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1. Atomically-resolved Ba-O terminated surface 

 

 

Supplementary Fig. 1: a Constant-current STM image of Ba-Y-O terminated surface acquired 

at a sample bias of -200 mV and tunneling current of 60 pA. b The Fourier transform of (a), 

revealing apparently hexagonally arranged peaks. The structure arises from imaging the LDOS 

at the Ba and Cu atoms. Y atoms do not contribute significantly at the used voltage. This leads 

to the particular atomic scale corrugation arrangement. c Average dI/dV spectrum obtained on 

a. The inset displays the negative of the second derivative of differential conductance spectrum 

-d3I/dV3. The peaks are attributed to the SC gap. A representative error bar is given in the 

spectrum. 

 

In our cross-sectional scanning tunneling microscopy study, two types of cleaved 

surface are found. They arise from a cleavage between two different atomic a-plane layers in 

the ideal YBa2Cu3O6.81 (YBCO) structure: One is a Ba-Y-O terminated and the other one is a 

Cu-O terminated surface. Supplementary Fig. 1 shows the STM and STS data acquired on the 

Ba-Y-O-terminated cleavage surface.  In the constant-current STM images (Supplementary 

Fig. 1a) the Ba-Y-O-terminated surface exhibits a stretched hexagonal-like pattern, which is 

more vividly seen in the Fourier transform image (Supplementary Fig. 1b). This pattern in the 

STM images arise from the imaging of the local density of states (LDOS) localized primarily 
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at the Ba and Cu atom position, since the LDOS contribution of Y is negligible at the used 

tunneling voltage21. Supplementary Fig. 1c illustrates the average tunneling spectra on Ba-Y-O 

surface. The inset of Supplementary Fig. 1c shows the negative of the second derivative of 

tunneling spectra -d3I/dV3, revealing two peaks that coincide with superconductive (SC) 

coherence peaks. This observation indicates that Cooper pairs on Cu-O layers tunnel through 

the Ba-Y-O layers. 

The observation of a SC gap with coherence peaks on the Ba-Y-O terminated surface 

implies that electrons are able to tunnel from one to the next layer in YBCO. Due to the 

insulating properties of the top Ba-Y-O surface layer, the surface layer has a wider gap than the 

underlying superconductive Cu-O layer. Thus, one can anticipate that the electrons tunnel from 

the Cu-O layer through the Ba-Y-O layer into the tip or vice versa. As a result, the underlying 

single particle density of states is probed, just the effective tip-sample distance is increased by 

the interlayer separation of 0.19 nm. The possibility of tunneling also suggests that Cooper pairs 

are able to cross-insulating layers, as the separation between CuO chain/plane layers is only 

about 0.4 nm. 
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2. The absence of CO in the SC region 

 

 

Supplementary Fig. 2: a Differential conductance map (V = -50 mV) and b corresponding 

Fourier image of the differential conductance map of the SC region shown in Fig. 2a. No 

indication of charge order is present in the SC region. 
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3. The imaging of CO phase boundary 
 

 

Supplementary Fig. 3: Differential conductance map of a different location at a CO phase 

boundary taken at +50 mV (200 pA). The appearance of the boundary is comparable to that of 

Fig. 4a, albeit the conductivity map is noisier at the lower tunneling voltage used here. 
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4. The dI/dV spectra on Cu-O terminated surface 

 

Supplementary Fig. 4: The dI/dV spectra acquired on chain (blue) and plane layers (yellow) 

compared to the dark region in between (red). The spectra were normalized to constant tip-

sample separation due to the height difference of 0.4 Å between and on top of the atomic rows, 

assuming a typical decay constant of 1 Å-1. 

 

Supplementary Fig. 4 shows the spectroscopic data in the dark region between the CuO/CuO2 

layers (red line). In order to compare it with the spectroscopy on top of the CuO/CuO2 layers, 

we need to take into account that the tip approaches the surface in the dark region. Using the 

height difference between the dark region and the atomic rows and a typical decay constant of 

the DOS of 1 Å-1 we normalized the spectroscopy in first approximation to identical tip-sample 

separation. The result is given in Supplementary Fig. 4. The conductance (and thus DOS) in the 

dark region is considerably lower than on top of CuO/CuO2 layers. The overall shape is very 

similar. This suggests that the LDOS localized at CuO/CuO2 layers decays along the c direction, 

but with significant overlap between adjacent CuO/CuO2 layers. 


