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graphene and their applications
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We review recent research progress on mass production of two-

dimensional(2D)materials beyond graphene，including‘'top—down'’
exfolimion and“bottom-up”synthetic approaches．In addition，the

applications that require massively-produced 2D materials are

discussed．
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This review summarizes the stmctures，carrier dynamics，and

applications of position-sensitive detector(PSD)based two-

dimensional(2D)materials，and highlights the challenges and

opportunities in this research area．
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In this article，we review the current understanding of the optical
valley physics in the two-dimensional(2D)heterostructure composed
of transition metal dichalcogenide and other materials．The

challenge of building opto—valleytronics applications using the 2D

heterostructure iS also discussed．
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Achievement，challenge and future perspectives
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Two—dimensional materials provide tremendous opporttmities for

future on chip light sources．
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Recent advances in the strong exciton-photon interaction and

lasing of two dimensional transition metal dichalcogenide
semiconductors have been developed in the fields of ultra—small

and low-energy consumption coherent light sources．
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Ultrathin crystalline PbTe nanosheets in lateral size of tens of
microns wi廿l thickness down to～7 um are synthesized by van der
Waals epitaxy．Photodetectors based on the as-grown 2D PbTe

nanosheets exhibit an ultrahigh responsivity of 3，847 A／W at the
wavelength of 1，550 mn under room temperature．
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Metal—semiconductor．metal avalanche photodiodes are fabricated
from layered Bh02Se crystals，yidding intrinsic carrier m衅训on
factors up to 400，gain bandwidth products exceeding l GHz，and

detectivities up to 4．6 X 1014 lones．
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We present a verticalty stacked graphene／hexagonal boron nitride／

silicon fGr／h．BN／Si)van der Waals heterostructure to enhance

detectivity near-zero extemal bias of photodetector by inserting
min layer of h．BN to suppress dark current．We propose the
mechanisms of carrier flowing in all illuminated environment for

reverse and forward current regions．

乏
《

曼
参
襄

星
8

Energy(eV)

We observed the photoluminescence quantum yield of two-

dimensional(2D)perovskite thin microplates has been enhanced
28 times by graphene encapsulation．The enhancement mechanism
iS the reduced quantum confined Stark effect due to the reduced

surface depletion field，which leads to the enhanced radiative
recombination efficiency．
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IIl this review,we summarize the recent process
of the electro．mc

structLlral modulmion ofMoS2 for hydrogen evolution catalysis·
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This article reviews the epitaxial growth of monolayer MoS2 with

a particular focus on large-scale and high-quality fills．

Space-confined growth of metal halide perovskite crystal

伺Ims

Linyi Li，Jinxin Liu，Mengqi Zeng，and Lei Fu’

Wuhan University,China

1 609—1 624

Enlarged size Controlled thickness

Space—confined method

赣 器畸-
Tailored architecture

The size，thickness，quality and structure of the perovskite crystal
fill could be optimized through the space·confmed method with
various modified strategies．

⑧．5赢是热俄耳翼垒垒Springer www．em。怕1manager．com／na吲defau忆asp万方数据



V01．14，No．6，June 2021

Heterogeneities at multiple length scales in 2D layered

materials：F∞m localized defects and dopants to mesoscopic

heterostructures
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This paper provides a comprehensive review of controlled synthesis

and processing of heterogeneities at multiple length scales and

their impact on the macroscale properties and functionalities of

two-dimensional(2D)materials．

Atomic-scale insights into the formation of 2D crystals fmm

／n s／tu transmission electron microscopy

Yatong Zhul，Dundong Yuanl，Hao Zhan91，Tao Xul，，and

Litao SunI，2．‘
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Here we review the recent in situ transmission electron microscopy

(TEM)works on the formation of two-dimensional(2D)crystals
under electron irradiation，thermal excitation as well as voltage bias．

The underlying mechanisms are also elucidated in detail，providing

key insights into the nucleation and formation of 2D crystals．
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The fast growth of single crystalline WS2 monolayered flakes with
a side length of up to～500 pm was achieved via chemical vapor

deposition using K2WS4 as the growth precursor．
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A convenient experimental method for growing centimeter-scale

phase is also achieved by annealing under Te flux．

Substitutional doping in 2D transWon metal dichalcogenides

Leyi Loh。Zhepeng Zhang，Michel Bosman’，and Goki Eda‘

National University of Singapore，Singapore

1 668—1 681

Substitutional doping in two·dimensional(2D)group 6 transition
metal dichalcogenides(MX2，M 2 Mo，W；X

2
S，Se，Te)is key

to enabling novel functionalities of these materials．We review

the recent progress in the understanding of the physical effects of

doping．
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四

Surface charge transfer doping(SCTD)is emerging as an effective

and non-destructive doping technique to provide reliable doping
capability for two．dimensional(2D)materials as well as to tune

their electronic and optical properties，which facilitates the rational

design and construction of 2D．based functional devices with the
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WS2 andWSe2

Felix Carrascoso，Hao Li，Riccardo Frisenda+，and Andres

Castellanos．Gomez’

Consejo Superior de Investigaciones Cientificas，Spain

1 698—1 703

Enhancing stability by tuning element ratio in 2D transition

metal chalcogenides

Zhenjia Zhoul，Tao Xu2，Chenxi Zhan91，Shisheng Li3，Jie Xul

Litao Sun2，．and Libo Ga01'．

1

Na坷ing University,China
2
Southeast University,China
3
National Institute for Materials Science(NIMS)，Japan

1 704—1 71 O

We systematically study how uniaxial strain modifies the optical

properties ofsingle-，bi-and tri-layer transition metal dichalcogenides．

nitial ratio of X／M

a—X

Stable two．dimensional(2D)transition metal chalcogenides rely
on their stoichiomelric bonded element ratio．Vacancy defects with

X atoms，antisite defects with M atoms，and additive X atoms all
reduce the environmental stability．
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Electronics based on two-dimensional materials：Status and

outlook
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Elect‘onlcs based on two-dimensional materials
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More Moore and More than Moore are proposed
as铆o

pat—hs
to

maintain the development of the semiconductor lndustry·1wo‘

dirrlensional materials are proposing to be applied in
future electronic

devices by the More Moore and More than Moore paths·
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Recent progresses of NMOS and CMOS logic functions
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1 768—1 783
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Here，we reviewed the recent progresses of n-type metal-

oxide．semiconductor(NMOSl and complementary-metal-oxide-
semiconductor(CMOS)logic functions based on two-dimensional

semiconductors，providing insight for the develoment of more

complex logic circuits or microprocessors using two-dimensional

channel materials．
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Synthesis of magnetic two-dimensional materials by chemical
vapor deposmon
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Ⅱ二
Ternary Double binary

The inherently physical randomness of MoS，transistors from

materials growth and device fabrication process makes it appropriate
for the application of physical unclonable function(PUF)device．
The generated PUF kevs exhibit good randomness and uniqueness．

providing a possibility for harvesting highly secured PUF devices

with two．dimensional materials．

。警。
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This paper summarizes the growth methods for two—dimensional
(2D)magnetic materials via chemical vapor deposition with their
characterizations and applications．
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Recent progress about2D metal dichalcogenides：Synthesis

and application in photodetectors
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The van der Waals heterostructures comprising two-dimensional

(2D)ferromagnetic and ferroelectric materials provide plenty of

opportunities to achieve integrated on·-chip spintronic and non·-

volatile memou devices in future．

8(T)

Molybdenum disulfide field-effect transistors with graphene insertion

layer are fabricated using a physical transfer method．Gate-tunable
linear magnetoresistances(MRs)are obtained at 2 K，and can be

explained by the classical linear MR model caused by spatial
fluctuation of carrier mobility．

∥-◆

吣卟_◆
The vapour phase methods have been widely used in the growth of
two-dimensional(2D)metal dichalcogenides and their heterostrucmres．
Recent progress about high-performance photodetectors based

on metal dichalcogenides and various heterostructures has been

summarized．
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购

In this review,the progress and challenges on two．dimensional

(2D1 mmefial photodetectors are systematically discussed from the

perspective of advanced characterization technologies．including

transmission electron microscopy(TEM)，Raman,photoluminescence
(PL)spectroscopy and Kelvin probe force microscope(KPFM)，

scanning photocurrent microscope(SPCM)，and scattering scanning
near-field optical rnicmscope fs．SNOM)．These technologies provide
access to deep comprehension of intrinsic mechanisms and further

facilitate the development of next．generation photodetectors based

on 2D materials．
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Recent progress in study of mid-infrared(∞detectors based on
the low·dimensional materials，including black phosphorus，black
arsenic phosphorus，tellurene and BaTiS3，from the perspectives
of crystal structure，material synthesis，optical properties，and the
detector characteristics was reviewed．
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2D avalanche photodetectors

‘

2D layered materials

Impact ionization，which Can achieve carrier multiplication．iS a

promising strategy to design two-dimensional(2D)material-based
photodetectors with hi【gh gain．In this review,a host of eme唱ing
avalanche photodetectors based on 2D materials and their van der
弹幻Is heterostructures。and their potential applications in曲e field
of photon-counting technologies are detailed．
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