
7th International Workshop on
2D Materials

A3 Foresight Program
supported by JSPS

Abstract

2021. 2. 18　 19Thu Fri

On-lineVENUE











 

 
mm height x 

24 mm 
width 

7th International Workshop on 2D Materials 

Title of the Presentation: Theory of ground and excited states in layered magnetic materials  
 
 

First Name: Young-Woo 

Last Name: Son 

Affiliation: Korea Institute for Advanced Study, Seoul, Korea 

Email:  hand@kias.re.kr 

Short Biography:  

Y.-W. Son received his Ph. D. from Department of Physics, Seoul National University in 2004. After 
then, he visited UC Berkeley as a post-doctor and was an assistant professor at Physics Department, 
Konkuk University Seoul Campus. Since 2008, he has been a professor of computational sciences in 
Korea institute for advanced study, Seoul, Korea. He has interested in theoretical and computational 
understanding of solids and nanostructures in general.  

Abstract: 
In this talk, I will present my recent two works related with layered magnetic materials. First, to 
compute accurate electronic structures of large scale low dimensional systems having both p and d 
orbitals and to compare their total energies appropriately, we have developed a new first- principles 
method exploiting self-consistent evaluations of on-site and inter-site Hubbard interactions 
simultaneously [1]. It turns out that the new method captures a local Coulomb repulsion, covalent 
hybridization and their coexistence very well. With this, we investigate the ground states of various 
chromium trihalides compounds [2]. Second, within the configuration interaction theory, we 
compute resonant inelastic scattering spectroscopic signals for a layered antiferromagnetic NiPS3 
and obtain excellent agreement with an experiment [3]. Based on this, we explore a possible ordering 
of excitons with a background magnetism that may explain the observed anomalous optical 
absorptions and photoluminescence [3].  
[1] S.-H. Lee and Y.-W. Son, Phys. Rev. Research 2, 043410 (2020) 
[2] S.-H. Lee and Y.-W. Son, in preparation.  
[3] S. Kang, K. Kim, B. H. Kim et al., Nature 583, 785 (2020)  
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Jian Wang, Professor of Physics, received his bachelor’s degree in Physics from Shandong University 
in 2001, and PhD degree in condensed matter physics from Institute of Physics, Chinese Academy of 
Sciences in 2007. From 2006 to 2011, he worked as a Postdoc and Research Associate at Penn State 
University, USA. He was promoted to Professor at Peking University in 2017. He won Sir Martin 
Wood China Prize in 2015 and Outstanding Achievement Award for Research in Institutes of Higher 
Education of China in 2019. His current research interests are quantum transport properties of low 
dimensional superconductors and topological materials. In recent years, he has authored more than 
100 papers including Science, Science Advances, Nature Physics, Nature Materials, Nature 
Nanotechnology, Nature Communications, PNAS, Physical Review X, Physical Review Letters, etc. 
Jian Wang’s lab at Peking University possesses ultralow temperature-high magnetic field 
measurement systems and low temperature scanning tunneling microcopy/spectroscopy-molecular 
beam epitaxy ultrahigh vacuum system. More details: http://faculty.pku.edu.cn/JianWangGroup 

Abstract: 
The search for Majorana zero modes (MZMs) has been fueled by the prospect of using their 
non-Abelian statistics for realizing fault-tolerant topological quantum computing. In this work, we 
discovered the 1D atomic line defects formed by the missing topmost Te/Se atoms on the 
one-unit-cell-thick high-Tc superconducting FeTe0.5Se0.5 films (Tc ~62 K, much higher than that of 
~14.5 K in bulk Fe(Te,Se)). The zero-energy bound states (ZEBSs) are detected at both ends of the 1D 
atomic line defect, while the tunneling spectra in the middle of the long line defect recover to the 
fully gapped superconducting states. A series of control experiments show that the spectroscopic 
properties of the ZEBSs are found to be consistent with the MZMs interpretation [1]. Our theoretical 
analysis suggests that due to the large spin-orbit coupling, the 1D atomic line defect in monolayer 
FeTe0.5Se0.5 film may become an emergent 1D topological superconductor and a Kramers pair of 
MZMs appearing at both ends protected by time-reversal symmetry. Even without time-reversal 
symmetry along the line defect, the 1D topological superconductor can also be realized with a single 
MZM located at each end of the chain. This work, for the first time, reveals a class of topological 
zero-energy excitations at both ends of 1D atomic line defects in 2D high-Tc superconducting 
monolayer FeTe0.5Se0.5 films. Being a single material, higher operating temperature and zero 
external magnetic field, the monolayer FeTe0.5Se0.5 may offer a new platform to realize applicable 
topological qubits. 

Reference: 
[1] Cheng Chen, Kun Jiang, Yi Zhang, Chaofei Liu, Yi Liu, Ziqiang Wang and Jian Wang*. "Atomic line 
defects and zero-energy end states in monolayer Fe(Te,Se) high-temperature superconductors" 
Nature Physics 16, 536–540 (2020).  
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Abstract: 

Two-dimensional (2D) materials containing Dirac fermions have recently attracted intensive research 
attention for pursing fundamental science and developing quantum devices. Scientific and 
technological interests have maintained our efforts to synthesize new 2D materials and to discover 
novel electronic structures. Recently, fermions with Dirac nodal loops (DNLs) have been 
experimentally observed in several bulk materials. However, experimental observation of DNLs 
fermions in 2D materials is still lacking, excepting recent work on monolayers on metal substrates[1]. 
Free-standing 2D materials are much more convenient in experiments and in applications. The search 
for new and feasible synthetic free-standing 2D materials with DNLs fermions have attracted broad 
interests in condensed matter physics.   

In this research, we predict the existence of DNLs in free-standing layers of hydrogenated monolayer 
boron sheets (borophane or HB) based on the topological band theory and first-principles calculations 
[2,3]. The DNLs are topologically protected by the local chemical bonding and non-symmorphic 
symmetry. The three-center two-electron bonds in the HB sheets restrict the electronic system to be 
semi-metallic with a nodal loop at the Fermi level or insulating. Two types of the electronic structures 
are distinguished by a Z2 topological index. Moreover, the results are confirmed by band calculation 
of the density functional theory. The present topological classification can also be applied to the other 
atomic sheets to seek for novel Dirac Fermions. 

 

[1] B. Feng, IM et al., Nature Comm., 8, 1007 (2017).  

[2] N.T. Cuong, IM et al., Phys. Rev. B 101, 195412 (2020).  
[3] I. Tateishi, IM et al., Phys. Rev. Materials 3, 024004 (2019). 
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Shuyun Zhou received her B.S. from Tsinghua University in 2002 and Ph.D. in Physics from University 
of California at Berkeley in 2007. She was a postdoc fellow and a project scientist of the Lawrence 
Berkeley National Laboratory before joining the Department of Physics at Tsinghua University in 2012. 
Zhou group research focuses on the electronic structure and ultrafast dynamics of of novel two-
dimensional materials and heterostructures using advanced electron spectroscopies, including angle-
resolved photoemission spectroscopy (ARPES), Spin-resolved ARPES, Nano-ARPES and ultrafast time-
resolved ARPES. 

Abstract: 
Electron-electron interaction is fundamental in condensed matter physics and its relative strength 
can be quantified by the effective fine structure constant. Such effective fine structure constant is 
usually difficult to extract. Here we report direct experimental observation of characteristic diamond-
shaped plasmaron dispersion in a graphene/BN heterostructure near the Dirac cone of graphene, 
which is formed by interaction of electrons with plasmons. Such plasmaron dispersion allows to 
extract the effective fine structure constant, which is found to be largest among all graphene samples 
reported so far. Our work highlights the important role of electron-electron interaction in 
graphene/BN heterostructure. 
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Jieun Lee is an Assistant Professor of Physics at Seoul National University. She obtained B.S. and M.S. 
in Physics from Pohang University of Science and Technology (POSTECH) in 2007 and 2009, 
respectively, and Ph.D. in Physics from the University of Michigan in 2014. From 2014 to 2016, she 
worked as a Postdoctoral Associate at the Pennsylvania State University and then joined Ajou 
University in Korea as an Assistant Professor in 2016. From 2020, she started her position as an 
Assistant Professor of Physics at Seoul National University. Dr. Lee received the POSCO Science 
Fellowship awarded for Young Principle Investigators in 2019. Her research interests include 
spin/valley properties of 2D materials, quantum information science, and integrated nanophotonics. 

Abstract: 
Berry curvature is a physical quantity intrinsic in some periodic crystals which can give rise to many 
interesting physical phenomena in solid-state materials. Two-dimensional (2D) transition metal 
dichalcogenides such as MoS2 have non-trivial Berry curvatures at the edges of the conduction band 
at K and K’ valleys. This feature leads to many interesting valley-dependent phenomena such as the 
valley optical selection rule and the valley Hall effect [1]. In this talk, we show that by further applying 
strain to monolayer MoS2 and breaking the 3-fold rotational symmetry of the crystal, the dipole 
moment of the Berry curvature emerges, which enlarges the scope of the Berry curvature effects. In 
particular, by applying an electric field in the direction parallel to the Berry curvature dipole, we found 
the generation of the valley orbital magnetization on the entire channel of the sample, which is 
detected by the scanning Kerr rotation microscopy [2]. By incorporating flexible monolayer MoS2 
transistor devices with tunable strain, we measured the valley orbital magnetization that depends on 
the magnitude and direction of strain, which is fully understood by the Berry curvature dipole effect 
[3]. We will also discuss the dependence of the valley magnetization on electric field, crystal 
orientation and doping densities. 
 
 
 
 
 
 
[1]J. Lee et al., Nat. Nanotech. 11, 421 (2016).      
[2] J. Lee et al., Nat. Mater. 16, 887 (2017). 
[3] J. Son et al., Phys. Rev. Lett. 123, 036806 (2019). Fig. 1. Strain-induced Berry curvature dipole 

Strain 
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Dr. Xinfeng Liu, Professor, National Center for Nanoscience and Technology (NCNST), China. He 
received his Ph.D. from NCNST in 2011. He joined School of Physical and Mathematical Sciences of 
Nanyang Technological University (NTU), Singapore, as a postdoctoral research fellow. He joined the 
One Hundred Talents Program of the Chinese Academy of Sciences (CAS) in 2015. His research 
group focuses on light–matter interaction and ultrafast spectroscopy at micro to nanometer scale. In 
recent years, he has been published more than 170 peer-review papers in Nat. Mater,. Nat. 
Commun., Adv. Mater., JACS, Nano Lett. with total citations more than 11000 and H factor 51. He 
was the reviewer for Nat. Nanotech., Science Adv., Adv. Mater., Nano Lett. For more information, 
please refer to www.nanoctr.cn/liuxfgroup.  

Abstract: 
Understanding the formation and recombination dynamics between excitons and trions are critical 
for evaluating and improving the performance of two dimensional materials based optoelectronic 
devices. Herein, we have investigated the competitive luminescence processes of intralayer 
excitons and trions in WS2/WSe2 heterostructures with different (0°, 30° and 60°) twisted angles. 
We observed the increased photoluminescence (PL) ratio of trions compared to excitons in 
heterostructures with twisted angle of 30° and 60°. For twisted angle of 30°, the relatively large PL 
ratio of trions is caused by the high probability of trion formation than that of excitons. While for 
twisted angle of 60°, the ultrafast formation time of trions is the main reason for the 
trion-dominant proportion in the PL spectrum. Moreover, the power law between the excitation 
laser and the PL emission intensity reflects how the many-body effect affects the competition 
luminescence of excitons and trions. Our present results provide further understanding of the 
optical behaviors of intralayer excitons and trions in different twisted angle heterostructures. 
 
 
 
[1]J. Shi et al., Adv. Mater. 29, 1701486 (2017).  
[2] Y. Mi et al., Small, 13, 1701694 (2017). 
[3] J. Shi et al., ACS Photonics, 6, 3082 (2019). 
[4] Z. Jia et al., ASC AMI, 11, 20566 (2019). 
[5]Y. Li et al., Laser Photonics & Review, 13, 1800270 
(2019) 
[6]J. Shi et al., Adv. Opt. Mater. 8, 2001147 (2020) 

Fig. 1. The quasi-particles in WS2/WSe2

heterostructures
Fig. 1. The quasi-particles in WS2/WSe2

heterostructures
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Prof. Chul-Ho Lee received his B.S. (2005) and Ph.D. (2011) from the Department of Materials Science 
and Engineering of Pohang University of Science and Technology (POSTECH), Korea. After his Ph. D 
course, he worked in the Department of Physics (with Prof. Philip Kim) at Columbia University, United 
States, as a postdoctoral fellow. In 2014, then, he joined the faculty of the KU-KIST Graduate School 
of Converging Science and Technology at Korea University. His current research focuses on the device 
physics and applications of 2D semiconductors and their large-scale growth using metal-organic 
chemical vapor deposition (MOCVD). 

Abstract: 

Energy band engineering of 2D semiconductors is essential for the implementation of various 
electronic and optoelectronic functions. Molecular materials that can be assembled on the vdW 
surface have shown great potential for achieving such a purpose by tuning the Fermi level and 
interface band alignment. In this talk, two examples of molecular band engineering in 2D 
heterojunction devices will be discussed. First, I will present remote molecular doping in a 2D 
heterostructure transistor that can diminish doping-induced scattering [1]. In the WSe2/h-BN/MoS2 
heterostructure, the underlying MoS2 channel is modulation-doped by charge transfer, where 
charge-carrying electrons are spatially separated from molecular dopants on the WSe2 surface. The 
modulation-doped device exhibits the 2D-confined charge transport properties with suppression of 
impurity scattering, as verified by the increase of mobility with decreasing the temperature. 
Furthermore, a significant mobility enhancement, by a factor of 10, is achieved in the modulation-
doped MoS2 compared with the directly doped counterpart. Second, I will discuss highly tunable 
rectification in 2D-hybrid molecular heterojunctions. MoS2 and WSe2 are used as a rectifying designer 
at the alkyl or conjugated molecule/Au interface [2]. From the adjustment of band alignment at 
2D/molecule interface that can activate different transport pathways depending on the voltage 
polarity, the rectifying characteristics can be implemented and controlled. The rectification ratio 
could be widely tuned from 1.24 to 1.83 × 104 by changing the molecular species and type and the 
number of 2D layers.  

 
 
[1]D. Lee et al. Submitted (2020).      
[2]J. Shin, S. Yang et al., Nat. Commun. 11, 1412 (2020). 

− 8−



 

 

7th International Workshop on 2D Materials 

Title of the Presentation: Two-Dimensional (2D) Transition Metal Dichalcogenide (TMDCs) and One-
Dimensional (1D) Transition Metal Chalcogenides (TMCs) 
 

First Name: Taishi 

Last Name: Takenobu 

Affiliation: Department of Applied Physics, Nagoya Univ., Nagoya, Japan 

Email: takenobu@nagoya-u.jp 

Short Biography:   

 

Taishi Takenobu received his Ph.D. (materials science) from Japan Advanced Institute of Science and 
Technology (JAIST) in 2001. Since April 2001, he has worked in SONY corporation. From December 
2001, he was assistant and associate professor of Tohoku University. From 2010, he was associate 
professor and professor of Waseda University, and, from March 2016, he is currently a professor of 
Nagoya University. His current research interests include (1) realization of electrical driven organic 
laser devise, (2) flexible, stretchable and printable electronics based on organic and nano materials, 
and (3) solid state physics and functional devices of TMDC monolayer and TMC wire. 

Abstract: 

The development of bulk synthetic processes to prepare functional nanomaterials is crucial to 
achieve progress in fundamental and applied science. Transition-metal chalcogenide (TMC) 
nanowires, which are one-dimensional (1D) structures having three-atom diameters and van der 
Waals surfaces, have been reported to possess a 1D metallic nature with great potential in electronics 
and energy devices [1-6]. However, their mass production remains challenging.  

Recently, we demonstrated a wafer-scale synthesis of highly crystalline transition-metal telluride 
nanowires by chemical vapor deposition [7]. The present technique enables formation of either 
aligned, atomically thin two-dimensional (2D) sheets or random networks of three-dimensional (3D) 
bundles, both composed of individual nanowires. Particularly, the carrier transport properties of 2D 
sheets revealed the Shubnikov-de Haas oscillation, which suggests the formation of 2D carrier gas 
within laterally-assembled TMC atomic wires. 

 
[1] M. Potel et al. J. Solid State Chem. 1980, 35 (2), 286−290. 
[2] J. M. Tarascon et al., Mater. Res. Bull. 1984, 19 (7), 915−924. 
[3] J. M. Tarascon et al., J. Electrochem. Soc. 1985, 132 (9), 2089. 
[4] L. Venkataraman et al., Phys. Rev. Lett. 1999, 83 (25), 5334−5337. 
[5] L. Venkataraman et al., Phys. Rev. Lett. 2006, 96 (7), 076601. 
[6] Y. Xia et al., Nano Lett. 2020, 20 (3), 2094−2099. 
[7] H. E. Lim, T. Takenobu, Y. Miyata et al., Nano Lett., 10.1021/acs.nanolett.0c03456 (2020). 
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Prof Jong-Hyun Ahn received Ph.D degree at POSTECH, Korea in 2001. He joined SKKU as an assistant 
professor in 2008 after the postdoctoral experience in the University of Illinois at Urbana-Champaign 
for several years and moved to Yonsei University in 2013. He holds Underwood distinguished 
professor at Yonsei University, Korea. He has worked as a president of Korean Graphene Society, a 
director of the Center for strain engineered electronic devices, and an associate editor of NPG Asia 
Materials. 

Abstract: 

The wearable display is applicable in human healthcare monitoring and robotics, and their operation 
relies on organic light emitting diodes (OLEDs). The development of semiconducting materials with 
high mechanical flexibility has remained a challenge and has restricted application to unusual format 
electronics. In this talk, we present a wearable full color OLED display using MoS2-based backplane 
transistors fabricated on thin plastic substrates. In addition, we present the growth of MoS2 on a 
gallium-nitride-epitaxial wafer and the monolithic integration of the TFT array and micro-LED pixels 
to produce an active-matrix micro-LED display. These strategies represent a promising route to attain 
heterogeneous integration, which is essential for high-performance optoelectronic systems that can 
incorporate the established semiconductor technology and emerging 2D materials.  

 
 
[1]M. Choi et al., Sci. Adv. 4, eaas8721 (2018).      
[2]M. Choi et al., Sci. Adv. 6, eabb5898 (2020). 
 

 
 
Fig. 1. Full color OLED display operated by 
MoS2 backplane TFT. 
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Yanzhao Liu, a PhD candidate of International Center for Quantum Materials, School of Physics, 
Peking University, received his bachelor’s degree in physics from Peking University. He joined Prof. 
Jian Wang’s group of the Low dimensional quantum transport Laboratory in 2016. His research 
interests are focused on the quantum transport properties of topological materials under extreme 
conditions. 

Abstract: 
Log-periodic quantum oscillations discovered in transition-metal pentatellurides give a clear 
demonstration of discrete scale invariance (DSI) in solid-state materials. The peculiar phenomenon 
is convincingly interpreted as the presence of two-body quasi-bound states in a Coulomb potential. 
However, the modifications of the Coulomb interactions in many-body systems showing a Dirac-like 
spectrum are not fully understood. Here, we report the observation of tunable log-periodic 
oscillations and DSI in ZrTe5 and HfTe5 flakes. By reducing the flakes thickness, the characteristic 
scale factor is tuned to a smaller value due to the reduction of the vacuum polarization effect. The 
decreasing of the scale factor demonstrates the many-body effect on the DSI, which has rarely been 
discussed hitherto. Furthermore, the cut-offs of oscillations are quantitatively explained by 
considering the Thomas-Fermi screening effect. Our work clarifies the many-body effect on DSI and 
paves a way to tune the DSI in quantum materials. 
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(Grant No. 11888101, Grant No. 11774008, Grant No. 12004441), Beijing Natural Science 
Foundation (Z180010) and the Strategic Priority Research Program of Chinese Academy of Sciences 
(Grant No. XDB28000000). J.Y. and D.M. were supported by the U.S. Department of Energy, Office 
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[1] Y. Liu et al., npj Quantum Materials 5, 88 (2020). https://www.nature.com/articles/s41535-020-00290-6 
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Dr. Keisuke Shinokita obtained his B.Sc. (2008), M.Sc. (2010), and D.Sc. (2013) degrees from Kyoto 
University. He was a postdoctoral fellow at University of Groningen (2013-2015), a guest researcher 
at Max Born Institute (2015-2017), and a program-specific assistant professor at institute of advanced 
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dimensional materials. 

Abstract: 

Moiré patterns with angular mismatch in van der Waals 
heterostructures composed of atomically thin semiconducting 
materials are a fascinating platform to engineer the optically 
generated excitonic properties towards novel quantum 
phenomena. The moiré pattern as a periodic trap potential can give 
rise to spatially ordered ensembles of zero-dimensional exciton 
(moiré exciton), which offers the possibility for dense coherent 
quantum emitters and quantum simulation of many-body physics 
[1].  

Here, we report the novel excitonic features of the moiré exciton in 
a twisted WSe2/MoSe2 heterobilayer based on near-resonant 
photoluminescence excitation (PLE) spectroscopy. Figure 1 shows 
the photoluminescence (PL) spectra with different excitation 
energies. Several peaks observed in the PL spectra reflect the 
response of the interlayer exciton trapped with the moiré potential, 
or moiré exciton. The PL spectral shape strongly depends on the 
excitation energy. The specific moiré exciton emission was 
enhanced under excitation with ~25 meV excess energy, suggesting 
highly selective excitation. The excess energy is almost consistent 
with phonon energy of 29 meV. These results suggest that the moiré 
excitons are selectively excited with resonant phonon scattering 
process [2]. The results presented here of the resonant moiré 
exciton-phonon interaction, which could pave a new way for the 
exploration of novel quantum phenomena of the moiré exciton 
towards potential applications in quantum optics. 

 
[1] K. Seyler et al, Nature 66, 567 (2019). 
[2] K. Shinokita, K. Matsuda et al., Arxiv:2012.08720. 

 
Fig. 1. a Schematic of the 
moiré potential and moiré 
exciton. b PL spectrum 
obtained under near-
resonant excitation from 
Eexc.=1.356 to 1.377 eV. The 
black lines are fitted with 
multiple Lorentz functions. 
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Gwangtaek Oh received his Ph.D. in physics from Konkuk University. He is Post-Doctoral Fellowship in 
Konkuk University. His thesis is “Study on physical properties of graphene-based ambipolar barristor 
device”. He has been focused on analysis of electrical and optical properties of graphene-based two-
dimensional heterostructure. 
 

Abstract: 
Next-generation electronic and optoelectronic devices require a high-quality channel layer. 
Graphene is a good candidate owing to its high carrier mobility and unique ambipolar transport 
characteristics. However, the on/off ratio and photoresponsivity of graphene are typically low. 
Transition metal dichalcogenides (e.g. MoSe2) are semiconductors with high photoresponsivity but 
lower mobility than graphene. Here we propose a graphene/MoSe2 barristor with a high-k ion-gel 
gate dielectric. It shows the highest carrier mobility (~247 cm2/V∙s) among reported MoSe2 devices, 
high on/off ratio (3.3x104), and ambipolar behavior that is controlled by an external bias. The 
barristor exhibits very high external quantum efficiency (EQE, 66.3%) and photoresponsivity (285.0 
mA/W). We demonstrate that an electric field applied to the gate electrode can significantly 
modulate the photocurrent of the barristor resulting in high gate tuning ratio (1.50 μA/V). Therefore, 
this barristor shows potential for use as an ambipolar transistor with high mobility and on/off ratio 
and a gate-tunable photodetector with high EQE and responsivity. 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1. Scanning photocurrent 
microscopy image and |ISD|–Vbias curves 
of graphene/MoSe2 barristor device. 
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Figure 1. (a) Schematic diagram 
of characterization geometry. (b) 
Fitting results of 𝐻𝐻c(𝜃𝜃) at 4.5 K. 
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Abstract: 
The dimensionality of superconductivity is a key issue for the long-range-order phenomena emergent 
from competitions between condensation and fluctuation. For instance, two-dimensional (2D) 
superconductivity is strongly related to nontrivial Berezinskii–Kosterlitz–Thouless (BKT) transition, 
and provides a novel viewpoint to understand the quantum Griffith singularity, Ising pairing, and 
vortex creep, as well as mechanisms of high-temperature superconductors and other layered 
superconducting systems. 2D superconductivity has so far been successfully achieved in atomically 
thin layers, 2D electron gas at interfaces, and artificial superlattices [1-2]. However, it remains elusive 
whether naturally-formed bulk materials with intrinsic 2D-like superconducting bands are able to 
show 2D superconductivity behaviour.  
Here, we demonstrate that 2D superconductivity behaviour 
can be observed in bulk 2H-NbS2 based on experiments for 
upper critical magnetic field with high-resolution angle-
rotator, indicating that the intrinsic 2D-like superconductivity 
might also exhibit in bulk multi-band superconductor. Our 
results provide a new perspective to understand band-
selective pairing mechanism for 2D superconductivity in van 
der Waals materials. 
 
 
 
 
 
 
[1] Y. Saito et al. Nat. Rev. Mat. 2, 16094 (2017). 
[2] A. Devarakonda et al. Science 370, 231-236 (2020). 
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He joined Yuanbo Zhang’s group as an undergraduate in 2016 where he worked on atomically thin 
BSCCO thin film. In order to investigate the dimensional effect on this traditional high Tc 
superconducting material, he used scanning tunneling microscope and transport measurement to 
characterize the monolayer Bi2Sr2-xLaxCuO6+δ and found the monolayer cuprate, which contained only 
one Cu-O plane, was still superconducting. He received bachelor degree of physics at Fudan University 
in 2018 and became a graduate student at Fudan University. Now he focused on fabricating transport 
devices in UHV environment. 

Abstract: 
Atomically-thin layered van der Waals crystals represent ideal material systems in the two-
dimensional limit. The reduction in dimensionality fundamentally alters the electronic structure of 
the materials, often with profound consequences as best exemplified by the emergence of Dirac 
fermion in graphene[1],[2]. Vast opportunities arise in extending this top-down approach to other 
material systems. Recent experiment has demonstrated that two CuO2 planes contain all essential 
physics of high-temperature superconductivity[3]. Here, we study cuprate superconductor in the 
ultimate two-dimensional limit—monolayer of Bi2Sr2CuO6+δ (Bi2201) that contains only one CuO2 
plane. Even though the high-temperature superconductivity, along with various other correlated 
phenomena, persists in the monolayer, a slight drop in the superconductivity transition temperature 
Tc may indicate effect from reduced dimensionality. The extreme thickness brings unprecedented 
tunability; we are able to cover the entire phase diagram of Bi2201 with controlled oxygenation in a 
single monolayer specimen. Our results establish Bi2201 as a new two-dimensional material with 
highly tunable high-temperature superconductivity.  
 
 
 
 
 

[1] Novoselov, K. S. et al. Two-dimensional gas of massless Dirac fermions in graphene. Nature. 438: 
197-200 (2005). 

[2] Zhang, Y. et al. Experimental observation of the quantum Hall effect and Berry's phase in 
graphene. Nature. 438: 201-204 (2005). 

[3] Yu, Y. et al. High-temperature superconductivity in monolayer Bi2Sr2CaCu2O8+δ. Nature. 575: 156-
163 (2019). 
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Yoon Seok Kim received his B.S. (’15) from the Department of Materials Science and 
Engineering of Yonsei university. Then, he moved to his Ph. D of KU-KIST graduate school in 
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Abstract: 
Two-dimensional (2D) semiconducting transition metal dichalcogenides (TMDs) have attracted 
enormous attention because of exceptional optical properties such as large exciton binding energy, 
and strong light-matter interaction at the ultimate thickness limit. Such remarkable properties make 
them promising for high-performance light-emitting devices such as LEDs, LASERs, and single-photon 
emitters. However, high efficiency in the luminescence of those 2D semiconductors is inherently 
limited to monolayer regime due to indirect-to-direct bandgap transition and intrinsic high quantum 
yield should be realized for practical applications. In addition, constructing a quantum well structure 
with type I band alignment is difficult because most TMDs form the type II heterojunctions. 
Consequently, securing the large active volume and confining the excitons in 2D semiconductor 
heterostructures still remain a huge challenge. Here, we demonstrate the novel approach to fabricate 
atomic-layer-confined multiple quantum wells (MQWs) via monolithic bandgap engineering of TMDs 
and artificial van der Waals stacking. A fundamental building block of QWs, the WOX/WSe2 hetero-
bilayer with type-I band alignment, was prepared by monolithic oxidation of the WSe2 bilayer, 
followed by stacking the blocks into the MQWs. Unlike the case of stacking monolayers only, the 
photoluminescence (PL) characteristic was not quenched in this MQWs, and the super-linear 
increases of PL with the number of QWs were achieved. This is presumably because the WOX layer 
acts as a quantum-barrier layer between two adjacent monolayers, allowing to preserve the direct 
bandgap nature of monolayers even in the staked heterostructure. By examining the band structure 
of WOX/WSe2, we found that the hetero-bilayer WOX/WSe2 constitutes the quantum well for efficient 
exciton confinement and radiative recombination. Furthermore, the quantum-confined radiative 
recombination in MQWs was verified by a large exciton binding energy of 193 meV and a short 
exciton lifetime of 170 ps. This work paves the way toward monolithic integration of 2D superlattices 
for novel quantum optoelectronics. 
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Abstract: 

Graphene stacked on hexagonal boron nitride (hBN) with the crystallographic axis alignment 
generates a long-period superlattice potential because of a lattice-constant mismatch of ∼1.8%. This 
moiré superlattice breaks inversion symmetry and modifies the electronic band structure of 
graphene. Many exotic transport properties have been intensively examined in such superlattices [1], 
but previous studies have not focused on single-carrier transport. The investigation of the single-
carrier behavior in these superlattices would lead to an understanding of the transition of single-
particle/correlated phenomena. 

Here, we show the single-carrier transport in a high-quality bilayer graphene/hBN moiré superlattice-
based quantum dot device (Fig. 1(a)) [2]. To fabricate the high-quality device, we develop an original 
transfer technique that can assemble the 2D heterostructures without interfacial bubbles [3]. We 
demonstrate remarkable device controllability in the energy range near the charge neutrality point 
(CNP) and the hole-side satellite point 
(Fig. 1(b)). Under a perpendicular 
magnetic field, Coulomb oscillations 
disappear near the CNP, which could 
be a signature of the crossover 
between Coulomb blockade and 
quantum Hall regimes. Our results 
pave the way for exploring the 
relationship of single-electron 
transport and fractal quantum Hall 
effects with correlated phenomena in 
two-dimensional quantum materials. 

[1] K. Endo et al., Appl. Phys. Lett. 114, 243105 (2019). 
[2] T. Iwasaki et al., Nano Lett. 20, 2551-2557 (2020). 
[3] T. Iwasaki et al., ACS Appl. Mater. Interfaces 12, 8533-8538 (2020). 

 
Fig. 1. (a) Schematic and SEM image of the moiré 
superlattice quantum dot device. (b) Stability diagram 
of the double quantum dot device at 40 mK. 
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Miri Seo is a doctoral student of the Department of Physics, Ewha Womans University. She received 
BSc (2011) and MSc (2013) from Konkuk University. She has worked as a researcher at patent 
company and university from 2013 to 2016. Her current research focuses on applications of artificial 
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Abstract: 
We studied an optimal algorithm of machine learning to determine accurate measurement value our 
of noisy environment on the frequency change of the nanomechanical resonator for mass detection. 
In measuring devices made of low-dimensional materials, noise is one of the main factors that 
interfere with the device's intrinsic properties. Especially, if the noise included in the frequency is 
larger than the mass of the substance to be measured, the accuracy of the data is degraded due to 
the noise in an experiment in which the mass is confirmed through frequency measurement. We 
calculated the noise generated by the device itself and confirmed the limit of classifiable mass in a 
noisy environment using an artificial intelligence algorithm. The algorithms we used are largely 
divided into machine learning algorithms and deep learning algorithms. Using the various algorithm 
models included in each, the possible range of classifiable masses was confirmed. Also, we 
considered what needs to be improved to increase the reliability of the measurement results in actual 
experiments. 
 
[1] J. E.-Y. Lee et al., Appl. Phys. Lett. 91, 234103 (2007).      
[2] K. He et al., CVPR. 16541111, 1063-6919 (2016). 
[3] H. I. Fawaz et al., DMKD. 33, 917-963 (2019). 
 

 
Fig. 1. Device structure and frequency vs time graph 
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Abstract: 

Two-dimensional (2D) semiconducting transition metal dichalcogenides (TMDs) have emerged as 
attractive platforms in next-generation nanoelectronics and optoelectronics for reducing device 
sizes down to a 10 nm scale [1−3]. To achieve this, the controlled synthesis of wafer-scale 
single-crystal TMDs with high crystallinity has been a continuous pursuit. However, previous efforts 
to epitaxially grow TMDs films on insulating substrates (e.g., mica and sapphire) failed to eliminate 
the evolution of antiparallel domains and twin boundaries, leading to the formation of 
polycrystalline films. Herein, we report the epitaxial growth of wafer-scale single-crystal MoS2 
monolayers on vicinal Au(111) thin films [4], as obtained by melting and resolidifying commercial 
Au foils. The unidirectional alignment and seamless stitching of the MoS2 domains were 
comprehensively demonstrated using atomic- to centimeter-scale characterization techniques. By 
utilizing onsite scanning tunneling microscope characterizations combined with first-principles 
calculations, it was revealed that the nucleation of MoS2 monolayer is dominantly guided by the 
steps on Au(111), which leads to highly oriented growth of MoS2 along the ⟨110⟩ step edges. This 
work, thereby, makes a significant step toward the practical applications of MoS2 monolayers and 
the large-scale integration of 2D electronics. 

 
 
 
[1]P. Yang, Y. Zhang* et al., Nat. Commun. 9, 979 
(2018).      
[2] P. Yang, Y. Zhang* et al., ACS Nano 13, 3649 
(2019). 
[3] P. Yang, Y. Zhang* et al., ChemNanoMat, 3, 340 
(2017) 
[4] P. Yang, Y. Zhang* et al., ACS Nano 14, 5036 
(2020) 
 

Fig. 1. Wafer-scale uniform monolayer 
MoS2 single-crystal films
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Abstract: 
Two-dimensional materials, especially TMDs, have attracted a lot of attention for their superior 
electrical and optical properties in the fields of electronics, optics, and optoelectronics. Unlike bulk 
materials, TMDs makes up the layer stacked structure by van der Waals (vdW) force.[1] Due to this 
unusual layer stacked structure, TMDs shows the layer dependent electrical and optical properties. 
Although TMDs shows the unique properties in accordance with the number of layers, it still remains 
to control the number of layers of TMDs through growth process. In this study, we report the layer 
controlled growth of TMDs (especially MoS2) through metal-organic chemical vapour deposition 
(MOCVD). [2] With careful adjustment of precursor ratio, partial pressure, and growth time, we 
successfully synthesized MoS2 thin film ranging from 1 layer to 5 layers. In order to confirm the 
successful layer control of MoS2, we analyzed MOCVD-grown MoS2 thin films using a variety of tools 
such as photoluminescence (PL), Raman spectroscopy, differential reflectance spectroscopy (DRS), 
and field effect transistors (FETs). Combining the results from DRS and PL, we also confirmed the 
evolution of electronic structure in band diagram as increasing the number of layers. Finally, we also 
investigated the electrical performance as a function of the number of layers of MoS2 channel in 
terms of resistance, threshold voltage, and mobility. 
 
 
 
 
 
 
 
 
 
[1] A. K. Geim et al., Nature, 499, 419 (2013) 
[2] K. Kang et al., Nature. 520, 656 (2015).      
 

Figure 1. (a) Representative OM images of 
MoS2 and (b) their thickness plot measured 
by AFM and Raman spectroscopy. 
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Chun Li received his B. Eng. degree at Peking University, China, in 2018. He is currently a master 
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Abstract: 
Cesium halide bromide (CsPbBr3) has drawn wide attentions in the field of advanced optoelectronic 
applications due to excellent emission efficiency and unique environmental stability among 
perovskite family [1, 2]. In this talk, I will introduce our recent results on graphoepitaxy of large-scale 
CsPbBr3 nanowire (NW) array induced by surface grooves on muscovite mica (001) [3]. Through high-
resolution atomic force microscopy, we proved the tetrahedral distortion induced unidirectional 
grooves along the [100] direction on freshly exfoliated muscovite, which facilitated the graphoepitaxy 
of millimeter-scale CsPbBr3 NW arrays, aligned along the surface grooves via chemical vapor 
deposition (Fig. 1). Increasing the surface temperature to 520℃  overcame the groove barrier, 
leading to a typical van der Waals tri-directional growth model following the quasi-hexagonal lattice 
of muscovite mica. The optical spectra suggested that the CsPbBr3 NWs exhibited good optical quality 
and emission anisotropy without imperfections. Our findings unravel the surface reconstruction of 
muscovite (001) as a modulation for anisotropic heteroepitaxy, and elucidate the feasible growth of 
large-scale low-dimensional structures for anisotropic optoelectronics. 
This work was supported by the National Key Research and Development Program of China, the 
National Natural Science Foundation of China, and the Open Research Fund Program of the State Key 
Laboratory of Low-dimensional Quantum Physics. 
 
 
 
 
 
 
 
[1] Y. Gao et al., Adv. Mater. 30, 1801805 (2018).      
[2] Q. Shang et al., Nano. Lett. 20, 1023 (2020). 
[3] C. Li et al., Adv. Opt. Mater. 8, 2000743 (2020). 

Fig. 1. Schematic of CsPbBr3 nanowire 
array on muscovite mica (001) driven by 
surface grooves.
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Abstract: 

TMD is one of the most attractive materials for future transparent and flexible optoelectrical devices 
due to their atomically thin structure, band gap in visible light range, and high optical transparency. 
Those merits of TMD have not been applied for transparent and flexible solar cell, which is attracted 
intense attention as a next-generation energy harvesting technology. Recently, we have developed a 
new fabrication process of TMD-based solar cell [1]. In our process, Schottky type device 
configuration is utilized, which can be simply formed by asymmetrically contacting electrodes and 
TMD (Fig. 1). The power conversion efficiency (PCE) can be reached up to 0.7 %, which is the highest 
value for solar cell with similar TMD thickness [1].  

In order to achieve higher efficiency, it is important to investigate the detailed contact between TMD 
and electrodes. Thin metal (Mx) deposited ITO and pure ITO were used as Schottky and Ohmic 
electrode, respectively. Monolayer WS2 was used as a suspended channel between each electrode. 
Schottky barrier height (SBH) was measured by photocurrent line scan through the channel under 
different bias conditions for various devices.  

The SBH of Mx = Au, Ag, Cu increase with WF of Mx/ITO, which can be explained with traditional band 
model. Although higher SBH can be expected with Ni by following this trend, the SBH of Ni was lower 
than that of Cu. This can be explained by difference of Fermi level pinning effect. The Fermi level 
pinning factor (S), i.e. weakness of Fermi level pining effect, is known to be sensitive to the binding 
energy between metal and channel material. Ni is known to have higher binding energy than that of 
other metals such as Au, Ag, and Cu. Thus, Ni should show smaller S and lower SBH than other metals, 
which is consistent with our results. Based on these investigations, we successfully revealed the most 
suitable Mx (Cu) for Schottky electrode in TMD-based solar cell, which has relatively higher WF and 
weaker pinning effect, resulting in higher SBH and PCE. This finding is essential for understanding the 
contact between TMD and electrodes, and further improvement of the device performance can be 
expected.  

 

[1] T. Akama, W. Okita, R. Nagai, C. Li, T. Kaneko, and T. Kato, 
Sci. Rep. 7, 11967 (2017).   

 
Fig.1. Typical device 
structure used in this study.  
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Abstract: 

Diverse functionalized light-emitting devices based on monolayer transition metal dichalcogenides 
(TMDCs) have showed exotic properties, such as flexible light-emitting devices [1], chiral light-
emitting devices [2], and cavity-integrated photonic devices [3]. However, most reported researches 
have used exfoliated or CVD-grown single-crystalline monolayers. To further widen applications, the 
devices fabricated with large-area monolayers are necessary. Recently, we established a simple 
electrolyte-based light-emitting structure, which is suitable to generate electroluminescence (EL) 
using large-area TMDCs (Fig. 1a) [4]. Based on this method, here, we demonstrate various large-area 
light-emitting devices with WSe2, MoSe2, and WS2 monolayers to evaluate their EL properties. 

Two-terminal light-emitting devices were fabricated on CVD-grown polycrystalline monolayers with 
spin-coated electrolyte films (Fig. 1a). With applied voltage, the ions redistribute to form the electric 
double layers on the surfaces of electrodes and TMDC channel. Electrons (holes) are then injected 
from anode (cathode), and recombine to emit light. Figures 1b-1c indicates the spatial EL images of 
WSe2, MoSe2, and WS2 devices, respectively. We achieved direct observations of EL in various 
monolayers, and interestingly, we noticed that each device has its own light-emitting position within 
channel region (Figs. 1b-1c). To investigate the 
mechanism behind these phenomena, we measured the 
electron and hole mobilities in each device. As a result, 
we found out a proportional relationship between 
relative light-emitting positions and carrier mobilities. 
We will discuss the detail light-emitting mechanism by 
comparing with conventional organic light-emitting 
transistors. Our results offer possible ability for precise 
control of EL positions in large-area TMDC devices. 

[1] J. Pu et al., Nano. Lett. 12, 4013-4017 (2012).      
[2] Y. Zhang et al., Science 344, 725-728 (2014). 
[3] Y. Bie et al., Nat. Nanotechnol. 12, 1124-1129 (2017). 
[4] J.Pu et al., Adv. Mater. 29, 1606918 (2017) 

Fig. 1. Large-area TMDC light-emitting devices 
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Abstract: 
Two-dimensional high mobility semiconductors hold great potential for fabricating modern 
electronics. Layered material Bi2O2Se is one candidate which owns prominent performances in the 
field of photodetectors, FET, gas sensors and so on. [1] [2] [3] Recently, we developed a new chemical 
vapor deposition method to grow free-standing Bi2O2Se nanoplates to avoid doping from mica 
substrate. [4]  
The Hall mobility of the free-standing nanoplates is around 100,000 cm2/Vs at 2 K and 600 cm2/Vs at 
room temperature. Analysing low temperatue Shubnikov–de Haas oscillations, we succeeded in 
observing multi bands in free-standing nanoplates. We carried out angular dependence of the 
magnetoresistance and found out multi bands originate from bulk and surface of the nanoplates. 
Gating experiment also confirmed the results. 
This work is supported by National Natural Science Foundation of China (21733001 and 2191001016).  
Most of the quantum transport measurements were performed in Nanjing University, which is 
supported by National Natural Science Foundation of China No. 51861145201. 
 
 
 
 
 
 
[1] J. Wu et al., Nature Nanotech 12, 530–534 (2017). 
[2] J. Yin et al., Nature Commun  9, 3311 (2018).  
[3] S. Xu et al., Angew. Chem. Int. Ed. 59, 17938 
(2020). 
[4] C. Tan et al., Acta Phys. -Chim. Sin. 
 36, 1908038 (2020). 
 Fig. 1. (a) Optical image of the device. 

(b) Carrier density and mobility at 
different temperature. (c) Quantum 
oscillations gated by back voltage. (d) 
Bands movement under different back 
voltage.
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Abstract: 
Two-dimensional high mobility semiconductors hold great potential for fabricating modern 
electronics. Layered material Bi2O2Se is one candidate which owns prominent performances in the 
field of photodetectors, FET, gas sensors and so on. [1] [2] [3] Recently, we developed a new chemical 
vapor deposition method to grow free-standing Bi2O2Se nanoplates to avoid doping from mica 
substrate. [4]  
The Hall mobility of the free-standing nanoplates is around 100,000 cm2/Vs at 2 K and 600 cm2/Vs at 
room temperature. Analysing low temperatue Shubnikov–de Haas oscillations, we succeeded in 
observing multi bands in free-standing nanoplates. We carried out angular dependence of the 
magnetoresistance and found out multi bands originate from bulk and surface of the nanoplates. 
Gating experiment also confirmed the results. 
This work is supported by National Natural Science Foundation of China (21733001 and 2191001016).  
Most of the quantum transport measurements were performed in Nanjing University, which is 
supported by National Natural Science Foundation of China No. 51861145201. 
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voltage.
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Seong In Yoon received his Ph.D. degree in energy engineering in Ulsan National Institute of Science 
and Technology (UNIST) in 2020, and he is now a postdoctoral researcher in the energy engineering 
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Abstract: 
For a long time, confinement effect in the confined space has drawn keen attention for tuning 

chemical reactivity.1 Compared with 0D (zero-dimensional) and 1D confined spaces, 2D confined 
space is simple and structurally well-defined because direction of confinement effect only works up 
and down.2 A graphene sandwich structure for liquid pockets, which is well-known 2D confined space, 
is used as 2D confined spaces, and phase transition3 and hydrolysis4 in graphene liquid pockets 
occurred due to high van der Waals pressure. However, until now, organic reaction in 2D confined 
space has not been reported nor compared with the reaction at bulk space. Herein, we demonstrated 
cyclodehydrogenation of hexaphenylbenzene, which is well-known strategy for syntheses of 
polycyclic aromatic hydrocarbons, in 2D materials confined space. In addition, polymerization of 
dopamine for sheet-like polycrystalline structure in 2D materials confined spaces were confirmed. 
Although these reactions do not occur in bulk solution or powder, nanoconfinement effect by high 
pressure in 2D confined vessels enable these reactions at the same conditions. Furthermore, 
graphene/polydopamine/graphene showed enhanced electrical and mechanical properties and 
excellent water-diffusion barrier roles compared to bilayer graphene.  

 
 
 
 
 
[1] A-B. Grommet et al., Nat. Nanotechnol. 15, 256-271 (2020).      
[2] H. Li et al., Proc. Natl. Acad. Sci. USA, 111, 17023-17028 (2017) 
[3] T. Lehnert et al., ACS Nano 11, 7967-7973 (2017). 
[4] K. S. Vasu et al., Nat. Commun. 7, 12168 (2016). 
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Abstract: 

In atomically-thin two-dimensional (2D) materials, the physical property varies discretely 
with each increase in the number of layers from monolayer to bulk. Few-layer WTe2s [1,2] have 
stacking-order driven noncentrosymmetric crystal structures, leading to the peculiar Berry curvature 
related switchable functionalities such as the nonlinear anomalous Hall effect[3-5] and the 
ferroelectricity[6]. Although those transport properties are sensitive to the formation of the band 
dispersions near the Fermi level, it is difficult to accurately calculate the complex band structure of 
few-layer WTe2 by the first principles calculations. In our study, by using micro-focused laser angle-
resolved photoemission spectroscopy (ARPES) [7] in combination with the 2D materials 
manufacturing system that can freely stack atomic layers by image recognition, machine learning, 
and autonomous robots[8,9], we demonstrated the direct observations on the layer-number-
dependent band dispersions of the 2–5 layer WTe2. It revealed the sequential changes in the band 
structures exhibiting the even-odd nature of the number of layers and the insulator–semimetal 
transition. 

[1]Z. Fei, Nat. Phys. 13, 677 (2017).  
[2]I. Cucchi et al., Nano Lett. 19, 554 (2019).  
[3]K. Kan et al., Nat. Mater. 18, 324–328 (2019).  
[4]H. Wang and X. Qing npj Comput. Mater. 5, 119 (2019). 
[5]J. Xiao et al., Nat. Phys. 16, 1028 (2020).  
[6]Z. Fei et al., Nature 560, 336 (2018). 
[7]M. Sakano et al., Phys Rev. B 95, 121101 (2017). 
[8]S. Masubuchi, et al., Nat. Commun. 9, 1413(2018). 
[9] S. Masubuchi, et al., npj 2D Mater. Appl. 4, 3 (2020).  
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Abstract: 
Raman spectroscopy is one of the most widely used tools in the studies of 2-dimensional layered 
materials. It is used to determine the number of layers or other physical properties. In the case of 
graphene, the line shape and the position of the 2D band depend on the excitation energy due to the 
inter-valley double resonance scattering and can be used to determine the number of layers and the 
stacking order. In the case of transition metal dichalcogenides, the Raman spectrum varies greatly 
depending on the excitation energy, and many unusual effects have been reported. The Raman 
intensities of high-frequency intra-layer vibration modes are enhanced near resonance with exciton 
states. Some Raman peaks that are either forbidden or weak in non-resonant cases show strong 
enhancement near resonances. In the low-frequency Raman spectra, some unusual features, in 
addition to shear and breathing modes, appear near resonance with exciton states. Some intra-layer 
vibration modes exhibit Davydov splitting due to inter-layer interactions when the excitation energy 
is close to resonances. Recently, Raman spectroscopy is used to study magnetic ordering in 2D van 
der Waals magnetic materials. Some Raman features show an excellent correlation with the magnetic 
susceptibility changes and can be used as indicators of magnetic transitions. 
 
 
 
 
[1] J.-U. Lee and H. Cheong, J. Raman Spectrosc. 49, 66–75 (2018).  
[2] K. Kim, J.-U. Lee and H Cheong, Nanotechnology 30, 452001 (2019). 
[3] J. Kim, J.-U. Lee and H Cheong, J. Phys.: Condens. Matter 32, 343001 (2020). 
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Abstract: 

2D materials include excellent electrical and optical properties, which can be useful as various future 
optoelectrical applications. Recent progress in the production stage of 2D materials enable us to 
fabricate optoelectrical devices such as thin film transistors [1,2], non-volatile memories [3], and 
transparent solar cells [4]. However, there are huge gap between the current device performance 
and theoretically predicted one. One of the critical issues is the relatively low quality of CVD grown 
2D materials. To improve the material quality, understanding the growth mechanism is important. 
Unfortunately, the detailed growth dynamics of 2D material is still uncovered yet. Recently we have 
developed new CVD system, which can directly monitor the growth of TMD as real time optical 
images [5]. By using this in-situ monitoring CVD, we elucidate the unique growth dynamics of 
monolayer tungsten disulfied (WS2) from thermodynamical point of view. In this lecture, I’ll discuss 
the latest results relating with this topic together with the review of previous achievement about the 
growth mechanism of 2D materials.  

 
 
[1] T. Kato and R. Hatakeyama, Nat. Nanotechnol. 7, 651 (2012). 
[2] H. Suzuki, T. Kaneko, Y. Shibuta, M. Ohno, Y. Maekawa, and T. Kato, Nat. Commun. 7, 11797 
(2016).  
[3] H. Suzuki, N. Ogura, T. Kaneko, T. Kato, Sci. Rep. 8, 11819 (2018). 
[4] T. Akama, W. Okita, R. Nagai, C. Li, T. Kaneko, T. Kato, Sci. Rep. 7, 11967 (2017). 
[5] C. Li, T. Kameyama, T. Takahashi, T. Kaneko, T. Kato, Sci. Rep. 9, 12958 (2019). 
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Lin He graduated from Beijing University with a PhD degree in physics in 2009. He joined the faculty 
of Beijing Normal University in 2009 as an assistant professor, and was promoted to professor in 2015. 
Lin He started to explore novel structural and electronic properties of graphene since 2011 and his 
group focused on emergent phenomena in graphene. For examples, Lin He’s group demonstrated that 
atomic defect can induce local magnetic moments in graphene, directly imaged topological edges 
states in AB-BA domain wall of graphene bilayer, and demonstrated the existence of flat bands in 
magic angle twisted graphene bilayer for the first time. 

Abstract: 
In this talk, I will give a brief introduction about graphene, especially the novel electronic states 
realized in graphene [1-12]. For examples, I will show the realization of quasibound states and Berry 
phase “switch” in graphene quantum dots because of the Kleining tunnelling of massless Dirac 
fermions in graphene monolayer. I will also introduce the emergence of local magnetic moments and 
atomic-scale pseudo-spin vortices induced by atomic defects in graphene. I will also show how to 
tune the structures and electronic properties by introducing strain and a twist between two adjacent 
layers. The strongly correlated electronic phases, as recently realized in magic-angle twisted bilayer 
graphene and ABC-stacking trilayer graphene, will also be briefly introduced.   
1. S.-Y. Li, Y. Su, Y.-N. Ren, and L. He*, Phys. Rev. Lett. Vol: 124, PP. 106802 (2020). 
2. Y.-W. Liu, Y. Su, X.-F. Zhou, L.-J. Yin, C. Yan, S.-Y. Li, W. Yan, S. Han, Z.-Q. Fu. Y. Zhang, Q. 

Yang, Y.-N. Ren, and L. He*, Phys. Rev. Lett. Vol: 125, PP. 236102 (2020). 
3. Y.-W. Liu, Z. Hou, S.-Y. Li, Q.-F. Sun*, and L. He*, Phys. Rev. Lett. Vol: 124, PP. 166801 (2020). 
4. Y. Zhang, Y. Su, and L. He*, Phys. Rev. Lett. Vol: 125, PP. 116804 (2020). 
5. Y.-N. Ren, C. Lu, Y. Zhang, S.Y. Li, Y.-W. Liu, C. Yan, Z.-H. Guo, C.-C. Liu*, F. Yang*, and L. 

He*, ACS Nano Vol: 14, PP. 13081 (2020).  
6. Y. Zhang, F. Gao, S. Gao*, and L. He*, Science Bulletin Vol: 65, PP. 194 (2020). 
7. Z.-Q. Fu, Y.-T. Pan, J.-J. Zhou, K.-K. Bai, D.-L. Ma, Y. Zhang, J.-B. Qiao, H. Jiang*, H. Liu*, and 

L. He*, Nano Lett. Vol: 20, PP. 6738 (2020).  
8. Y. Zhang, Z. Hou, Y.-X. Zhao, Z.-H. Guo, Y.-W. Liu, S.-Y. Li, Y.-N. Ren, Q.-F. Sun*, and L. He*, 

Phys. Rev. B Vol: 102, PP. 081403(Rapid Communications) (2020). 
9. S.Y. Li, Y. Zhang, Y.-N. Ren, J. Liu*, X. Dai, and L. He*, Phys. Rev. B Vol: 102, PP. 121406 

(Rapid Communications) (2020). Selected as Editor’s Suggestion. 
10. Y. Zhang, Q.-Q. Guo, S.Y. Li, and L. He*, Phys. Rev. B Vol: 101, PP. 155424 (2020).  
11. Z.-Q. Fu, K. K. Bai, Y.-N. Ren, J.-J. Zhou, and L. He*, Phys. Rev. B Vol: 101, PP. 235310 (2020). 
12. Y.-N. Ren, Y. Zhang, Y.-W. Liu, and L. He*, Chinese Physics B Vol: 29, PP.117303 (2020). 
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Abstract: 
 
Symmetry plays a crucial role in condensed matter physics. In bulk crystals, symmetry is determined 
by the crystal structure, whereas symmetry of nano systems can be artificially controlled. For instance, 
bulk crystal of 2H type transition metal dichalcogenide (TMDC) has the inversion symmetry, but it is 
well known that once it is exfoliated to the monolayer form, the inversion symmetry is broken, 
resulting in peculiar optical and transport properties, which give rise to the concept of valleytronics 
[1]. Another recent example is the TMDC nanotubes. When TMDC is rolled into a tubular structure, 
the tube becomes chiral and polar, despite the nonpolar nature of two-dimensional (2D) TMDCs. As 
a result, we have observed a relatively large bulk photovoltaic effect, which is missing in nonpolar 
carbon nanotubes [2]. These examples exhibit that the linear (former) and nonlinear (latter) 
properties can be controlled by the artificial manipulation of structural symmetry in nanostructures. 
In other words, nanomaterials are a fruitful platform of symmetry engineering, which might bring 
about novel functionalities [3]. 
 
In this presentation, we report symmetry engineering in van der Waals heterostructures. Specifically, 
we focus on the emergence of in-plane polar structure at the heterointerfaces of nonpolar 2D 
materials. The combination we have chosen is the monolayer WSe2 and multilayer black phosphorus. 
Both materials are nonpolar, but polarization is created in their heterointerface. The emergence of 
polarity is intuitively understood as breaking rotational symmetry by combination of two lattice with 
three-fold and two-fold rotational symmetry. The polarity was probed by the observation of bulk 
photovoltaic effect [4]. Interestingly, the polar direction is rotated by twisting the alignment angle 
between WSe2 and black phosphorus. We will explain detailed experimental results in the talk. 

 

[1] J. R. Schaibrey, et al., Nat. Rev. Mater. 1, 160555 (2016).      
[2] Y. J. Zhang, et al., Nature. 570, 349 (2019). 
[3] T. Ideue and Y. Iwasa, Annu. Rev. Condens. Matter Phys., in press. 
[4] T. Akamatsu, et al., submitted for publication. 
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I got my PH. D degree from University of Science and Technology of China (USTC), and I am now a 
postdoctoral researcher of Prof. Je-Geun Park’s group in Seoul National University (SNU). My research 
interests are mainly focused on 2D magnetic materials and their device applications. 

Abstract: 

Controlling magnetic states by a small current is essential for the next-generation of energy-efficient 
spintronic devices. Very recently, van-der-Waals (vdW) magnets have rapidly emerged as key 
members of the field of two-dimensional materials and device physics [1-6]. Among all the magnetic 
vdW materials, Fe3GeTe2 received special attention because it is the only topological ferromagnetic 
vdW metal [7]. 

Here we report that surprisingly an in-plane current can tune the magnetic state of nm-thin vdW 
ferromagnet Fe3GeTe2 from a hard magnetic state to a soft magnetic state, through substantial 
reduction of the coercive field. This surprising finding is possible because the in-plane current 
produces a highly unusual type of gigantic spin-orbit torque for Fe3GeTe2, which is directly related to 
the large Berry curvature and so its band topology. And we further demonstrate a working model of 
a new nonvolatile magnetic memory based on the principle of our discovery in Fe3GeTe2, controlled 
by a tiny current. Our findings open up a new window of exciting opportunities for magnetic vdW 
materials with potentially huge impacts on the future development of spintronic. 

[1] J. G. Park, J. Phys. Condens. Matter 28, 301001 (2016). 
[2] J. U. Lee et al., Nano Lett. 16, 7433 (2016). 
[3] B. Huang et al., Nature 546, 270 (2017). 
[4] C. Gong et al., Nature 546, 265 (2017). 
[5] K. S. Burch et al., Nature 563, 47 (2018). 
[6] S. Kang et al., Nature 583, 785 (2020). 
[7] K. Kim et al., Nat. Mater. 17, 794 (2018). 
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 Abstract: 

2D magnetism plays a key role in both fundamental physics and potential device applications. 
However, the instability of the discovered 2D magnetic materials has been one main obstacle in 
deep research and potential application of 2D magnetism. We discovered the localized magnetic 
moments induced by Pt vacancies in air-stable type-II Dirac semimetal PtSe2 flakes[1]. The localized 
magnetic moments give rise to the Kondo effect, evidenced by logarithmic increment of resistance 
with decreasing temperature and isotropic negative magnetoresistance(NMR). Additionally, the 
induced magnetic moment and Kondo temperature appear to depend on thickness in the thinner 
samples (<10 nm). The small magnetocrystalline anisotropy revealed by first principles calculation 
indicates that the magnetic moments are randomly localized instead of long-range ordered. The 
findings demonstrate a new means to induce magnetism in 2D non-magnetic materials.  
[1]J. Ge et al., Adv. Mater. 2005465(2020). https://doi.org/10.1002/adma.202005465.      

Fig. 1. Magnetic moments induced by Pt vacancies in PtSe2 flakes. (a) An 
illustration of the local magnetic moments (red arrows) and a Pt-vacancy 
defect (the blue circle) placed in the topmost layer. (b) Longitudinal 
resistance of s3 as a function of temperature in log plot from 200 K to 2 
K. (c) The schematic diagram of magnetotransport measurements. (d) 
Isotropic NMR when the magnetic field is applied in ab plane of s3. 
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currently a postdoctoral research fellow in Prof. Jang’s group at Sogang University. Her research 
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Abstract: 
 Two-dimensional (2D) layered organic-inorganic lead halide perovskites have emerged as new 
generation of optoelectronic materials due to their naturally formed multiple quantum-well structure, 
unique photoelectric properties and better environmental stability compared to three-dimensional 
perovskites [1]. Recently, intentional doping with magnetic impurities in the perovskite family has 
been performed for introducing new functionalities in semiconductors. For example, defect-tolerant 
CsPbX3 (X=Cl, Br, I) nanocrystals were doped with Mn to improve optical properties and 
thermodynamic stability of the host material [2]. While the properties of free excitons or devices with 
Mn-doped 2D perovskites have been investigated, studies on excitonic matter and their interaction 
with Mn impurities remain elusive. In this work, we synthesized large-area, Mn-doped BA2PbBr4 
(BA=C4H9NH3) single crystals by a one-pot solution method. We investigated the exciton-biexciton 
population and relaxation dynamics in terms of the mass action law as a function of Mn doping ratio 
in order to understand the impact of Mn on the optical properties of the 2D perovskites. We report 
on some key physical parameters such as biexciton binding energy and exciton-exciton capture 
coefficient to form a biexciton by analyzing both temperature- and power-dependent 
photoluminescence spectroscopy.   
 
 
 
 
[1]W. Li et al., Nanophotonic, 9, 2001-
2006(2020).      
[2] D. Parobek et al., Nano Lett. 16, 7376-7380 
(2016).  

 
Fig. 1. Photograph of BA2PbBr4 and Mn-
doped BA2PbBr4 single crystals under white 
light (left) and 405-nm laser light (right). 
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Eunsu An is a PhD student in Prof. Jun Sung Kim’s lab at POSTECH, Pohang, Korea. He mainly studies 
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Abstract: 
We report magnetic properties of a new iron-based van der Waals (vdW) magnets Fe4GeTe2 and 
(Fe,Co)4GeTe2 with variation of their thickness. Fe4GeTe2 holds a unique position among vdW magnets, 
showing a nearly room-temperature ferromagnetic (FM) order, together with a large magnetization and 
a high conductivity [1]. The FM order of Fe4GeTe2 is highly tunable with Co doping, leading to high-TN 
antiferromagnetism of TN ~ 226 K [2]. These magnetic properties are well retained even in cleaved crystals 
down to several layers, with significant modulation of the spin configuration and also the magnetic 
anisotropy, which can be effectively read-out by their coupling to the electrical conduction. These findings 
manifest strong merits of metallic vdW magnets as an active component of vdW spintronic applications. 
 
 
[1] J. Seo, D. Y. Kim, E. S. An, et al. Sci. Adv. 6. 8912 (2020). 
[2] J. Seo, E. S. An, T. Park, et al. submitted.  
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Tongshuai Zhu received the B.S. degree in School of Physics from Shandong University, Jinan, China,  
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Abstract: 
Axion was postulated as an elementary particle with a low mass and weak interaction in particle 
physics to solve the strong CP (charge conjugation and parity) puzzle, and later axion was also 
considered to be a possible component of dark matter in the universe. However, the existence of 
axions in nature has not been confirmed. Interestingly, axions arise out of pseudoscalar fields derived 
from the Chern-Simons theory in condensed matter physics. In antiferromagnetic insulators, the 
axion field can become dynamical due to spin-wave excitations and exhibits rich exotic phenomena, 
such as the chiral magnetic effect and axionic polariton. However, antiferromagnetic dynamical axion 
insulator has yet been experimentally identified in realistic materials. Very recently, MnBi2Te4 was 
discovered to be an antiferromagnetic topological insulator with a quantized static axion field 𝜃𝜃 𝜃
𝜋𝜋protected by inversion symmetry 𝑃𝑃and magnetic-crystalline symmetry 𝑆𝑆 𝜃 𝑆𝑆𝑆𝑆1/2 , where 𝑆𝑆  is 
time reversal symmetry and 𝑆𝑆1/2 is half translation symmetry. Here, we studied MnBi2Te4 films in 
which both the 𝑃𝑃  and 𝑆𝑆  symmetries are spontaneously broken and found that substantially 
tunable dynamical magnetoelectric effects could be realized through tuning the thickness of 
MnBi2Te4 films, temperature or element substitutions[1].  
[1]Zhu et al.arXiv:2010.05424.                   
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Abstract: 

Bloch electrons lacking inversion symmetry exhibit orbital 
magnetic moments owing to the rotation around their 
center of mass; this moment induces a valley splitting in a 
magnetic field. For the graphene/h-BN moiré superlattice, 
inversion symmetry is broken by the h-BN. The 
superlattice potential generates a series of Dirac points 
(DPs) and van Hove singularities (vHSs) within an 
experimentally accessible low energy state, providing a 
platform to study orbital moments with respect to band 
structure. In this work, theoretical calculations and 
magnetothermoelectric measurements are combined to 
reveal the emergence of an orbital magnetic moment at 
vHSs in graphene/h-BN moiré superlattices. The 
thermoelectric signal for the vHS at the low energy side of 
the hole-side secondary DP exhibited significant magnetic 
field-induced valley splitting with an effective g-factor of 
approximately 130; splitting for other vHSs was negligible. 
This was attributed to the emergence of an orbital 
magnetic moment at the second vHS at the hole-side.  

[1] R. Moriya R. Moriya, K. Kinoshita, J. A. Crosse, K. 
Watanabe, T. Taniguchi, S. Masubuchi, P. Moon, M. 
Koshino, T. Machida, Nature Communications 11, 5380 
(2020). 

Figure 1: (a) Schematic illustration of thermoelectric voltage detection in a parallel graphene 
device. (b) Thermoelectric voltage (Vind) as a function of carrier density (nL) and magnetic field (B). 
(c) Calculated DOS for K and K´ valley as a function of the normalized carrier density n/n0 and B. 

− 36 −



7th International Workshop on 2D Materials 

Title of the Presentation: A native high-κ gate dielectric for 2D electronics 
 
First Name: Li 
Last Name: Tianran 
Affiliation: College of Chemistry and Molecular Engineering, Peking 
University, Beijing, China 
Email: litr-cnc@pku.edu.cn 
Short Biography:   

 

Tianran Li is a currently a PhD student in College of Chemistry, Peking University. He received his 
bachelor’s degree in Peking University. His research mainly focuses on 2D semiconductors and 2D 
electronic devices. 
Abstract: 

Figure.1 Fabrication of Bi2O2Se/Bi2SeO5 field-effect transistors and logic circuits 
The success of silicon as a dominant semiconductor in electronic industry largely owes to its native 
oxide counterpart, silicon dioxide. Synthesized simply by heating silicon wafer in oxygen atmosphere, 
SiO2 is highly dense, uniform and insulative and thus plays a very important role in all kinds of 
nanoelectronics devices. However, with the mainstream CMOS processing approaching sub-5 nm 
node, it became increasingly clear that Si/SiO2 system is coming to an end, as SiO2 has a far too low 
dielectric constant (ε = 3.9). 
Recently, we found the native oxide of high-mobility two-dimensional Bi2O2Se, Bi2SeO5, embodies 
both high interfacial quality and large dielectric constant. First-principle calculations showed that 
these two materials and form a typical type I heterojunction with band offset at both CBM and VBM 
larger than 1 eV, which is most suitable for field-effect devices. These transistors are fabricated with 
regional-selective etching and microfabrication techniques, showing carrier mobility > 300 cm2V-1s-1, 
Ion/Ioff ~ 106, near-ideal subthreshold swing (SS < 75 mV/dec) as well as much reduced transfer curve 
hysteresis. Most importantly, effect oxide thickness (EOT) of these FETs can be as small as 0.9 nm, 
with gate leakage much smaller than thermal SiO2 of similar EOT. The inverter circuits constructed by 
these FETs have a maximum voltage gain >150 at Vdd = 1 V. Combined the ultra-thin planar structure 
of 2D materials and their natural resistance to short-channel effect, this material system can break 
through the bottleneck of modern electronic industry, and hopefully extend Moore’s Law.  
 
[1] Li, T. et al., Nat. Electron. 3, 473-478 (2020).      
[2] Tu, T. et al., Nano Lett. 20, 7469-7475 (2020). 
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Abstract: 
 
Excitons, quasiparticles of electrons and holes bound by 
Coulombic attraction, can be created transiently by light and 
play an important role in optoelectronics [1], photovoltaics [2] 
and photosynthesis [3]. In contrast, they are also predicted to 
form spontaneously in a small-gap semiconductor or a 
semimetal, leading to a Bose-Einstein condensate at low 
temperature. However, despite the growing number of 
evidences for the existence of such material, called excitonic 
insulator [4], the presence of the spontaneously formed 
excitons has been elusive without any direct evidence.  
 
Here we detect the direct photoemission signal from such 
spontaneously formed excitons in a debated excitonic insulator 
candidate Ta2NiSe5. Our symmetry-selective angle-resolved 
photoemission spectroscopy reveals a characteristic excitonic 
feature above the transition temperature, which provides the 
direct estimates for the properties of excitons such as their Bohr 
radii and their anisotropy (see Fig. 1). The present result 
evidences the existence of so-called preformed excitons and 
guarantees the excitonic insulator nature of Ta2NiSe5 at low 
temperature. Direct photoemission can be an important tool to 
characterize steady-state excitons. 
[1] M. Mueller et al., MPJ 2D Mater. Appl. 2, 29 (2018).      
[2] M.M. Furchi et al., Nano Lett. 14, 4785 (2014). 
[3] H. Lee et al., Science 316, 1462 (2007). 
[4] Y. Wakisaka et al., Phys. Rev. Lett. 103, 026402 (2009); Y. F. 
Lu et al., Nat. Commun. 8, 14408 (2017); K. Sugimoto et al., 
Phys. Rev. Lett. 120, 247602 (2018).  

Fig. 1. (a) The photoemission 
signature of spontaneously 
formed excitons in Ta2NiSe5, 
as revealed by ARPES at the 
temperature of 380 K, and (b) 
the schematic illustration of 
the corresponding excitons in 
real space, constructed from 
the experimentally extracted 
anisotropic Bohr radius. 
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Abstract: 

The discovery of Dirac electrons in monolayer graphite (graphene) has initiated the search for new 
functional two-dimensional (2D) materials which exhibit the novel physical properties different from 
the bulk counterpart. Recently, monolayer transition-metal dichalcogenides (TMDs) are attracting 
particular attention since they are a promising candidate to explore exotic physical phenomena which 
are absent in bulk. Amongst TMDs, bulk vanadium ditelluride (VTe2) has been reported to exhibit 
one-dimensional structural phase transition from the octahedral 1T structure to the distorted 
octahedral 1T” structure, which is called double-zigzag chain structure at below 482 K [1]. Recently, 
our group have succeeded in fabricating a monolayer (1ML) VTe2 thin film on bilayer graphene / SiC 
by using molecular-beam-epitaxy (MBE) method, and elucidate the electronic structure originated 
from the 1T structure with angle-resolved photoemission spectroscopy (ARPES) [2]. On the other 
hands, the origin of different crystal structures between monolayer and bulk has not been 
understood yet.  

To approach this issue, we performed ARPES measurement for multilayer VTe2 thin film grown by 
MBE [3]. Figure 1 shows the ARPES results for 1ML (left) and 6ML (right) VTe2 films along the GM	
direction of first Brillouin zone with 1T structure. For 1ML VTe2, one can immediately recognize that 
the relatively flat band and the dispersive hole-like band exist below the Fermi level (EF), which are 
assigned as to the V 3d and Te 5p orbitals by 
comparing with the first-principle calculation, 
respectively. However, for 6ML VTe2, the slightly 
dispersive flat band corresponding to V3d orbitals 
apparently crosses EF, indicating a metallic nature 
in 6ML VTe2.  

In this presentation, we will present the 
electronic states of multi-layer VTe2 thin films in 
more details and discuss the crystal structure 
transition related with a charge-density wave 
(CDW) in VTe2. 

 
[1] T. Ohtani et al., Solid State Commun. 40, 629 

(1981).  
[2] K. Sugawara et al., Phys. Rev. B 99, 241404(R) 

(2019). 
[3] T. Kawakami et al., submitted. 

 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. ARPES intensity plots for 1ML (left) and 

6ML (right) VTe2 thin films grown on 
bilayer graphene/SiC. The red and 
yellow dotted lines represent the V 3d 
and Te 5p band, respectively. 
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Abstract: MoTe2 channel-based P(VDF-TrFE) ferroelectric nonvolatile memory is fabricated, which 
operates at minimum switching pulse voltage and minimum drain voltage. For the minimum 
switching voltage of 8 V, bottom-gate architecture is employed and its advantages are investigated. 
By using bottom-gate structure, we could avoid a dead layer formed at the interface between 
thermally-deposited Al and P(VDF-TrFE) at top-gate architecture. A dead layer in top-gated 
ferroelectric memory transistors increases the coercive voltage so as the switching pulse voltage. 
And, for the minimum drain voltage, a novel method of H2O2 treatment is developed. By oxidizing 
the source/drain area of MoTe2 surface by H2O2 solution, Ohmic contact between Pt and MoTe2 is 
achieved even without thermal annealing which would have a destructive effect on the crystal 
quality of P(VDF-TrFE). To demonstrate the benefit of our memory transistor in aspect of power 
saving, it is integrated into an OLED operating circuit. 

 
 

Fig. 1. Comparison plot showing switching pulse and drain/operation voltages of reported 
nonvolatile memory FETs, Memory hysteresis transfer and displacement characteristics, 
Power consumption-time plots of memory FETs  
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Abstract: 

Graphene and related two-dimensional (2D) materials associate remarkable mechanical, electronic, 
optical and phononic properties.[1] As such, 2D materials are promising for hybrid systems that 
couple their elementary excitations (excitons, phonons) to their macroscopic mechanical modes. 
These built-in systems may yield enhanced strain-mediated coupling compared to bulkier 
architectures, e.g., comprising a single quantum emitter coupled to a nano-mechanical resonator.[2] 
Here, using micro-Raman spectroscopy on pristine monolayer graphene drums, we demonstrate that 
the macroscopic flexural vibrations of graphene induce dynamical optical phonon softening.[3] This 
softening is an unambiguous fingerprint of 
dynamically-induced tensile strain that 
reaches values up to ≈4 × 10−4 under strong 
nonlinear driving. Such non-linearly 
enhanced strain exceeds the values 
predicted for harmonic vibrations with the 
same root mean square (RMS) amplitude by 
more than one order of magnitude. Our 
work holds promise for dynamical strain 
engineering and dynamical strain-mediated 
control of light-matter interactions in 2D 
materials and related heterostructures. 

 

[1]Q. Wang et al., Nat. Nano. 7, 699-712 
(2012).      
[2] I. Yeo et al., Nat. Nano. 9, 106-110 (2014). 
[3] X. Zhang et al., Nat. Commun. 11, 5526 
(2020). 

Fig. 1. a. Sketch of our experiment. The graphene layer is 
represented by the dark grey dashed line; its flexural 
motion is sketched with the light grey shade. M, DM, APD 
represent a mirror, a dichroic mirror, an avalanche 
photodiode, respectively. Upper inset: optical image of a 
suspended graphene monolayer contacted by a Ti/Au lead 
(scale bar: 2 μm). b. (up) Mechanical root mean square 
(RMS) displacement of a non-linearly driven graphene 
drum showing a hysteretic behavior. (down) The softening 
of the Raman 2D mode recorded during the mechanical 
frequency sweep. 
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Abstract: 
Semiconductors have long been perceived as a prerequisite for solid-state transistors. Although new 
switching principles for nanometer-scale devices have emerged based on the deployment of two-
dimensional (2D) van der Waals heterostructures, tunneling and ballistic currents through short 
channels are difficult to control, and semiconducting channel materials remain indispensable for 
practical switching. In this study, we report a semiconductor-less solid-state electronic device that 
exhibits an industry-applicable switching of the ballistic current. This device modulates the field 
emission barrier height across the graphene-hexagonal boron nitride interface with ION/IOFF of 106 
obtained from the transfer curves and exhibits unprecedented current stability in temperature range 
of 15-400 K. The semiconductor-less switching resolves the long-standing issue of temperature-
dependent device performance, thereby extending the potential of 2D van der Waals devices to 
applications in extreme environments. 

 

 
Fig. 1. Modulation of tunneling barrier height in field emission barristor and its I-V 
characteristics  
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Abstract: 

Plasmonic terahertz (THz) devices based on two-dimensional (2D) plasmons in transistor channels 
have been researched as promising candidates of on-chip, room-temperature operating, high-speed 
THz devices [1]. Plasmonic graphene-based field effect transistors (GFETs) have become a promising 
way for the development of an efficient detector of THz radiation. In this paper, we report on 
detection of terahertz radiation by using our original asymmetric dual-grating gates graphene-based 
FET (ADGG-GFET) structure. 
We designed and fabricated an ADGG-GFET (Fig. 1). The gate length is 500 nm (G1) and 800 nm (G2), 
and the distance of gate electrodes is 500 nm and 800 nm. ADGG -GFET has the grating gate, and it 
acts as a broadband coupler of incoming THz waves with 2D plasmon. Then, we measured output 
photovoltages from the drain electrodes of the fabricated ADGG-GFET using a digital storage 
oscilloscope upon pulsed CW-THz wave irradiation (centered at 0.95 THz) generated by an injection-
seeded THz wave parametric generator [2]. Figure 2 shows temporal response waveform from the 
drain electrode, demonstrating a strong photovoltaic response. In conclusion, the ADGG-GFET 
successfully works as a fast, sensitive THz 
detector. 
This work was financially supported by JSPS-
KAKENHI No. 18H05331, No. 20K20349, Japan. 
The device process and SEM observation were 
done at the Laboratory for Nanoelectronics and 
Spintronics, RIEC, Tohoku University, Japan. 
Adding to the primary author, Profs. H. 
Fukidome, A. Satou, T. Otsuji contributed to this 
work. 

 

[1] T. Otsuji and M. Shur, IEEE Microwave Magazine 15, 43 (2014). 
[2] S. Hayashi et al., Sci. Rep. 4, 5045 (2014).  

Fig. 1. (a)Schematic view of the ADGG-GFET and 
(b) an SEM image of a fabricated device. 

20 µm

Fig. 2. Temporal response waveform 
of output photovoltage 
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Abstract: 

Quantum spin liquids (QSLs) are a novel state of matter predicted to arise in quantum 
antiferromagnets where magnetic frustration or quantum fluctuations are strong enough to 
prevent magnetically ordered states even down to the lowest temperatures. QSLs are believed to 
exist in strongly correlated Mott insulators, and are thus related to unconventional 
superconductivity. Much work on QSLs has focused on triangular lattices where frustration is 
strong. An example is the bulk Mott insulator 1T-TaS2 which has attracted attention as a QSL 
candidate due to localized d-orbitals in the Ta atoms that form a triangular lattice in this material. 
This scenario, however, is complicated by interlayer coupling and possible different stacking orders 
in the bulk, thus motivating investigation into related single-layer materials. 

I will discuss our recent studies on single-layer (SL) 1T-TaSe2 that provide evidence for 2D QSL 
behavior. We have characterized the electronic structure of SL 1T-TaSe2 (grown via molecular beam 
epitaxy) by means of scanning tunneling microscopy/spectroscopy (STM/STS), angle-resolved 
photoemission spectroscopy (ARPES), and first-principles calculations. We observe Mott insulating 
behavior in SL 1T-TaSe2, including novel orbital texture not seen in bulk samples [1]. Vertical 
heterostructures formed by a single 1T-TaSe2 layer placed on top of metallic 1H-TaSe2 exhibit Kondo 
behavior, providing direct evidence for a triangular array of local spins in SL 1T-TaSe2. Evidence for a 
QSL-based spinon Fermi surface is observed in STM measurements of SL 1T-TaSe2 [2]. These results 
will be discussed in the context of recent theoretical predictions. 
 
 
 
 
 
 
 
[1] Y. Chen et al., Nat. Phys. 16, 218 (2020).      
[2] W. Ruan et al., arXiv:2009.07379 (2020). 

Fig. 1. Cartoon of the star-of-David 
CDW structure and local spins of single-
layer 1T-TaSe2.
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Abstract: 

Measurements of local optical properties are of great importance in designing nanoscale 
optoelectronic devices. Electron energy-loss spectroscopy (EELS) has been widely used for elemental 
identification in transmission electron microscopes (TEM) by using core-level excitations. Recent 
developments of monochromators after the e-beam guns has enabled us to access optical and 
vibrational ranges in the valence EELS regions from nanometric materials. Contrary to the core-level 
EELS, the valence EELS has a considerable delocalization effect which makes the local measurements 
intrinsically difficult. Here we show our continuous studies to develop the possibilities of valence EELS 
on low-dimensional materials. Attempts involve the local optical measurements of carbon nanotubes 
with atomic defects [1, 2], TMDC with various morphologies [3, 4], and individual quantum dots [5]. 
We will also show our challenge to use a TEM as a full phonon spectrometer with a nanometer spatial 
resolution even for non-polar materials [6] and measurements of exciton dispersion for a single-
layered TMDC [7]. 
 
[1] R. Senga et al., Nano Lett., 16, (2016), 3661-3667 
[2] R. Senga et al., Nano Lett., 18, (2018), 3920-3925  
[3] Y.-C. Lin et al, Adv. Funct. Mater. (2017), 1704210  
[4] P. Gogoi et al, ACS Nano 13 (2019), 9541-9550 
[5] J. Lin et al., Nano Lett., 16, (2016), 7198-7202 
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