
2D NbSe2 with Star-of-David CDW Superlattice--- 

A Versatile Platform for Exploring Quantum Phenomena 

 

Yeliang WANG 

School of Integrated Circuits and Electronics, Beijing 

Institute of Technology, Beijing, China. 

Email: yeliang.wang@bit.edu.cn 

 

  

Abstract 

The charge density wave (CDW) is a superstructure due to lattice distortion and results in 

the modulation of electronic states. In recent years, the study of CDW in two-dimensional 

systems has attracted more and more research attention. We dive into this exciting area by 

starting with the Mottness, spin, and CDW properties of single-layer NbSe2, then we 

continue to use molecular beam epitaxy to build a variety of CDW superstructures 

(including bilayer homojunction/heterojunction, one-dimensional CDW reconstruction, 

chiral domains). We have used scanning tunneling microscopy/spectroscopy to measure 

these superstructures with high spatial, temporal, and energy resolution, and observed a 

variety of novel effects such as spin states in a hexagonal lattice, metal-insulator transition, 

CDW lateral size effect, one-dimensional band bending, and reversible switching of chiral 

domains1-7. These works provide novel insights for the understanding and potential 

application of low-dimensional CDW-based quantum materials in nanoelectronics. 

 

 

Keywords: 2D materials，CDW，NbSe2，STM，Heterojunctions 

 

Bibliography 

 

[1] Liu, L.*; Gao, H.-J.; Wang, Y; et al. Direct identification of Mott Hubbard band pattern beyond charge 
density wave superlattice in monolayer 1T-NbSe2. Nat. Commun. 2021, 12, 1978. 

[2] Yang, H, Liu, L.*; Gao, H.-J.; Wang, Y.*; et al. Visualization of Charge-Density-Wave Reconstruction 

and Electronic Superstructure at the Edge of Correlated Insulator 1T-NbSe2. ACS Nano 2022, 16, 1332. 
[3] Chen, Y.#; Liu, L.#*; Gao, H.-J.; Wang, Y*; et al. Twisted charge-density-wave patterns in bilayer 2D 

crystals and modulated electronic states. 2D Mater. 2021, 9, 014007. 

[4] Huang, Z.; Liu, L.*; Gao, H.-J.; Wang, Y.*; et al. Size Dependence of Charge-Density-Wave Orders in 
Single-Layer NbSe2 Hetero/Homophase Junctions. J. Phys. Chem. Lett. 2022, 1901-1907. 

[5] Song, X.#; Liu. L.#*; Gao, H.-J.; Wang, Y.*; et al. Atomic-Scale Visualization of Chiral Charge Density 

Wave Superlattices and Their Reversible Switching. Nat. Commun. 2022. 13, 1843. 

[6] Liu. L.#*; Song, X.#; Qiao. J.*, Gao, H.-J.; Wang, Y.*; et al. Unveiling Electronic Behaviors in Heterochiral 

Charge-Density-Wave Twisted Stacking Materials with 1.25 nm Unit Dependence. ACS Nano 2023. 17, 

2702. 

[7] Song, X.#; Huang. X.#, Liu. L.*, Wang, Y.*; et al. Robust Behavior ofCharge Density Wave Quantum Motif 

Star-of-David in 2D NbSe2 Nanocrystals. Small 2023. 2305159. 

 


