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1. Structure and surface morphology of the heterostructure 

 

Fig. S1 (a) Atomic force microscope image of the surface of the (LNO)10/(SIO)2 

heterostructure; (b) -2 X-ray diffraction pattern of the (LNO)10/(SIO)10 

heterostructure; and (c) RHEED oscillations recorded in situ during the deposition of 

the (LNO)10/(SIO)2 heterostructure. 

Fig. S1 (a) shows a clear step-terrace surface of the (LNO)10/(SIO)2 heterostructure. 

Fig. S1 (b) shows the XRD pattern of the (LNO)10/(SIO)10 heterostructure. Diffraction 

peaks from LNO and SIO observed indicate the high crystallization quality. Clear 

RHEED oscillations recorded during the deposition of the (LNO)10/(SIO)2 

heterostructure, as shown in Fig. S1 (c), indicate the layer-by-layer growth of the 

sample.  
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2. Schematic diagrams of electrode connection for electrical measurements 

 

Fig. S2 Schematic diagrams of electrode connection for (a) sheet resistance and 

magnetoresistance measurements, and (b) hall transport measurements. 

 

3. Transport characteristics of LNO and SIO single layer films 

 

Fig. S3 Temperature-dependent sheet resistances of (a) SIO, (b) LNO single layer 

films as functions of film thickness. 
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4. MR curves of LNO and SIO single layer films 

 

Fig. S4 Magnetoresistance of (a) 10 u.c. LNO and (b) 10 u.c. SIO films at different 

temperatures. 

As observed, MR of 10 u.c. LNO films are positive above 10 K, as expected for a 

paramagnetic metal. The negative MR of LNO below 10 K is probably due to random 

scattering by defects, as often observed in LNO thin films.1 However, since no M-I 

transition is observed in 10 u.c. LNO films and the negative MR is very small, this 

random scattering is considered weak enough in LNO films and also in 

(LNO)10/(SIO)2 heterostructures. MR of the 10 u.c. SIO films, as shown in Fig. S4 (b), 

is small. And MR values at high field are positive at all temperatures measured, in 

agreement with previous reports.2 The MR of SIO should not affect the interpretation 

of MR data of the heterostructures. 
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5. Temperature-dependent magnetization of LNO and SIO single layer films 

 

Fig. S5 Temperature-dependent magnetization of (a) 2 u.c. thick SIO film and (b) 10 

u.c. thick LNO film, measured with 1000 Oe after cooling with and without a 2.0 T 

magnetic field applied parallel to the film surface. 

The temperature-dependent magnetization curves shown in Fig. S5 reflects the 

paramagnetic nature of LNO and SIO. The small discrepancy in field cooling and zero 

field cooling curves may be ascribed to oxygen vacancies that are inevitable in 

perovskite oxides.3  
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