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Fig. 1. (a) Schematic diagram of the Kagome lattice struc-
ture; (b) Lattice structure of the AV3Sby (A = K, Rb, Cs),

vanadium atoms constitute the Kagome lattice.
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Fig. 2. (a) Temperature-dependent resistivity at low temperature for CsV3Sb; under various magnetic fields!

4 (b) temperature de-

pendence of the Knight shift for CsV3Sb;[1%; (c) Hebel-Slicheter resonance peak of the spin lattice relaxation rate at low temperaturel!?);
(d) two kinds of superconducting gap spectra observed on the half-Cs surface (left image) and half-Sb surface (right image) for
CsV;Sbs'; (e) Fourier transformation of atomically resolved STM topography for CsV;Sbs, the pink cycle at Qy/3, shows the PDW

phaselt?],
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Fig. 3. (a) Band structure of CsV;Sby calculated by DFT!M; (b) ARPES intensity as a function of wave vector and binding energy
measured along the 'KMP9; (c) Fourier transform of an Sb topographic image, showing 2x2 charge order vector peaks (red shaded
area), and 1x4 vector peaks along @ direction 3l; (d) plot of oyyy versus o, for a variety of materials compared with CsV3Sby and
K,_,V3Sb; spanning various regimes from the localized hopping regime to the skew scattering regimel”; (e) local orbital magnetic
moment distribution and charge distribution of chiral flux phasel?”; (f) Raman spectroscopy for KV;Sbs; two new phonon modes at
25.4 and 27.5 meV are observed below 30 K[*l; (g) angular dependent c-axis resistivity measured at different temperatures under
magnetic fields of 0.4 and 5 T3 .
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Fig. 4. (a) Temperature dependence of in-plane resistivity measured from 300 to 1.8 K for Cs(V;_,Nb,);Sbs1%; (b) phase diagram of

Cs(V,_,Nb,)3Sbs, which illustrates the competition between CDW and superconductivity [%; (c) extracted p’;x

HE taken by subtract-

ing the local linear ordinary Hall background at 5 K/*; (d) the electronic structure of CsV3Sbs and Cs(VgsNbygg7)3Sbs obtained
through first principle calculation!®d; (e) the upper and middle figures show the ARPES intensity maps of CsV3Sb; and

Cs(V.93Nbgo7) 3Sbs along I'KM, while the lower figure shows a comparison of the fitting points/*.
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Fig. 5. (a) Temperature dependence of in-plane resistivity measured from 1.8 K to 300 K for Cs(V, ,Ta,)3Sbs, where the inset shows

dp/dT as a function of temperature near the CDW transition. (b) Zoomed-in views of the p(T) curves near the superconductivity

transition temperatures for Cs(V, ,Ta,)3Sbs. (c) Schematic phase diagrams of Cs(V, ,Ta,)sSbs 8. (d), (e) X-ray scattering intens-

ity of Cs(V; ,Ta,)sSbs with different doping concentrations: the (d) H-cut (left image along [-2.5, 0.5, ~13.5], right image along [-1,
0.5, -15.5]) and (e) L-cut (left image along [-2.5, 0.5, L], right image along [-1, 0.5, L])PP!.
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Fig. 6. (a), (b) Schematic momentum dependence of the SC gap magnitude of the Cs(V(g3Nbjo7)sSbs and Cs(VigsTag14)35bs

samples, respectively; (c) schematic phase diagram in which Tepw and T, are plotted as function of the lattice expansion due to the

chemical substitutions; (d) zero-Field (ZF) uSR time spectra for Cs(V(gsTag 14)35bs below and above Tg; (e) temperature depend-

ence of the zero-field muon spin relaxation rate in the temperature range across 7., which indicates that time-reversal symmetry

breaking in the superconducting state of the Cs(VgsTag14)3Sbs sample with CDW fully suppressed!*7.
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Fig. 7. (a), (b) Fourier transform was performed on the Sb surface electronic states of Cs(Vgg7 Tl 013)35b5 and Cs(Vg5Ti05)35bs,
the former shows the presence of 2x2 CDW states and the latter disappearing’®; (c) the bands of Cs(V, ,Ti,);Sb; by first-
principles calculations®); (d), (e) phase diagrams of Cs(V, ,Ti,)5Sbs for two research groups?>%; (f) spatially-averaged dI/d V spectra
obtained on the Sb surfaces of the CsV;Sby (black curve) and CsVs; ,Ti,Sbs samples (z = 0.03, 0.04, 0.15 and 0.27, corresponding to
blue, green, and dark green curves, respectively), showing a transition from V-shape to U-shape symmetry through Ti substitution!®.
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Fig. 8. (a) Electron doping phase diagram Cs(V,_,Cr,);Sbs"; (b) the extracted anomalous Hall resistivity by subtracting the local
linear ordinary Hall background at 5 K for chromium doping content from z = 0 to z = 0.0954; (c) the electron doping phase dia-

gram CsV; ,Mo,Sb;!*8l,
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Fig. 9. (a) dM/dT-T for CsV3Sbs ,Sn, (¢ < 0.06), show a decrease in CDW transition temperature, and this transition disappears
for higher Sn concentration®; (b) calculation of the band structure of CsV3Sb,Sn where one Sn has been substituted within the
Kagome layer®; (c) calculation of the band structure of CsV3Sb,Sn where one Sn has been substituted at a Sb site outside of the
Kagome layer®; (d)-(f) X-ray scattering intensities for CsV3Sb;_,Sn, samples at 11 K, in which (d) and (e) are the X-ray scatter-
ing intensity in (H, K, 1.5)-plane and (H, 1.5, L)-plane, respectively, for the z = 0.025 sample, while (f) is the X-ray scattering in-
tensities in the (H, K, —0.5)-plane for the z = 0.15 samplel5.
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Fig. 10. (a) Hole-doping phase diagram for CsV3Sbs ,Sn, 9: (b) phase diagram of CsV3Sbs; under high pressurel®; (c) pressure de-
pendence of superconducting transition temperature for CsV3Sb; samples®?; (d) the pressure dependence of the upper critical field
at T = 0 KI%; (e) evolution of energy band structure with hole doping and (f) the position of two van Hove singularities relative to
Fermi level®); (g) temperature dependence of resistivity for CsV3Sby and CsV3(Sbygr7As) g23)5; (h) amplification around the super-

conducting transition; (i) the derivative of resistivity around the CDW transition/>.
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Fig. 11. (a) CDW transition and (b) superconducting transition ternary phase diagram of K,Rb,Cs,VsShs (2 4+ y + z = 1). The

CDW transition temperature Tcpyw data extracted using the peak in the d(MT)/d T data, the superconducting transition temperat-

ure T, data extracted using zero resistivity points from electrical transport data. The (c¢) Tepw and (d) T, of K,Rb,Cs,V3Sbs (2 + y +

2= 1) is compared with the linear interpolation of transition temperature of the parent KV;Sb;, RbV;Sh;, and CsV3Shs®.
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Fig. 12. (a) Band structure of CsV3Sbs, the orbital characters of different bands are represented by different colors; (b) comparison
of the ARPES intensity around the I" point between pristine and Cs-dosed samples™; (c) ARPES intensity as a function of wave
vector and binding energy, measured at 7 = 120 K along the I'KM for pristine sample; (d) the same as (c), but for Cs-dosed
sample; (e) phase diagram of CsV3Sbs with the variation of hole-doping content!™.
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Abstract

Material with Kagome lattice provides an excellent platform for studying electronic correlation effects,
topological states of matter, unconventional superconductivity, and geometric frustration. The recently
discovered Kagome superconductors AV;Shs (A = K, Rb, Cs) have attracted widespread attention in the field
of condensed matter physics, and many efforts have been made to elucidate their novel physical properties, such
as charge density wave, unconventional superconductivity, and band topology. Meanwhile, many groups have
effectively tuned these novel properties through chemical doping, offering a good opportunity for further
understanding the materials of this system. In this paper, we comprehensively review the latest research
progress of the doping effect of this rapidly developed AV3;Sby system, with the objective of further promoting
the in-depth research into Kagome superconductor. Specifically, we review the chemical doping in CsV3Sby with
elements such as Nb, Ta, Ti, and Sn, and the surface doping with elements Cs or O as well, and describe their
influences on the novel quantum properties, especially superconductivity, charge density wave, and electronic
band structure of the material. Furthermore, the intricate physical mechanism of doping manipulation is
discussed, in order to provide a basic knowledge for further understanding and studying the rich quantum

effects of the system, such as charge density waves, time reversal symmetry breaking, and superconductivity.
Keywords: Kagome lattice, chemical doping, superconductivity, charge density wave
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