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[image: ]Supplementary Figure 1 | Characterization of atomically-thin Bi-2201 flakes. a, Optical image of few-layer Bi-2201 flakes exfoliated on a silicon substrate with 285 nm SiO2. Scale bar: . b, AFM topograph of the area marked by the black square in a. Scale bar: . c, Schematic atomic structure of monolayer Bi-2201. A monolayer refers to a half unit cell in the out-of-plan direction, which contains a single CuO2 plane. d, Cross-sectional profiles of the optical contrast and AFM height at the same location (along the red line in a and blue line in b). The two profiles agree well with each other, and the two steps in the profiles reflect the step edges of monolayer terraces.
















[bookmark: OLE_LINK41][bookmark: OLE_LINK39][bookmark: OLE_LINK40][image: ]Supplementary Figure 2 | Mapping the pseudogap in monolayer Bi-2201. a, STM topograph of optimally-doped monolayer Bi-2201. The image was obtained at a sample bias  and a tunnelling current . b, Pseudogap map  acquired on the same area shown in a. The map was extracted from differential conductance () spectra taken on a  grid. The spectra were taken at a tunnelling setpoint of , , with a modulation voltage of . The average value of the pseudogap is . c, Spatially-averaged  spectra sorted by size of the pseudogap. The curves are colour-coded to match the colour of the area in b, over which the spatial average is performed. d, Spatially-averaged  spectra obtained on monolayer (“1L”), bilayer (“2L”), and bulk Bi-2201. All spectra were taken at a tunnelling setpoint of , , with a modulation voltage of . Dashed lines at  mark the edges of the pseudogap. Curves are offset for clarity, with horizontal bars indicating the zero level of each spectrum.
[image: ]Supplementary Figure 3 | Temperature-dependent pseudogap and superconducting gap in monolayer Bi-2201. a, Temperature-dependent spatially-averaged  spectra of optimally-doped monolayer Bi-2201, showing a smooth transition from the superconducting state to the pseudogap state. Dashed lines represent the edges of the pseudogap. b, The same  spectra in a, normalized to the spectrum at . Dashed lines represent the edges of the superconducting gap at . All spectra were taken at a tunnelling setpoint of , , with a modulation voltage of .





















[image: ]Supplementary Figure 4 | Quasiparticle interference (QPI) analysis with contaminant-mask method. a, STM topograph of optimally-doped monolayer Bi-2201. The image was obtained at a sample bias  and a tunnelling current . b, Differential conductance map  of the same area in a. Contaminants are visible on the surface in a (bright spots in black rectangles in a). These contaminants may damage the tip during subsequent spectroscopy measurements. To avoid tip damage, we have developed an STS measurement technique, referred to as “contaminant-mask” method, which masks the contaminants during spectroscopic mapping. To start with, we first survey the surface to locate all the contaminants. We then design a mask  as indicated by the black rectangles. A program was implemented to move the tip around the mask area during STS measurement, yielding a conductance map  with the values within the mask set to zero. To mitigate artefacts introduced by such a mask, we added a mask map  to , where  is the map

Gaussian blurred with a radius of  ~ 3 pixels. Here  is the spatial average of  outside of the mask area. The resulting conductance map  is used for subsequent spectral analyses. c, Differential conductance ratio map  of the same area in a. d, Fourier transform of , showing the  trajectory (red dashed arc). The atomic-lattice Bragg peaks are circled in black. e, The same differential conductance ratio map in c, with additional, randomly-chosen masks (pink dashed rectangles). f, Fourier transform of the conductance ratio map in e. The close agreement between d and f verifies that the contaminant mask method does not distort the QPI analysis results.

































[bookmark: OLE_LINK116][image: ]Supplementary Figure 5 | Energy-dependent quasiparticle interference in monolayer Bi-2201. a-f, Energy-dependent conductance ratio map  of optimally-doped monolayer Bi-2201. Data were acquired on a  area at a tunnelling setpoint of , , with a modulation voltage of .  (red arrows) exhibits dispersion within the superconducting gap (a-d), and disappears beyond the energy (e-f). The atomic-lattice Bragg peaks are circled in black.


















[image: ]Supplementary Figure 6 | Mapping the Fermi surface of monolayer Bi-2201. a, QPI signal of optimally-doped monolayer Bi-2201, from which the Fermi surface is obtained using a method described in ref. 1. b, Radial dependence of the Fourier intensity as a function of , the distance from the wavevector  (red dot in a). Data points are obtained by averaging 50 Fourier intensity line profiles along the radial directions away from  with the azimuthal angle 𝜃 evenly spaced over the range from  to  (indicated by the dashed sector in a; the range is chosen so as to avoid other QPI wavevector signals than ). Dashed lines are third-order polynomial fits to the background over the ranges  and . The red, green, and blue open circles represent data from under-doped (UD), optimally-doped (OP), and over-doped (OD) monolayer Bi-2201, respectively. c, Fourier intensity line profiles in b with the fitted background subtracted. The radial position of the  wavevector is obtained by Gaussian fit of the peaks (solid lines), which is then used to construct the Fermi surface of monolayer Bi-2201 using the octet model1.






















[image: ]
[bookmark: OLE_LINK44][bookmark: OLE_LINK45]Supplementary Figure 7 | Quasi-particle interference and the evolution of the Fermi surface in monolayer Bi-2201. a-c, Integrated Fourier transform of conductance ratio maps  acquired in monolayer Bi-2201 at various doping levels. Red dashed lines trace the  trajectories. The optimally-doped monolayer (marked “OP”) in a was exfoliated from optimally-doped Bi2Sr1.6La0.4CuO6+δ bulk crystal. The underdoped monolayer (marked “UD”) in b was obtained by annealing the OP monolayer in vacuum. The overdoped monolayer (marked “OD”) in c was exfoliated from overdoped Bi1.8Pb0.4Sr0.8CuO6+δ bulk crystal with . The momenta  and  are expressed in units of , where  is the lattice constant. d, Doping-dependent Fermi surface of monolayer Bi-2201 determined from the  trajectories2,3 shown in a-c.

[bookmark: OLE_LINK47][bookmark: OLE_LINK48][image: ]Supplementary Figure 8 | Doping dependence of filtered  map. To suppress unwanted contributions from other Bogoliubov quasiparticle scattering wavevectors and to enhance the  trajectory, a radial filter as described in ref. 3 is applied to the Fourier-transform of integrated conductance ratio map, . The panels display the filtered  maps of under-doped (UD, a), optimally-doped (OP, b), and over-doped (OD, c) monolayer Bi-2201. The transition from four short Fermi arcs to a complete hole pocket is evident in the filtered  maps.




























[image: ]Supplementary Figure 9 | The charge ordered state in monolayer Bi-2201. a, Differential conductance map  at  showing the checkerboard pattern of the charge order. b, Fourier transform of the differential conductance map in a. The lattice Bragg wavevector and charge order wavevector are marked by black and red arrows, respectively. c, Fourier intensity plotted as a function of sample bias and wavevector along the reciprocal lattice vector  (black arrow in b). The charge order wavevector is located at  along the  direction, and is static as a function of energy (red arrow). 






























[image: ]Supplementary Figure 10 | Measuring the diffusion barrier of the interstitial oxygen in monolayer Bi-2201. a, Sample conductance G (blue) and annealing temperature (red) during the vacuum annealing process plotted as a function of time. As the annealing temperature increases, the rate of conductance drop also increases. The dashed lines are line fits to conductance drop at fixed temperatures. b, Logarithm of the conductance plotted against inverse temperature. According to Fick's law of atomic diffusion, we have , where  is the diffusion barrier,  is diffusion coefficient, and  is the difference of oxygen concentration between sample and environment. A diffusion barrier of  is obtained from the line fit of the data points.













[image: ]Supplementary Figure 11 | Thickness-dependent  of optimally-doped Bi-2201. a, Temperature-dependent sample resistance , normalized to its value at , for optimally-doped Bi-2201 with varying thicknesses. b, First-order derivative of the  curves in a. The superconducting transition temperature is determined from the peaks in . The vertical bars denote the peak positions of the curves, which we assigned as .























[image: ]Supplementary Figure 12 | Thickness-dependent  of optimally-doped Bi-2201 determined by various methods. a, Temperature-dependent sample resistance  fitted by the Aslamasov-Larkin paraconductivity model, 4,5. The superconducting transition temperature  is extracted from the fits. Monolayer and bulk data are shown as examples. b, Thickness-dependent  of optimally-doped Bi-2201. c, Normalized  curves of Bi-2201 with varying thicknesses. The normalization factor  is the linear fit of  in the temperature range . The dashed line represents . The temperatures at which the dashed line intersect the curves are defined as . d, Thickness-dependent of optimally-doped Bi-2201. The results in b and d, together with those in Fig. 2d, indicate that the dimensionality effect on  is consistent regardless of the method used to determine .

[bookmark: _Hlk179505976][image: ]Supplementary Figure 13 | Effect of vacuum/ozone annealing on the optimal . We measured the  of monolayer Bi-2201 as its doping level was repeatedly tuned back and forth within a range encompassing optimal doping. The  values obtained during the vacuum annealing process are indicated by “” symbols. Colored circles represent the optimal  of other samples with various thicknesses for comparison. Although vacuum/ozone annealing cycles reduce the optimal  of the monolayer Bi-2201, the magnitude of this reduction is significantly smaller than the  drop caused by dimensionality effects.
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[image: ]Supplementary Figure 14 | Finite-size scaling analysis of monolayer sample B across different temperature windows. a-d and i-l, Sheet resistivity isotherms as a function of doping level in the temperature windows , , , , , , , and . e-h and m-p, Finite-size scaling analysis of the corresponding data sets from a-d and i-l, respectively. All data sets collapse onto single curves when the sheet resistivity is plotted as a function of , where . The critical exponent  values obtained from this scaling analysis are presented in Fig. 4b.











































[image: ]Supplementary Figure 15 | Layer dependence of CDW correlation in Bi-2201. a, b, Differential conductance maps  of monolayer and bulk Bi-2201, respectively. c, d, Fourier transforms of the differential conductance maps shown in a and b. e, f, Spatial maps of the CDW amplitude at wavevector  for optimally doped monolayer (1L; panel a) and bulk (panel b) Bi-2201. The CDW amplitude  is extracted from the differential conductance maps  using the Fourier-filtering method described in ref. 6. g, Radially averaged CDW correlation function  for optimal doped monolayer (1L), bilayer (2L), and bulk Bi-2201. Solid lines denote fits to an exponential decay; fitting is performed for distances larger than the Fourier filter size . h, CDW correlation length  for 1L, 2L, and bulk samples, extracted by fitting . 
[image: ]Supplementary Figure 16 | Cluster and correlation analysis of underdoped monolayer Bi-2201. a, Differential conductance map  at . b, Ising field map , defined as  if the modulation amplitude at  exceeds that at  (i.e. ), and  otherwise. The modulation amplitude maps  and  are extracted using the Fourier-filtering method described in ref. 6. c, Log-log plots of the cluster-size distribution and cluster perimeter versus cluster area after logarithm binning. Linear fits yield a cluster size exponent  and fractal dimension ratio , consistent with values reported for bulk samples. d, Spin-spin correlation function  and pair-connectivity correlation function . Solid lines represent fits to a power law with an exponential cut-off, , following the procedure described in ref. 7. While  does not exhibit power-law behaviour,  is well described by a power law, yielding , consistent with bulk Bi-2201 results8. Fits are performed for distances larger than the Fourier filter size .


[image: ]Supplementary Figure 17 | Power-law divergence of the critical exponent  under different choices of temperature windows. a-c, Three representative choices of temperature windows used in the scaling analysis, along with the corresponding  values obtained for each window. d, Doping dependence of the critical exponent  extracted from the three window choices shown in a–c. All data sets follow the activated scaling relation . The fitted  values are 0.54, 0.57, and 0.60, and the corresponding  values are 0.4665, 0.4672, and 0.4665, respectively. The horizontal dashed line at  marks the value associated with the superconductor–insulator transition (SIT) obtained in the same device at higher temperatures.


















[bookmark: _Hlk155382759][image: ]Supplementary Figure 18 | Determination of  and . Temperature-dependent sheet resistivity measured at various doping levels for Sample B.  is defined as the temperature at which the linear extrapolations of the sheet resistivity above and below the onset of superconductivity intersect. The linear extrapolations are shown as dashed lines. , indicated by solid triangles, is defined as the turning points at low temperatures that separate regions where  and .















[image: ]Supplementary Figure 19 | Phase diagram of monolayer Bi-2201 based on  as a function of temperature and doping level. The superconducting and insulating phases are separated by the separatrix . The superconductivity onset , the zero-resistance superconducting transition , and the onset of the anomalous metal phase  are also displayed. These curves align closely with the corresponding features in the plot.
















[image: ]Supplementary Figure 20 | Representative  characteristics of monolayer Bi-2201 and threshold currents at base temperature. a,  characteristics at a doping level of . Deviations from linearity appears at a threshold current of , above which current-induced heating becomes significant. Subsequent temperature-dependent resistance measurements at this doping level were performed using an excitation current of , well below the heating threshold. b,  characteristics at . The onset of heating effect occurs at a threshold current of . Subsequent temperature-dependent resistance measurements at this doping level were performed using an excitation current of . c,  characteristics at . The threshold current is , and an excitation current of  was used for subsequent temperature-dependent resistance measurements. All measurements shown in Fig. 5a and 5b were performed using sufficiently low excitation currents to ensure that the resistance remained within the linear regime of the  characteristics.

[image: ]Supplementary Figure 21 | RF noise filtering in the sub-Kelvin transport measurement setup. a, Schematic diagram of the filtering implementation in the measurement setup. Silver-epoxy filters (SEF) are mounted on the mixing chamber plate of the dilution refrigerator, while the in-line RC filters are used at room temperature. b and c, Photos of the silver-epoxy filter and RC filter, respectively. d, Circuit diagram of the RC filter. e, The attenuation characteristics of the silver-epoxy filter and the RC filter. f, Arrhenius plot of the temperature-dependent sample resistance for a superconducting InOx thin film, with the magnetic field varied from  to  to suppress superconductivity. The thermally-activated behavior of the resistance indicates that RF heating in the system is sufficiently reduced, ensuring accurate electron temperatures down to  (ref. 9).










[image: ]Supplementary Figure 22 | Comparison of low-temperature electronic transport in monolayer Bi-2201 with and without RC filters. a, Arrhenius plot of the sample resistance for monolayer Bi-2201. The red (gray) curves represent data sets acquired with (without) RC filter in the measurement circuit. The filter used is a fifth-order RC filter with a cutoff frequency of . b, Arrhenius plot of the sample resistance measured with RC filters of various cut-off frequencies, compared with data taken without filters. The cut-off frequencies of the filters are indicated in the figure.

[image: ]Supplementary Figure 23 | Superconducting transitions of monolayer and bulk Bi-2201 near optimal doping. Temperature-dependent sample resistance , normalized by its value at , is fitted with the Aslamasov-Larkin paraconductivity model, , where , , and the superconducting transition temperature  are fitting parameters. Both monolayer and bulk Bi-2201 show a pronounced tail deviating from the AL model, indicative of strong superconducting fluctuations near the transition.

















[bookmark: OLE_LINK5][image: ]Supplementary Figure 24 | Superconducting transitions of Bi-2201 fitted with the Halperin−Nelson (HN) formula. a, Temperature-dependent resistivity , normalized to its value at , for Bi-2201 samples of different thicknesses, plotted as a function of reduced temperature on a on logarithmic scale. Solid lines are fits to the HN formula, . b, HN fits to the superconducting transitions of a monolayer Bi-2201 sample at various doping levels. The excellent agreement demonstrates that phase fluctuations dominate across all thicknesses and persists over a wide doping range.























[image: ]
Supplementary Figure 25 | Superconducting transition in a monolayer Bi-2201 and Bi-2212 sample probed by  measurements. a, c,  characteristics of underdoped monolayer Bi-2201 (a) and Bi-2212 (c) measured at various temperatures spanning the superconducting transition, plotted on a logarithmic scale. b, d, Temperature dependence of the exponent , extracted by fitting the linear region of the  curves in a and c to the relation . The BKT temperature of monolayer Bi-2201 and Bi-2212 is determined to be  and , where  crosses 3.
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