%44 6 o A # Vol. 44, No. 6
2022 4F 12 H OPTICAL INSTRUMENTS December, 2022

XEHS: 1005-5630(2022)06-0066-07 DOI: 10.3969/j.issn.1005-5630.2022.006.010

SET P A DR IR & B R 5

WOk, X E2&, RN, R, S4TE
(EWEE TR Serfs S HHEL TR 0E, 14 200003)

WE: A3 B AT IR 7 P IR e fodd RIE B 2 09 5EM, - T — AP R w R
TR T FHREASWE R = F Kt 2% (polydimethylsiloxane, PDMS ) 694K 4 A4t 52 & 4645 7
%, PDMS WG 2 AH LR FALE RRADRE EW S0 As, 43 RE 4 A ARA,
AE TR BT AT RMOB LR ER, BAZRIEBIMEL, BT LI — Yefo = e
BN R ESA, HT KR T AR P AT R BAT AT RS, AR T A
BRI S T B @ A, WINMEF AT RIAREM AR RS R E &L
LEMEI M, TR KIS R M AL M0 F 5

KR #H5ER%; REES; FERARE; TELERIY; RARE
hESEE: TH742 XEkERER: A

Research on a fixed-site transfer method for low-dimensional
materials based on flexible polymer film

TAN Xin, LIU Yuchun, SHEN Tianci, MA Yanna, GU Fuxing
(School of Optical-Electrical and Computer Engineering, University of Shanghai for

Science and Technology, Shanghai 200093, China )

Abstract: To address the challenges of complex process and poor substrate adaptability in current
low-dimensional material transfer schemes, a fixed-site transfer method based on flexible polymer
film polydimethylsiloxane (PDMS) is proposed in this paper. The deformation of PDMS flexible
film is the basis for its close adhesion to different substrates. For different target substrates, only the
corresponding substrate micro-adjustment system cover plate need to be replaced, and in
combination with the three-dimensional displacement mechanical system, the universal fixed-point
transfer of one-dimensional and two-dimensional materials is realized. This method avoid the strict
conditions of vacuum adsorption and substrate heating during the transfer process, which
effectively reduce the difficulty of the fixed-point transfer of low-dimensional materials and

improve the transfer stability and versatility. In addition, this method also enable the construction of
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homogeneous junctions or other vertical structures of low-dimensional materials, thus greatly

improving the structural richness of low-dimensional materials.

Keywords: transfer system;

dichalcogenides; homostructure
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Fig. 1 Universal implementation platform for low-dimensional material transfer method
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Fig.2 Transfer of CdSe nanowires and the structural construction on a silicon substrate
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%5 6 3] WOk, AR EETRUERG YRR RGN R E R T « 71 .

FEBHH RS J5 Gt ] S B2 sl /D2 A S sl AL
AU R B OR OR G RS
(]I p T A LA W R ARG R, BR T R
Ji&, MBR DT RAOE T RE . B W
1. SREHFEZ T I .

2.3 StFimE_E 4 WSe, TE R RSN AR

T L2 WSe,— G2 b [T 22 8] (1) Y FE AR )
KT WSe,-PDMS Z[H] (PR B 7 (4R 05, 24 AL
5 R Ty S 0 VT S B AT S 1T Y W Se, [R] 5T 45 44
Plo WL TR HLZE WSe, Hfs 2 (]
1, I BB T B bR WSe, B8 ELEF
Lo [FIRE IR 56K rh O R e i g B, filf
WSe, 55 4T vy 7 42 fnl O -3 2o Y AR ) 25 B A —
. FE 2min J5, fESEAE, W WSe, (£
LT, SCELE SR B RS . R Rl
55— WSe, % 8 B £F v 1] WSe, 19 177,
FA PR AR RN AT SE R R A S . A T
FCLF sty T R R 45 A2, S0 o
HFRI IO RGN, IR AR e i
5 e a) M A B 5Ca) R i sl
IR WSe, 558 B2 v 1 1) S, WSe,
IR IES B, 18 5(b) G2 s i+ 51 /Y
WSe, [F] Ji 45 Wil s /], n UL AG SR ) o &4 3%
B S R AT i SEERI0IE T 52 WSe, 56
£ A YL AR 71 KT WSe, 5 PDMS 22 [a] AL
B 77, TR) 5G4 A 4 ARt AR R 2 R D AT 1 B )2
WSe, JCEFumigiie, RInT s Rl —0r g - 20
RS SCIAE LT it T 22 2 [/ 5 T 4 (ARG 5

(a) JL 5 WSe, $:H 24T
i L ) 0 0 ek ]

B 5 LR £ WSe, BREMIE Rl = E &

Fig.5 Microscope image of the WSe, homogeneous structure

(b) LTS F HLAY
[ 45 S FR ]

on the optical fiber end face

3% K 5 7 1k AT R SR ] AR B Y
WSe, [Al &5t e, WRFEE TIRGEM R
ek MIRHTE A i e s B i IR4E ATk
AT SRR AR G2 R AN A 2D R
SR RRE, M SCEL T R RN M
ko BRT H)2 WSe,, i adi% 7 ik R AT SE
MR s CVD A K 2R R TR —
A RAE R IR

ASCHRE I R kb, BEXEARTRIAY H
Bl AN e B 46 25 A TR i Al , 3@ ek v [l
PDMS MR AZ I Bsf (R 1 A8 S35 HOS [l e S
R E NG, FIHA S PDMS Z [H] AL R
INTRE RS RS Z ] B Y AR A ) SEEUM RS
AT B T L2 W FFERIAST SRS AR A5 A% 2 1, 4
TR R G SRR AR e R 38
# PDMS Jiif 5 4650 6 e 5], 9875 PDMS 22
PRS0 W] R R DR AR L
B, SRR RS AR R s SE A, AR
FARYEM B E L Fh IS HA IS T S % .

3 4 i

ARSCE IS T — R I N T
RE WAL PDMS H a4 A IR 4E A1 B} S
Jrik, B B AR RS b A 4438 i PDMS
T M Y T %) 32 9 T A S5 A TR e RS ) K s
G, LA BRSNS P SEEE T — 2Rk tt
RPRHLIR B 5l CVD A K A iR R oK
GENRE R . AR BARATR, (AT
B 5 2 R BT SR R S ae e, B AT Bl
H AR IR E R 38 s 5 8%, %07 /4 Sidf
JIE . SiO,/Si A IS G AT sty T 45 ¥ HA T2 138
FAYE. HAZARYERS 7 AN B 23 W BRI 44
AR KRS 2t B, AT AT R i R RS T i )
FeE A R T 3 I o (RIS AR E R RS 4 i
Z B FEAEAE T R T A RS PDMS Z [8] (ARG
B T7, %R St T SEIRAE R et R] o G A
PR, DT AR KB o IR A b R 25 4 1 =
P IIZARAE AR A B8 7 S M, 52
PMEREAR, TEARAEMRMERDET RS . MgtH
TSI A T T .



« 72 .

i

™Ng

EVE

S

B3Rk -

(1]

(2]

(3]

(4]

[5]

(6]

(7]

(8]

(91

[10]

[11]

[12]

[13]

NOVOSELOV K S, GEIM A K, MOROZOV S V, et
al. Electric field effect in atomically thin carbon
films[J]. Science, 2004, 306(5696): 666 — 669.

LIU Y C, GU F X. A wafer-scale synthesis of
monolayer MoS, and their field-effect transistors
toward practical applications[J]. Nanoscale Advances,
2021, 3(8): 2117 - 2138.

LIAOF, YuJ X, GU Z Q, et al. Enhancing monolayer
photoluminescence on optical micro/nanofibers for
low-threshold lasing[J]. Science Advances, 2019,
5(11): eaax7398.

YU J X, XING S, DAI G Y, et al. Direct-bandgap
bilayer WSe,/microsphere monolithic cavity for low-
threshold lasing[J]. Advanced Materials, 2022, 34(3):
2106502.

HUO N, KONSTANTATOS G. Recent progress and
future prospects of 2D-based photodetectors[J].
Advanced Materials, 2018, 30(51): 1801164.

ZHANG Y, CHEN W, FU T, et al. Simultaneous
surface-enhanced resonant Raman and fluorescence
spectroscopy of monolayer MoSe,: determination of
ultrafast decay rates in nanometer dimension[J]. Nano
Letters, 2019, 19: 6284 — 6291.

FURCHI M M, POSPISCHIL A, LIBISCH F, et al.
Photovoltaic effect in an electrically tunable van der
Waals heterojunction[J]. Nano Letters, 2014, 14(8):
4785 —4791.

SUKHWINDER S, JYOTIRMOY D, UTPAL §, et al.
MoS,/WO; nanosheets for detection of ammonia[J].
ACS Applied Nano Materials, 2021, 4(3): 2594 — 2605.
DEAN C R, YOUNG A F, MERIC 1, et al. Boron
nitride  substrates  for  high-quality = graphene
electronics[J]. Nature Nanotechnology, 2010, 5(10):
722 —726.

WAKAFUIJI Y, MORIYA R, MASUBUCHI §, et al.
3D manipulation of 2D materials using microdome
polymer[J]. Nano Letters, 2020, 4: 2486 — 2492.

LI H, WU J, HUANG X, et al. A universal, rapid
method for clean transfer of nanostructures onto
various substrates[J]. ACS Nano, 2014, 8(7): 6563.
PIZZOCCHERO F, GAMMELGAARD L, JESSEN B
S, et al. The hot pick-up technique for batch assembly
of van der Waals heterostructures[J]. Nature
Communications, 2016, 7(1): 1 — 10.

YU H, LIAO M, ZHAO W, et al. Wafer-scale growth
and transfer of highly-oriented monolayer MoS2

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

23]

[24]

[25]

[26]

continuous films[J]. ACS Nano, 2017, 11(12): 12001 —
12007.

ZHAO Q, WANG T, RYU Y K, et al. An inexpensive
system for the deterministic transfer of 2D materials[J].
Journal of Physics:Materials, 2020, 3(1): 016001.
YANG X, Li X, DENG Y, et al. Ethanol assisted
transfer for clean assembly of 2D building blocks and
suspended  structures[J].  Advanced  Functional
Materials, 2019, 29(26): 1902427.1 — 1902427.6.
REINA A, SON H, JIAO L, et al. Transferring and
identification of single-and few-layer graphene on
arbitrary substrates[J]. The Journal of Physical
Chemistry C, 2008, 112(46): 17741 — 17744.

SHI J, MA D, HAN G F, et al. Controllable growth and
transfer of monolayer MoS, on Au foils and its
potential application in hydrogen evolution reaction[J].
ACS Nano, 2014, 8(10): 10196 — 10204.

SCHNEIDER G F, CALADO V E, ZANDBERGEN H,
et al. Wedging transfer of nanostructures[J].
Letters, 2010, 10(5): 1912 — 1916.
CASTELLANOS-GOMEZ A, BUSCEMA M,
MOLENAAR R, et al. Deterministic transfer of two-
dimensional materials by all-dry viscoelastic
stamping[J]. 2D Materials, 2014, 1(1): 011002.
REBOLLO 1 G, RODRIGUES-MACHADO F C,
WRIGHT W, et al. Thin-suspended 2D materials:
facile, versatile, and deterministic transfer assembly[J].
2D Materials, 2021, 8(3): 035028.

KANOKWAN B, RATCHANOK S, TINNA C, et al.
Versatile, low-cost, and portable 2D material transfer

Nano

setup with a facile and highly efficient DIY inert-
atmosphere glove compartment option[J]. ACS Omega,
2021, 6(28): 17952 — 17964.
WANG X, KANG K, CHEN S, et al. Location-specific
growth and transfer of arrayed MoS, monolayers with
controllable size[J]. 2D Materials, 2017, 4(2): 025093.
RADISAVLIJEVIC B, RADENOVIC A, BRIVIO J, et
Single-layer =~ MoS, transistors[J].  Nature
Nanotechnology, 2011, 6(3): 147 — 150.
GOLASA K, GRZESZCZYK M, Binder J, et al. The
disorder-induced Raman scattering in Au/MoS,
heterostructures[J]. Aip Advances, 2015, 5(7): 077120.
TSAI M L, SU S H, CHANG J K, et al. Monolayer
MoS, heterojunction solar cells.[J]. ACS Nano, 2014,
8(8): 8317 — 8322.
YU J X, LIU F, GU Z Q, et al. Efficient higher-order
nonlinear optical effects in CdSe nanowaveguides[J].
Optics Express, 2018, 26(6): 6880 — 6889.
(%

al.

ZEIHEA)


http://dx.doi.org/10.1126/science.1102896
http://dx.doi.org/10.1039/D0NA01043J
http://dx.doi.org/10.1126/sciadv.aax7398
http://dx.doi.org/10.1002/adma.202106502
http://dx.doi.org/10.1002/adma.201801164
http://dx.doi.org/10.1021/acs.nanolett.9b02425
http://dx.doi.org/10.1021/acs.nanolett.9b02425
http://dx.doi.org/10.1021/nl501962c
http://dx.doi.org/10.1021/acsanm.0c03239
http://dx.doi.org/10.1038/nnano.2010.172
http://dx.doi.org/10.1021/nn501779y
http://dx.doi.org/10.1021/acsnano.7b03819
http://dx.doi.org/10.1088/2515-7639/ab6a72
http://dx.doi.org/10.1021/jp807380s
http://dx.doi.org/10.1021/jp807380s
http://dx.doi.org/10.1021/nn503211t
http://dx.doi.org/10.1021/nl1008037
http://dx.doi.org/10.1021/nl1008037
http://dx.doi.org/10.1088/2053-1583/1/1/011002
http://dx.doi.org/10.1088/2053-1583/abf98c
http://dx.doi.org/10.1021/acsomega.1c01582
http://dx.doi.org/10.1088/2053-1583/aa6e69
http://dx.doi.org/10.1038/nnano.2010.279
http://dx.doi.org/10.1038/nnano.2010.279
http://dx.doi.org/10.1063/1.4926670
http://dx.doi.org/10.1021/nn502776h
http://dx.doi.org/10.1364/OE.26.006880
http://dx.doi.org/10.1126/science.1102896
http://dx.doi.org/10.1039/D0NA01043J
http://dx.doi.org/10.1126/sciadv.aax7398
http://dx.doi.org/10.1002/adma.202106502
http://dx.doi.org/10.1002/adma.201801164
http://dx.doi.org/10.1021/acs.nanolett.9b02425
http://dx.doi.org/10.1021/acs.nanolett.9b02425
http://dx.doi.org/10.1021/nl501962c
http://dx.doi.org/10.1021/acsanm.0c03239
http://dx.doi.org/10.1038/nnano.2010.172
http://dx.doi.org/10.1021/nn501779y
http://dx.doi.org/10.1021/acsnano.7b03819
http://dx.doi.org/10.1088/2515-7639/ab6a72
http://dx.doi.org/10.1021/jp807380s
http://dx.doi.org/10.1021/jp807380s
http://dx.doi.org/10.1021/nn503211t
http://dx.doi.org/10.1021/nl1008037
http://dx.doi.org/10.1021/nl1008037
http://dx.doi.org/10.1088/2053-1583/1/1/011002
http://dx.doi.org/10.1088/2053-1583/abf98c
http://dx.doi.org/10.1021/acsomega.1c01582
http://dx.doi.org/10.1088/2053-1583/aa6e69
http://dx.doi.org/10.1038/nnano.2010.279
http://dx.doi.org/10.1038/nnano.2010.279
http://dx.doi.org/10.1063/1.4926670
http://dx.doi.org/10.1021/nn502776h
http://dx.doi.org/10.1364/OE.26.006880
http://dx.doi.org/10.1126/science.1102896
http://dx.doi.org/10.1039/D0NA01043J
http://dx.doi.org/10.1126/sciadv.aax7398
http://dx.doi.org/10.1002/adma.202106502
http://dx.doi.org/10.1002/adma.201801164
http://dx.doi.org/10.1021/acs.nanolett.9b02425
http://dx.doi.org/10.1021/acs.nanolett.9b02425
http://dx.doi.org/10.1021/nl501962c
http://dx.doi.org/10.1021/acsanm.0c03239
http://dx.doi.org/10.1038/nnano.2010.172
http://dx.doi.org/10.1021/nn501779y
http://dx.doi.org/10.1126/science.1102896
http://dx.doi.org/10.1039/D0NA01043J
http://dx.doi.org/10.1126/sciadv.aax7398
http://dx.doi.org/10.1002/adma.202106502
http://dx.doi.org/10.1002/adma.201801164
http://dx.doi.org/10.1021/acs.nanolett.9b02425
http://dx.doi.org/10.1021/acs.nanolett.9b02425
http://dx.doi.org/10.1021/nl501962c
http://dx.doi.org/10.1021/acsanm.0c03239
http://dx.doi.org/10.1038/nnano.2010.172
http://dx.doi.org/10.1021/nn501779y
http://dx.doi.org/10.1021/acsnano.7b03819
http://dx.doi.org/10.1088/2515-7639/ab6a72
http://dx.doi.org/10.1021/jp807380s
http://dx.doi.org/10.1021/jp807380s
http://dx.doi.org/10.1021/nn503211t
http://dx.doi.org/10.1021/nl1008037
http://dx.doi.org/10.1021/nl1008037
http://dx.doi.org/10.1088/2053-1583/1/1/011002
http://dx.doi.org/10.1088/2053-1583/abf98c
http://dx.doi.org/10.1021/acsomega.1c01582
http://dx.doi.org/10.1088/2053-1583/aa6e69
http://dx.doi.org/10.1038/nnano.2010.279
http://dx.doi.org/10.1038/nnano.2010.279
http://dx.doi.org/10.1063/1.4926670
http://dx.doi.org/10.1021/nn502776h
http://dx.doi.org/10.1364/OE.26.006880
http://dx.doi.org/10.1021/acsnano.7b03819
http://dx.doi.org/10.1088/2515-7639/ab6a72
http://dx.doi.org/10.1021/jp807380s
http://dx.doi.org/10.1021/jp807380s
http://dx.doi.org/10.1021/nn503211t
http://dx.doi.org/10.1021/nl1008037
http://dx.doi.org/10.1021/nl1008037
http://dx.doi.org/10.1088/2053-1583/1/1/011002
http://dx.doi.org/10.1088/2053-1583/abf98c
http://dx.doi.org/10.1021/acsomega.1c01582
http://dx.doi.org/10.1088/2053-1583/aa6e69
http://dx.doi.org/10.1038/nnano.2010.279
http://dx.doi.org/10.1038/nnano.2010.279
http://dx.doi.org/10.1063/1.4926670
http://dx.doi.org/10.1021/nn502776h
http://dx.doi.org/10.1364/OE.26.006880

	引 言
	1 实验装置
	2 实验和讨论
	2.1 一维CdSe纳米线定点转移
	2.2 平面Si衬底上二维MoS2定点转移
	2.3 光纤端面上二维WSe2定点转移和同质结构筑

	3 结　论
	参考文献

