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Supplementary Figure S1: (a) Cross-section TEM of a 10 nm GMO/STO (001) film. Sharp 

substrate-film interface (indicated by dashed line) can be seen. The corresponding electron 

diffraction patterns of the film (b) and the substrate (c) show well aligned diffraction spots, 

confirming the epitaxial growth of the GMO thin film on STO.  

 

  



 

 

 

Supplementary Figure S2: Magnetization as a function of temperature (a) and magnetic field 

(b) for the 10 nm thick film. The magnetic properties of the film with t =10 nm are quite 

similar to that of the film with t =110 nm (shown in Fig. 4 in the main text), including the 

abrupt increase in M(T) curves and the hysteresis in M(H) curves. Quantitatively, the film 

with t =10 nm has a slightly higher onset temperature of the abrupt increase (~41 K), but a 

smaller coercive field (0.6 kOe) than the film with t =110 nm.  



 

 

Supplementary Figure S3: XPS spectra for the film with t= 110 nm, on which all the 

measurements were performed. The circles are the experimental data, and the curves are 

fitting curves. Only Mn3+ was detected in the film, which is the same as the case in bulk 

GdMnO3 crystals.  

 


