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· Fig. S1. SEM image, EDS pattern, and XRD pattern of a Au6Te12Se8 (ATS) single crystal. 

· Fig. S2. V−I curves of ATS plotted in a log-log scale at various temperatures near Tc. 

· Fig. S3. Electrical resistivity of ATS from 1.8 to 300 K. 
· Fig. S4. Heat capacity of ATS as a function of temperature.
· Fig. S5. The temperature-dependent Raman shift of ATS crystal.
· Fig. S6. Comparison of Raman shifts above (5 K, blue) and below (1.8 K, green) the SC transition temperature (Tc = 2.8 K).
· Fig. S7. STM topography and corresponding dI/dV mappings of ATS obtained at 10.0 K and 4.6 K. 

· Fig. S8. STM topography and corresponding  dI/dV mappings obtained at 4.6 K.

· Fig. S9. The occupied states of ATS crystal obtained at 300 mK in a large energy range.
· Fig. S10. The unoccupied states of ATS crystal obtained at 300 mK in a wide-bias-range.
· Fig. S11: STM topography obtained at 300 mK at the in-gap energy range.
· Fig. S12: Temperature-dependent quantum phase diagram of ATS superatomic metalic crystal.
· Fig. S13: Schematic of dipole formation mechanism and transformation from antipolar charge orders to ferrielectronic-like polar states.
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Fig. S1: SEM image, EDS pattern, and XRD pattern of a Au6Te12Se8 (ATS) single crystal. (a) SEM image of a ATS single crystal. (b) Energy dispersive spectroscopy (EDS) of ATS. The atomic ratio of Au: Te: Se is 21.49: 49.68: 28.84 within the measurement precision (±3 % depending on the elements) as the EDS pattern in fig. S1, consistent with the atomic ratio of the initial stoichiometric Au6Te12Se8. (c) X-ray diffraction (XRD) pattern of ATS single crystal. Only (00l) Bragg peaks show up, demonstrating that the largest surface is ab-plane. The peaks are sharp and well-defined, indicating good crystallized quality of the ATS crystal. 
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Fig. S2 : V−I curves of ATS plotted in a log-log scale at various temperatures near Tc. Dash lines denote the fitting result with V ~ Iη scaling law, the η = 1 (black) and 3 (red) curves, respectively. The V–I curves near the critical current at around Tc, in which the critical Ic increases as the temperature decreases and finally reaches 15 mA at 1.8 K. The exponent, η, from power law V−Iη increases from 1 (ohmic law) to 3 and more with temperature decreasing. The η reaches 3 at TBKT = 2.85 K, which is the signature of the Berezinskii−Kosterlitz−Thouless (BKT) transition.

[image: image3.png]400

| ——AueTe1ZSe8
300 f
g |
o 200 F
=
Q
100 |
0 J | M | M
0 100 200 300

T (K)




Fig. S3 : Electrical resistivity of ATS from 1.8 to 300 K. 
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Fig. S4 : Heat capacity (Cp) of ATS as a function of temperature, in which the red dashed line represents the Dulong–Petit limit. The inset shows Cp/T versus T2, in which the red straight line represents the fit with the formula Cp/T = γ + βT2 for the normal-state data.
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Fig. S5: (a) The temperature-dependent Raman shift of ATS crystal from 80 K to 3.9 K. The left part of the image shows the Raman shift range from 10 cm-1 to 155 cm-1, while the right part (b) shows the range around 180 cm-1. Six main vibration peaks can be identified in (a) and (b). As the temperature decreases, the intensity of these six peaks gradually increases from 80 K. Then, the peak intensity remained unchanged until a sudden increase from 20 K to 10 K. The peak intensity then gradually decreases from 10 K to 3.9 K before the superconducting transition. (c) The temperature-dependent intensity of Raman peaks at 24 cm-1, 53 cm-1, 71cm-1, 111 cm-1, 132 cm-1, 139 cm-1 and 146 cm-1. The purple-shaded area marked the temperature-dependent suppressive effect on Raman intensity below 10 K, the orange-shaded area indicates the enhancement effect on Raman intensity from 20 K to 10 K.
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Fig. S6 : Comparison of Raman shifts above (5 K, blue) and below (1.8 K, green) the SC transition temperature (Tc = 2.8 K). The Raman intensity was greatly suppressed at the SC state.
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Fig. S7: STM topography (up part) and corresponding (bottom part) dI/dV mappings of ATS obtained at 10.0 K and 4.6 K. (a,b) The occupied (a) and unoccupied (b) states of ATS obtained at 10.0 K, in which the characteristics of tc-CDW and antipolar ordering states were clealry resolved at (a) and (b). (c,d) The occupied (c) and unoccupied (d) states of ATS obtained at 4.6 K, in which the characteristics of tc-CDW and antipolar ordering states were apparently suppresed, especially at the occupied state compared to that at 10.0 K. It is noted that the triple-cube-period and antipolar charge order characteristics is more pronounced in the unoccupied states than in the occupied states at 4.6 K, maked by the dashed lines.
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Fig. S8: STM topography (a-d) and corresponding (i-l) dI/dV mappings obtained at 4.6 K. (e-h) and (m-p) are the corresponding Fast Fourier transform (FFT) patterns. The FFT spots (blue and purple circles) of tc-CDW can only be clearly resolved at the unoccupied states with the underlying Bragg spots (green circles) and the marked white lines in topography. The antipolar charge orders are highlighted with the up- and down-triangles in the images of unoccupied states. Compared to those at 10.0 K, the tripe-cube-period characteristics of tc-CDW get blurry in the STM topography, especially at the occupied states, confirmed by the weak FFT patterns. For the dI/dV mappings, the difference between the occupied and unoccupied states is more definite. In the occupied state, the local density of states (LDOS) exhibits an almost uniform chain-like feature along the b-axis. While in the unoccupied state, the LDOS shows clear tc-CDW and antipolar charge order characteristics, highlighted by the white lines and triangles.The preformed tc-CDW and antipolar charge orders are suppressed with the temperature decreasing, especially at the occupied states. 
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Fig. S9: The occupied states of ATS crystal obtained at 300 mK in a large energy range. (a-c) STM topography and corresponding (g-i) dI/dV mappings at the SC state (300 mK, well below Tc=2.8 K). (d-f) and (j-l) are the corresponding Fast Fourier transform (FFT) patterns. Only the tripe-cube-period can be faintly resolved at the occupied states, which is significantly different from those obtained at 10.0 K and 4.6 K. In the dI/dV mappings, the suppression of SC state on the preformed charge orders is more significant, and neither tc-CDW nor antipolar charge order characteristics can be clearly identified even with the eye-guided lines and FFT patterns, indicating that both of them were greatly suppressed and modified by the emergent SC state. 
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Fig. S10: The unoccupied states of ATS crystal obtained at 300 mK in a wide-bias-range. (a-c) STM topography and  (g-i) dI/dV mappings. (d-f) and (j-l) are the corresponding Fast Fourier transform (FFT) patterns. The chain-based tc-CDW and antipolar characteristics are difficult to identify at the unoccupied states both in topography and dI/dV mappings. The characteristics of the triple-cube-period CDW can be reluctantly distinguished in FFT (e), (f) and (k). It is noted that the double-cube-periods appear in the dI/dV mapping of 1.5 V with relative narrow- (left) and wide- (right) chain characteristics (see (i) and (l)). 
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Fig. S11: STM topography obtained at 300 mK at the in-gap energy range. (a-c) The occupied states show up-triangular electronic states with parallel arrangement of UT and DT chains, marked by the blue and green triangules. (d-f) The unoccupied states display triangular electronic states with antiparallel arrangement of UT and DT chains, as marked by the eye-guided lines with up- and down-triangles. The preformed antipolar charge order has been modied to a ferrielectric-like polar charge order by the emergent SC state. 
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Fig. S12: Temperature-dependent quantum phase diagram of ATS superatomic metalic crystal. The tc-CDW state take place at approximately 120 K, and is perserved to the lowest temperature in our measurment. At 80 K, the antipolar charge ordering state emerges from the preformed tc-CDW state. Both tc-CDW and antipolar charge orders are gradually suppressed from 9.9 K and transofrmed to a ferrielectrci-like polar metalic state, due to the Cooper pairing. The superconducting state stark at 2.8 K (Cooper pair coherence), which coexist with the reserved ferrielectric-like unipolar charge order (from the antipoalr order), forming a intriguing charge-polaried superconducting state. 
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Fig. S13: Schematic of dipole formation mechanism and transformation from antipolar charge orders to ferrielectronic-like polar states. (a) Trimerization to electronic antipolarization (left-to-middle): the anti-parallel electronic polarization (spontaneous charge separation) occurs at the left and right chains of the triple-chain superstructure. Antipolarization to ferrielectric-like polarization (middle-to-right): the right polarized chain is unpolarized with asymetric electron distribution but no charge separation, so the combined left (polarized) and right (nonpolarized) chains contribute a novel ferrielectric-like polarization. (b) Schematic for the transformation of antipoar-to-unipolar electronic states in ATS. Tc-CDW to electronic antipolarization (left-to-middle): the electronic antipolarization of left and right superatomic chains along the b-axis is introduced by the preformed tc-CDW in the low-symmetric P1 lattice. Antipolar to ferrielectric-like polar state (middel-to-right): the right polarized superatomic chain is unpolarizaed by the emergent SC ordering state, while the left polarized superatomic is reserved in the SC state.  The exotic charge-polaried supercondcting state emerged from the preformed “tc-CDW + antipolar” ordering states in the metalic superatomic crystal of ATS. 
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