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Fig. 1. Fundamentals of Peierls transition: (a) Diagram of uniformly arranged one-dimensional (1D) atomic chain; (b) diagram of

the 1D atomic chain after Peierls transition; (c) band structure of the 1D atomic chain before and after Peierls transition, with a

gap opening at kpl?; (d) real part of Lindhard function for 1D, two-dimensional (2D) and three-dimensional (3D) free electron gas

modelst); (e) process of phonon softening at 2kgl".
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Fig. 2. (a) STM image of Peierls transition in In-Si atomic chain. Inset: 4x1 reconstruction before the Peierls transition and 8 x 2

reconstruction after the Peierls transition®. (b) STM image of chiral topological solitons in In-Si atomic chain?. (¢) STM images

of the coexistence of metallic phase and CDW phase in defect-rich In-Si atomic chain. Inset: manipulation of defect density on areal
fraction of 4 x 1 phasel™. (d) Diagram of MTB structurel®. (e) STM image of MTB in 2D material MoSe,%. (f) dI/dV spectrum
of MTB and domain center in 2D material MoSe, measured by STS3.
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Fig. 3. CDW properties of 2D material, data from Ref. [68, 69].
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Fig. 4. Several mechanisms of CDW transitions: (a) Fermi surface map of monolayer VSe, measured by ARPESI™; (b) perfect
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Fig. 5. (a) Diagrams of the Star of David pattern, CCDW, and NCCDW in 17-TaS,""; (b) Diagram of the 17T layer in 2H-NbS,,
each Star of David contains an unpaired magnetic moment localized in the center!1%%,
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Fig. 6. CDW manipulation in 2D system: (a) STM image of metallic mosaic phase induced by voltage pulses in 17-TaS,. Inset: un-
changed David-star formation in CCDW of metallic mosaic phasel'”. (b) Switching between CCDW and hidden state induced by
optical pulse in 17-TaS,. Inset: diagram of experimental setup['®. (¢) STM image of partially water-adsorbed 17-TaS,. Inset: Fouri-
er transform images of STM topography showing two types of CDW periodicity including v/13 x v/13 and 3x30%. (d), (e) STM

images of monolayer NbSe,/BLG and NbSe,/SrTiO5(111) 122,
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Fig. 7. Relationship between CDW and Mott insulators: (a) The changes of resistivity and CDW phase with respect to temperature
in 17-TaS,, where the insert is the diagram of CCDW, triclinic CDW, NCCDW and ICCDWI'?. (b), (c) Spatial distribution of
dI/dV spectrum of 17-TaS, and 4H,-TaS, measured by STS. Insets are diagrams of their structure'%. (d) STM image of monolay-
er 1T-NbSe,. The distribution of UHB shows /3 x /3 R30° superstructure with respect to CDW2, (e) Diagram of charge trans-
fer insulator in monolayer 17-NbSe,*.. (f) d1/dV spectrum of 17-:NbSe, measured by STSI.
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Fig. 8. Relationship between CDW and superconductivity: (a) Phase diagram of 17-Fe, TaS,!'%"; (b) ARPES-measured energy distri-
bution curves of 17:Fe,TaS, at different doping level showing an electron pocket at I" point!'"7; (c) STM topography of Cug¢gTiSe,,
where the inset is the Fourier transform of STM imagel'™); (d) STS-measured dI/dV spectra of CDW regions and domain walls in

Cuy 5 TiSe,'™; (e) temperature-residual resistivity phase diagram of 2H-NbSe, upon electron irradiation!'%2.
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Fig. 9. (a) Changes of CDW mode and SC mode of Raman spectra with respect to temperature in 2H-NbSe, with spectral weight

transfer from CDW mode to SC mode when going into SC state, inset: Raman spectra subtracted from the data measured at 8 Kl

(b) Fourier transform of STS-measured dI/dV map in 17-TiSe,?'; (c) line profiles along three wave vectors of figure (b) |

213].
b
216].
b

(d) Fourier transform of STS image in RbV;Sby at different magnetic field*.
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Charge density waves in low-dimensional material®
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Abstract

Charge density waves (CDWSs) have triggered off extensive research in low-dimensional systems. The
discovery of CDW offers a new crucial clue to understanding the intrinsic mechanisms of low-dimensional
electron-phonon coupling and electron correlation. In addition, the physical properties of low-dimensional
material such as magnetism and superconductivity can be fine-tuned with accurately and effectively controlled
CDW phase. At the beginning,we briefly introduce the basic properties of CDW in one-dimensional and quasi
one-dimensional materials, revealing the physical proprieties of the CDW, for instance, the excited state and the
manipulation technologies. Then, focusing on the CDW in a two-dimensional system, we mainly introduce the
recent research progress and the generation mechanism of CDW of two-dimensional materials. The interaction
between CDW and Mott insulator and between superconductivity and other orders such as spin density wave
and pair density wave provide a new perspective to research the multi-electron collective excitation and electron
interaction. The manipulation of multi-electron collective excitation and electron-phonon interaction in CDW
through doping, high pressure and laser pulse is also introduced and shares similarity with the one-dimensional

system. Finally, in this article we propose a potential research application of two dimensional CDW.

Keywords: charge density wave, low dimensional systems, superconductivity
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