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Fig. 1. (a)(b) Ruoff et al. from the University of Washington in the United States used AFM tip to push graphene away on a

graphene columnl; (c) The thin layers of graphene was exfoliated from tape, which reported from Geim's group at the University of
Manchester in the UKP); (d) folding and unfolding graphene using STM tips!*.
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Fig. 2. (a) Fluorescence spectra was observed in the first monolayer MoS, material'?; (b) high switching ratio current response was

observed in monolayer MoS, FET!; (c) transport characteristics of thin layer black phosphorus devices under electric field regula-

tion[8 .
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Fig. 3. Band structure and superconductivity in magic-angle graphene superlattices('92 .
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Fig. 4. (a) Monolayer graphene and Bi2212 samples prepared by an oxygen plasma-assisted exfoliation method®; (b) superconduct-

ivity in a large-area of monolayer Bi2212 crystal24,
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Fig. 5. Mechanical exfoliation of different monolayer materials with macroscopic size: (a) Illustration of the modified exfoliation pro-
cess; (b)—(e) optical images of large-area MoS, exfoliated on different substrates; (f)(g) a variety of large-area two-dimensional ma-
terials obtained by exfoliation; (h)—(j) Raman and photoluminescence (PL) spectra of heterostructure and suspended 2D material?.
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Fig. 6. (a)(b) STM images of monolayer WSe, and MoTe, exfoliated onto Au layer; (c) LEED pattern of monolayer MoTey;
(d) ARPES band structure of monolayer WSe,; (e) electrical measurements of metal films and superconductivity of MoTe, ob-

served on thin metal films/29.
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Fig. 7. Schematic illustration of the layer-by-layer exfoliation procedure of bulk TMDs single crystals. (a) Method: (1) Depositing
gold on ultraflat silicon wafer; (2) spin-coating the surface with a layer of PVP; (3) using thermal release tape (TRT) to pick up the
PVP and gold; (4) pressing the ultraflat gold onto the surface of a bulk vdW crystal; (5) peeling off a monolayer and transferring
onto a substrate; (6) removing the TRT with heat; (7) dissolving PVP in water; (8) dissolving gold in an I,/I" etchant solution; and
(9) obtaining the single-crystal monolayer with macroscopic dimensions. (b) Schematic of the layer-by-layer exfoliation technique to
yield even and odd layers from an AB stacked TMDs crystals. (¢) Optical images of six monolayer samples (on SiO,/Si substrate)

sequentially exfoliated from a centimeter-size WSe, single crystal shown at the upper left corner®.

108201-7


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

¥ 1B ¥ Acta Phys. Sin.

Vol. 71, No. 10 (2022) 108201

(a) O, plasma

&b& ‘ Graphene

TTTCITLLL)

1L

W ICTTITIRE

10 p‘ml

Graphite ———————

Gold deposition

§ [
5 S
& .

Tape

.

P8 AR RLE TR A I A B R (a) MR HLE I T AEARE (D) —(d); MBS B9 TE WSe, JBE LI R AF B 9SO RFE (e);
() M ARIE AL (T A H ESR) N5, 8 0 7 B8 T2 4 19 BT WSe, ZOLMUAER I, LU R g 4 pml

Fig. 8. Fabrication process and characterization of suspended 2D materials. (a) Schematic images for preparing suspended samples.

(b)—(d) Optical images of exfoliated graphene, MoS, and WSe, on different patterned substrates, including rectangle, Hall bar and

circular hole structures. (¢) PL mapping image of suspended monolayer WSe,. (f) PL mapping images of Chinese zodiac signs,

which were collected on suspended WSe, flakes. Some details are added artificially, such as eyes and mouths. The scale bar is 4 pm[*3.
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SPECIAL TOPIC—Scalable production of two-dimensional materials

New progress and prospects of mechanical exfoliation
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Abstract

Since the monolayer graphene was first obtained in the year of 2004, mechanical exfoliation technique has
been widely used to prepare various two-dimensional materials such as transition metal dichalcogenides and
black phosphorus. Among a variety of preparation techniques of two-dimensional materials, mechanical
exfoliation technique shows advantages in its simplicity and universality. More importantly, the exfoliated two-
dimensional samples are the ideal ones for many novel phenomena. This paper introduces the background of
mechanical exfoliation technique and summarizes the problems of conventional mechanical exfoliation technique
in the development of two-dimensional materials. In order to solve the problems of low efficiency and small
sample size of conventional mechanical exfoliation technique, some modified mechanical exfoliation techniques
have been developed, such as oxygen-plasma-assisted exfoliation method and gold-film-assisted exfoliation
method. As a commonly used “top-down” preparation method, the new exfoliation technology is still full of
vitality in basic research and application of two-dimensional materials. In the future, larger size and higher

quality will be the development direction of exfoliation technology.

Keywords: two-dimensional materials, mechanical exfoliation, graphene, MoS,
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