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Fig. 1. Lattice structure of FeSe and its topographic ima-
gest: (a) Lattice structure of FeSe; (b) STM topographic
image of FeSe thin film, the maze-like patterns are the
nematic domain walls; (¢) topographic image near nematic

domain wall; (d) short-range stripes near defects.
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Fig. 2. Stripes and quasiparticle interferencel*”: (a) STM topographic image of two impurities; (b)—(p) dI/dV maps under different

energies, in which energy independent stripes and energy dependent quasiparticle interference patterns are observed.
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Fig. 3. Temperature evolution of nematicity and short-range stripe phasel*: (a)—(d) Temperature evolution of nematic domain

walls; (e)—(h) temperature evolution of short-range stripes; (i) phase diagram of nematic phase and short-range stripe phase.
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P 25 e £ 1 7R IR

Fig. 4. Interaction between defects and short-range stri-
pesl: (a), (b) The off-axis impurity state with the appear-
ance of short-range stripes; (¢) impurity state at 77 K, the
off-axis effect is absent due to the lack of short-range stripes;
(d) schematic of the off-axis impurities.
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Fig. 5. Long-range stripe phase in 2 unit-cell (UC) FeSel*!: (a) Long-range stripe phase in a d//dV map; (b) topographic image of

long-range stripes in a single domain and the corresponding Fourier transformation result; (c) energy dependence analysis to the

periodicity of stripes.
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Fig. 6. Thickness dependence of long-range stripe phasel*!l: (a) STM topographic image on a step edge between 1 UC and 2 UC
FeSe and the corresponding dI/dV spectra; (b)—(d) dI/dV maps taken on this step edge with different energies; (e¢) STM topograph-
ic image on a step edge between 1 UC and 2 UC FeSe and the corresponding dI/d V spectra. (f)—(h) dI/dV maps taken on this step

edge with different energies.
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ent thicknessi!.
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Fig. 8. Suppression of stripe phase by surface Rb doping!*!: (a)—(e) STM topographic images taken on 2 UC FeSe at different dop-

ing concentrations; (f) the stripe area ratio at different doping concentrations.
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Fig. 9. Superconducting phase in 2 UC and 3 UC FeSe induced by Rb surface doping!"!: (a), (b) The averaged dI/dV spectra in
“good superconducting” and “bad superconducting group” of 2 UC FeSe at different doping concentrations; (c), (d) the averaged
dI/dV spectra in “good superconducting” and “bad superconducting group” of 3 UC FeSe at different doping concentrations;
(e) the evolution of good superconducting ratio at different doping concentrations; (f) the averaged dI/dV spectra extracted from
(a) and (c) at the doping concentrations with optimal homogeneity; (g) dependence of the averaged superconducting gap size on

doping concentration.
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Fig. 11. Comparison between stripes and band structurel*l: (a) The Fourier transformation result of stripes. (b)—(f) Band structures

near M point with different film thickness. The band structures are extracted from ARPES data.
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SPECIAL TOPIC—Novel properties of low-dimensional materials

Stripe phase in high- T, superconductor FeSe/SrTiO;"
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Abstract

The enhancement of superconductivity in one unit-cell FeSe grown on SrTiO; is an important discovery in
high-temperature superconductivity. In this system, the crucial role of the SrTiO; substrate has been
extensively studied. Its contribution mainly manifests in two aspects: charge transfer and interfacial electron-
phonon coupling. However, study of the intrinsic properties of the FeSe thin film itself is still insufficient. In this
article, we review the latest research progress of the mechanism of the enhancement of superconductivity in
FeSe/SrTi0Os, covering the newly discovered stripe phase and its relationship with superconductivity. By using
scanning tunneling microscope and molecular beam epitaxy growth method, we find that the electrons in FeSe
thin film tend to form stripe patterns, and show a thickness-dependent evolution of short-range to long-range
stripe phase. The stripe phase, a kind of electronic liquid crystal state (smectic), originates from the enhanced
electronic correlation in FeSe thin film. Surface doping can weaken the electronic correlation and gradually
suppress the stripe phase, which can induce superconductivity as well. More importantly, the remaining smectic
fluctuation provides an additional enhancement to the superconductivity in FeSe film. Our results not only
deepen the understanding of the interfacial superconductivity, but also reveal the intrinsic uniqueness of the

FeSe films, which further refines the mechanism of superconductivity enhancement in FeSe/SrTiO;.

Keywords: stripe phase, superconductivity enhancement, electronic liquid crystal state, scanning tunneling

microscopy
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