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Figure S1. XRD analysis of hexagonal GeSb2Te4 thin films. All of the detected peaks match well with 

the JCPDS card of hexagonal GeSb2Te4 (red lines). 

 

 

 

Figure S2. HAADF-STEM images of inverted blocks. White arrows indicate the directions of atomic 

blocks. The length of the inverted slabs can vary from one (see a) to several tens of atomic blocks (see b), 

and the size of atomic blocks can also vary from quintuple to hendecuple. These inverted blocks and slabs 

can appear anywhere in the samples, both at the center of each grain (see a) and near the grain boundary 

(see b, the boundary is marked with dash lines). In short, no clear pattern can be found, owing to the very 

small energy costs of the different stacking sequence “abc” versus “acb” inside the atomic blocks.  

 

 



 
Figure S3. HAADF-STEM images and intensity profiles of various atomic blocks. a-c The HAADF 

images and d-f the corresponding intensity profiles of atomic blocks of different size, i.e. quintuple-layer, 

nonuple-layer and hendecuple-layer blocks, which are identified as Sb2Te3, Ge2Sb2Te5 and Ge3Sb2Te6 

blocks, respectively.  

 

 

 
Figure S4. Bi-layer defects under electron beam exposure. The typical data recording time is 1-2 

minutes or less. To verify that there is nothing changed under unfocused electron beams, we exposed the 

bi-layer region under STEM preview model up to 10 minutes, and no obvious structural changes were 

observed. The diameter of focused electron beams done by A. Lotnyk et al. in Ref. [23] in main text is of the 

order of approximately 70 pm, which is not used in standard STEM experiments. 

 



 
Figure S5. A typical large-scale HAADF scan of bi-layer defects. The red arrows indicate the bi-layer 

defects. The planar density is determined to be one bi-layer per ~75 nm
2
 through a few hundreds of such 

HAADF scans. 

 
 

 

Figure S6. Modelling and intermixing disorder analysis of bi-layer defects. a-b Before and after 

relaxation, the atomic models with non-mixed and Sb-Te intermixed bi-layer defects, respectively. Atoms in 

the crossing regions are enlarged. c-d The corresponding fractions of Sb-Te, Sb-Sb and Te-Te bonds in the 



bi-layer regions in both relaxed models are counted.  

 
Figure S7. Localization properties of the Sb-Te intermixed bi-layer model. a The DOS and IPR, and b 

the corresponding lowest unoccupied molecular orbital (LUMO) and LUMO+2 states rendered with the 

isovalue of 0.01 a.u. The localization is mainly found around the bi-layer defects. 

 

 


