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Kelvin Probe Force Microscopy Study on Chiral Superconductor 4Hb-TaS,
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Abstract Van der Waals material is a new kind of thin material, which is connected by several thin layers of
covalent bonds of the same or different atoms through weak van der Waals interaction between layers. 4Hb-TaS,,
which is alternately stacked by superconductor 1H-TaS, and Mott insulator 1T-TaS,, has attracted much attention
because of its unique two-dimensional layered structure, excellent electronic properties and special interlayer charge
transfer. At present, there is little research on how to regulate this special interlayer charge transfer, which makes the
electrical properties of 4Hb-TaS, still have a large research space. In this paper, the surface potential difference of
4Hb-TaS, was studied by means of Kelvin probe force microscopy (KPFM), and the cleavage layer on its surface
can be distinguished by combining the surface morphology information. T-H transformation was realized by high
temperature annealing, and 4Hb-Ta, TiS,(x=0.005) was successfully prepared. On this basis, the influence of
different element doping on the surface electrical properties of 4Hb-TaS, was explored. It is found that by doping
different elements, the interlayer charge transfer ability of 4Hb-TaS, can be controlled and the surface potential
difference can be affected. The surface potential difference of 4Hb-TaS, is obviously increased after Ti doping, but
it is decreased after Se doping. In addition, it is found that 4Hb-TaS, is not only stacked alternately in T layer and H
layer, but also has some stacking faults. The controllable regulation of interlayer charge transfer provides help for
the in-depth study of interlayer charge transfer of this system material. At the same time, it also provides new
inspiration for the study of interlayer charge transfer and surface electrical properties of other van der Waals
materials.
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Fig. 1 The structure of TaS, system material and KPFM principle. (a)-(c) Three-dimensional schematic of the crystal structure of 1T,

2H and 4Hb-TaS,. (d) Schematic diagram of detection principle of contact potential difference. (¢) The schematic diagram of
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Fig. 2 KPFM characterization image. (a)-(c) Surface topography and KPFM images of 1T-TaS, and Surface potential diagram corre-

sponding to green dotted arrow. Scale bar: 2 pm. (d)-(f) Surface topography and KPFM images of 4Hb-TaS, and Surface poten-
tial diagram corresponding to green dotted arrow. Scale bar: 4 um. (g)-(j) Surface topography and KPFM images of cleavage

layer in 4Hb-TaS, and the height profile corresponding to dotted arrow. Scale bar: 1 um
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Fig. 3 Annealing transformation and KPFM characterization. (a) Schematic diagram of annealing transformation in 4Hb-Ta,.

J1,S,(x=0.005). (b)-(g) Surface topography and KPFM images of 1T-Ta,,Ti,S,(x=0.005) and 4Hb-Ta, Ti,S,(x=0.005) respec-
tively and the potential profile corresponding to dotted arrow. Scale bar: 1 um. (h)-(m) Surface topography and KPFM images

of cleavage layer in 4Hb-Ta,, Ti,S,(x=0.005) and the height profile corresponding to dotted arrow. Scale bar: 1 um
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Fig. 4 Effect of doping with different elements on the electrical properties of 4Hb-TaS,. (a)-(c) Surface topography and KPFM im-

ages of 4Hb-TaS, and Surface potential diagram corresponding to green dotted arrow. (d)-(i) Surface topography and KPFM
images of 4Hb-Ta TiS,(x=0.005) and 4Hb-TaS,,Se (x=0.7) respectively and Surface potential diagram corresponding to
green dotted arrow. Scale bar: 2 um
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