SR B s 2L LIk
BEIRAEVE N A . Graphite/Cu/Graphene/ PMMA
15 53 F WA R AR L 0.05 mM 1 K,S,0g VA
HLARBORE UL, 7E 5 VY B HURS T AT LA
th SN E BB AR Y L, SR RS O B
Graphene/Cu FHHIRYEHEVEHIT, Shzdemi PM-
MA #5735 WA C 2 18 B 25 I 77 7 FRL A T R
AT, JFRS Y80 WA R RE o R PG 8 o, A 25
TP DR i R R B ) R AR S . R E bR
B A LB 7K 7 SR PMMA /Graphene
WS, AR S T DA IR A A iR THT ) PMIMA
P 3 T, RSE I T A SR A B AR BRI A
. TEHAL E OB, KoSoOg IR £ T ff45R 3
B Cu(s) + S9042 (aq) — Cu?t + 2S04 (aq), Cu*t
TEBR M P B v AR B2 & A2 ] W 3Cu®t(aq) + 40H-
(aq) + 2¢ — CuyO(s) + CuO(s) + 2H,0(1), 4=
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B CupO 5 CuOB ™ JURTE Cu 3R FHAG 4 &
() — 2 i

H b2 3 B R R s A vk mT LU 0.25 mol /L
[ NaOH & % 0.50 mol/L [ Na,SO, ¥ W 1t %
KoSoOg WU 72, H Ak 27 3] B 56 7% B AN AT D)
EEERS CVD AR A 00, B n] DI Au HEIRER
A HZ WS, Pt JEEERMIA K MoS,/Grap-
hene 5 # BN/Graphene 53t 455 i 7274, a1
B BN 2 5 AR R AR O, AT # 1 il S2
IR A AR SR T 75 SR A AL PR S B KA i
H: H ™,

2.2 TFTEE®
2.2.1 PDMS # & #45:%

PDMS R &M A R #PER PDMS &
AT REAE BRI — bR, %7 T8 A e
& H A B AN AT ] W 79, R B K i T
() T AERP RS RS SR T RTRE. h T HE RS FE AR

Bubble Copper foi

A 10

ANeZ BN BAMVER 12, Rt/ b TRk
oAk 2L KA B BOY B, X R AR
TEMEREMF TR SR AL T (.

FIH PDMS &40 B TIL RS 1) e B S
ARERINE 11 Fis. ¥ PDMS 55 7Rk e 17
HIBEEE - L, HUAGR B — iR, SRR A S 4
TR B B [ E B ayz = 4EmT VR YRR . 70k
WA T, R REEE R PDMS M TS
B T HERPRILR (Si0,/S1) FeAr i R, AR5 18
PP SRS — AR5 BRI R 2. PDMS
VR P 301 2 0 R R O D A, R e i o
1E PDMS {573 T IR T ; S22 3 15 380 B8 1 I g
FIHE/N, R RE T 1) T B B H AR I SR
E [77]'

PDMS 3567 (A i 5T £ 5 7% 7% i 1) R L
P E AR I 2 T A - 4 B R i R SR 7 1
/N1 2 B R SR HLAT JRE T T B R AT DL
F| 100% FERE IR, MHREILK (BRI m)

AL 2 R BB Cu 6 LA A i (09

Fig. 10. Electrochemical exfoliation and transfer of graphene from Cu foilll.

Flakes are transferred

onto the stamp by
exfoliation with tape

-y

The stamp is pressed
against the substrate

(a)

Stamping stage Long worii'rr
(@ v, 2) \_-obje

M}ample
e
(z, y, 2)

lass slid
" Viscoel

astic
!stam

_ Microscope

g distance
tive

(b)

The stamp is turned
upside down

The flake is alligned on
top of the target substrate

W -

The flake has been
transferred

v

()

The stamp is peeled off
very slowly

Em—— s s

i

() / ) / (2) /
P11 PDMS FHAEBRAELDR (a) THRAHRE h DR . =40 G  FE 5 A 5% B AL, (b) 76 PDMS _FHLRRH 8 —

AERFEL; () ¥l A FE 5 PDMS B ; (d) FEL T HARZR IR XS TE; (o) MERESD 5 H ARSI (f) 5 PDMS MR R IR B ; (g) FE

BRI B F H AR AL 1)

Fig. 11. PDMS dry-transfer setup and process: (a) The dry transfer
stage and a XYZ sample stage; (b) 2D materials are exfoliated on
sample with the target substrate; (e) contact 2D materials with the
(g) the 2D materials are successfully transferred to target substratel™.

028201-

equipment consists of a optical microscope, a XYZ stamping
PDMS; (c) the PDMS is turned upside down; (d) align the
target substrate; (f) the PDMS is peeled from the substrate;

9
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TEOL N ERE R 0 2 TR J15h, 4 PDMSEHE 7
TN KR ST T RE S A AR IR, X 2 B
S| B8 22 I TV A8 118 8 R 88 T30 DA T 7 7 T Ak 77 A= e
JFE .

PDMS HikH B A — Ll AR 40 Jain
8 M1 AE R B e B Z 1% PDMS 5 43+ Bt itk
17 UV-O Tl 4b PR 5980 /0 17 4 e} 3% TH 4% 5T 19 i
Kt F5F% J5 XFAE S EAT 200 °C H.25 3B KA kR
TR AR SO TR 1 RS R T AR
Haigh % B0 254 i+ ) BAM4E (atomic force mic-
roscope, AFM), H1FRE #1253 (electron energy
loss spectrum, EELS) FI41415 4 H F BAHEE (sca-
nning transmission electron microscope, STEM)
WS AN, FEh 2% Ja AR T W PR 3 22 R ik
AR G YA R BUR T TE 451 . A0 Bk
JIT T FE SHLE BE AN A 35 v ST I I vd W s AH B
YERIRE PR A5 0F T, B B o RS L+ 3L E
YK I INIIRSL /Ny, 2 BTN AFM 85T R
Ui R 2 S5 23 2R IR R R R AR T PR S e, A
T VR R v P A 2 AR B - 2 i b 2 D)
W B} 2% Jot 25 e A SR I B e 5 R LR G
A REMARE BT, 7E 200 C B AJG, MRS EEHTRE
T LR A 2 TP 2 R TE ) PR A, o7 A 28 U
A I REREE RO R BE AR R B3 . 2P T
B JGRBEZ 500 C, R T BE A IR i
th, PR KA 5 A i EAA SR TR A 3 1
1 81,

2.2.2 vdWs 48 54 R 4% %

Pizzocchero 5 82 F| FH — 44 4L 2 [B] (1) vdWs
FHEAEH 5322 5% 523 T h-BN/Graphene /h-BN
WAL AR . AR TR A 24 H PMMA
2 PDMS A R IR T 1% 519970 vdW's A
AR R A SRR S AT -, Bk
TR EE MR AT T AT LB B 0 R b, ELAS e B A MR
KA P AT LIS BP0 1B 2551 20000
A1 15000 cm?/(V-s) FIBUZ L = 2 f1 22J5 2814

ZRb I I U 8 A 1) SRR R TN T8 (poly-prop-
ylene carbonate, PPC) 7E# #% il &k #5735 H 2L
YER. PPC/PDMS ZH ALY i 53§ Wil AATE 40 “C
5 T HEAORE IR ARG R 7, AT DL 4R R R
H 5 B2 M Si0,/Si i 0B, 10246 = 3
110 °C B, (553 A A B AL T AL 5 — 4k

ERHERE R 7, A sl S o s SOn] LA fgE
210 L V& VE B R B B bR LR R . HIAE h-
BN/Graphene/h-BN 5 5 45 i) % #% i 72 40 <] 12
Jin, 5K PDMS 5 2 5 48045 B 1R il
Ao B2 3% AT 5 0y v 444 o G 3 v O g 7, o
K325 B 3% 7 — iy, S8 )5 78 PDMS i 52¢ 1fi
JEVE—)Z PPC 4T #5838 h i )
— i [ 5 B W ERAE & B LS RS
SiO,/Si FENKH A B TR B, X —4b P FE m]
DA IS b} 2 (B BB, A R s
R TR B2 LA, SR 5 7E 3L I R T LA R
2 h-BN 5 7 S5 A 5 U R 1 B AT BN AR
[ Si0,/Si FEJIE [ FEAE i 55 IFFE 40 °C IREE T fin
P TE2E WS T4 = A T O R BNRE
X5, BRI A PPC o T 5 LI
SRk, PR R TR B 55 °C PR R 40 °C
JE AR I, B BN BESL B Si0,/Si Rk %
THD K 25 1 e BHFE PPC Wi . SRS, M H A A5

()
PDMS
“Pick up
PPC

40 °C
“Pick up” hBN

(d)
0 CNg, %

(b) I
“Drop-down”
110 °C MPC
bl

(a) Glass slide

L

“Drop-down”

PPC
PPC ¥ Aj Air
1T
110 C
ppc % (e)
Air —
110 <C

B 12 vdWs M 5 4 FH % ¥ % il 4 h-BN/Graphene/h-
BN SE4E  (a) BYIBE /PDMS/PPC A% h-BN M SiO,
FIEHE; (b) #£ 110 °C ¥ h-BN 54 BIEHES; () ¥ h-
BN/Graphene M\ SiO, FH#IES; (d)7E 110 °C 4 h-BN/Gra-
phene 5 h-BN & ; (e) ¥ il # h-BN/Graphene/h-BN
SR 2

Fig. 12. The vdWs pick-up technique for preparation of h-
BN/graphene/h-BN heterostructures: (a) h-BN is separated
from SiO, substrate by transparent glass/PDMS/PPC sup-
ports; (b) h-BN is stacked on graphene at 110 °C; (c¢) h-
BN/graphene heterostructure is separated from SiO, sub-
strate; (d) h-BN/graphene heterostructure is stacked on h-
BN at 110 °C; (e) h-BN/graphene/h-BN heterostructure is
successfully fabricated(®2,

028201-10


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 Z 3R Acta Phys. Sin. Vol. 70, No. 2 (2021) 028201

RERL Y Si0,/Si HEIE I E TERE T 5 IR EE 110 C
T, TG WA TR RRIR A A SR IR AR
5 PPC 43 FHiRER Y h-BN A S5, R
VEV- 6l 5 0T 5 s i 4 A J= A8
A ST PPC i/ FRERTES RS 21 Si0,/Si
K€ FIE R h-BN/Graphene SJii4h. #E L
B h-BN/Graphene 5 it 25 W [t 7€ PPC =543
W I 5 A6 2 h-BN FES 1, h-BN/Grap-
hene/h-BN = HIIAZ5HE) RIFG £ 5¢ A

T A 2045 Si0,/Si L5 2 18] A4 W B 7 e
Graphene-PPC 3, 7E5 i 2 oR 5 h-BN 4% il
A BIGTAEN Si0, FmiH1 5, Nkt
P vy S0 1) R/ NIRRT U2 h-BN RGT . Kim
S5 VR ARZOT A T R M AR AB SR
JEAABIGEER, MR EE Cao 45 B33 57 WUZ 1 55
I S FL PR RE RS A7 (0 28 A0 0 BLHCAE “BE A7 1. 1°0
() SRR AR AT, O AT LU A
SIS, X TMDs., TiAb B 5 HAT RRk IR 1Y
iy R e ST

2.3 JFRRIMEHHER

2R AR PR B S AR A 2 E AT R
JEAE P AR B B2 I R i A% 1k 08789,
HA R30S A B AL B | I
AT Tz iz T, (ERH G W A
KA P ATE MR T 52 Fx iy iz H 90,
1B AE R RS i BP /h-BNPT 48 55 it
SRR ot R — B, N e S R S E A T
AT HE.

2.3.1 HHARELEK

FURG, 16U R % 7 T A Pl Tk
R S UL AR R R FEAMU S PSRN,
S ) B RS R R b BT BRG44SR, X%
FORTEFER S8 B TR K AGIRIXE, P
A RIFSE A T 3 S R . A, Gantg: 192
i X} Bactronez -5 (1 R A8 55 SR 48 04 7ok, 5
Bl 5 A6 T 4 B AT DL AE 0SB T 10 451 L
FAAZIE VA TR P T8, i
TRT 1 TR PRI 452 v A

TEHEAAEFE PR E 13 iR, FE4
FH PRSI A 2 R, FR r e 285 b R 4 HL T PRI
AN R, AR EAT SR AR I 5 B R A A 1 9

L. R R K R R 1 TR R o A SR Al P
TR T ] P A 2 Bl A A . PR IR AR
TR I AR AR =, B A P Y 2 A
9 Ny DR UE S P RS R JC K TC S, D83 58 B
FIFFE S O, AU T4 NI AR 19 2% 1
AR P RO, IR T LR
FE PN S8 SR R 170 0 o 4 LA B 1) H A B e 7 4%
. YRS A N, 5 5% Hy, IREGSH, F&E
TR B 3R Pd AL I VR IR A S AR IR
RPN O, KA 2Hy 4+ 0y — 2H,0, LIFE
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Fig. 13. A transfer setup with inert gas protection!
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Fig. 14. Layer-by-layer construction of wafer-scale 2D hetero-
structures in vacuum: (a) Synthesis of large 2D materials;
(b) PMMA/2D material is peeled from the substrate by
TRT; (c) transfer Ly layer to L; layer in vacuum; (d) the
transferred materials are peeled from the substrate by TRT;

(e) heterostructures is stacked on the target substratel!0!l.
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Table 1.  Comparison among different deterministic transfer methods.
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SPECIAL TOPIC—Toward making functional devices at an atomic scale:
Fundamentals and frontiers

Methods of transferring two-dimensional materials®
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Abstract

The advent of two-dimensional (2D) materials, a family of materials with atomic thickness and van der
Waals (vdWs) interlayer interactions, offers a new opportunity for developing electronics and optoelectronics.
For example, semiconducting 2D materials are promising candidates for extending the Moore's Law. Typical 2D
materials, such as graphene, hexagonal boron nitride (h-BN), black phosphorus (BP), transition metal
dichalcogenides (TMDs), and their heterostrcutures present unique properties, arousing worldwide interest. In
this review the current progress of the state-of-the-art transfer methods for 2D materials and their
heterostructures is summarized. The reported dry and wet transfer methods, with hydrophilic or hydrophobic
polymer film assistance, are commonly used for physical stacking to prepare atomically sharp vdWs
heterostructure with clear interfaces. Compared with the bottom-up synthesis of 2D heterostructures using
molecular beam epitaxy (MBE) or chemical vapor deposition (CVD), the construction of 2D heterostructures by
transfer methods can be implemented into a curved or uneven substrate which is suitable for pressure sensing,
piezoelectric conversion as well as other physical properties’ research. Moreover, the transfer of 2D materials
with inert gas protected or in vacuum operation can protect moisture-sensitive and oxygen-sensitive 2D
materials from degerating and also yield interfaces with no impurities. The efficient and non-destructive large-
area transfer technology provides a powerful technical guarantee for constructing the 2D heterostructures and
exploring the intrinsic physical and chemical characteristics of materials. Further development of transfer
technology can greatly facilitate the applications of 2D materials in high-temperature superconductors,

topological insulators, low-energy devices, spin-valley polarization, twistronics, memristors, and other fields.
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