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Figure S1. (a) Atomic force microscopy topography (3 μm × 3 μm) of (CRO6/STO1)10 SL on 

LSAT (001) surface. (b) XRR of the (CRO6/STO1)10 SL grown on the (001)-oriented LSAT 

substrate. Good agreements between fitting curves (red) and experimental curves (black) are 

clearly demonstrated. The simulation curve is realized by the commercial software of 

DIFFRAC
plus

 LEPTOS 7. The deduced thickness of CRO and STO layers is consistent with 

the targeted structure. 
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Figure S2. (a) Enlarged HAADF image of the a (CRO8/STO1)10 SL on LSAT. The interfaces 

between CRO and STO layers are marked by blue and orange horizontal lines. The EELS 

elemental characterizations are performed along the green line. (b) Spatial dependence of the 

cation HAADF intensity along the vertical direction, and the corresponding Ti L2,3 and Ca L2,3 

edge intensities. The blue and orange horizontal lines in the figure correspond to the lines in 

(a). 

Figure S2 shows the enlarged HAADF image of the CRO/STO interface and corresponding 

line profiles of the HAADF and EELS intensities, obtained along the vertical direction 

marked in the image. Identical HAADF intensity is observed for all Ru-sites across the CRO 

layer, including the Ru-site neighboring STO (Figure S2(b)). This excludes the atomic 

diffusion between Ru- and Ti-sites at interface. Meanwhile, the EELS result of the Ti-L2,3 

edge also shows that Ti is strictly localized within the one u.c. STO monolayer (Figure S2(b)), 

i.e., the atomic diffusion from the Ti- to Ru-sites does not occur. Therefore, Ru-Ti intermixing 

is negligibly small. The HAADF intensity is also a constant for all Ca-sites (A sites) across 

the CRO layer, except for the interfacial sites neighboring TiO2 plane. At the interfacial 

A-sites, the HAADF intensity is considerably higher than elsewhere. Combining with the 

Ca-L2,3 edge EELS result, we can get the conclusion that the interfacial A-sites are occupied 

by both Sr and Ca. It should be noticed that, Sr1-xCaxTiO3, the possible insert layer caused by 

such intermixing, is still a nonmagnetic insulator. 
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Figure S3. (a)-(c) Angle dependence of the AMR measured at 2 K and 10 T for the 

(CRO6/STO1)10 SL (a), (CRO8/STO1)10 SL (b) and (CRO10/STO1)10 SL (c) on LSAT substrate. 

The experimental data (black symbols) can be well described by AMR(𝜃) = 𝑐2 × cos⁡(2𝜃 −

𝜔2) + 𝑐4 × cos⁡(4𝜃 − 𝜔4)with two contributions of fourfold (red curve) and twofold (blue 

curve) symmetries, where 𝑐2 and 𝑐4 are the amplitudes of AMR contributions with two-fold 

and four-fold symmetries. Green lines are the results of curve-fitting. Satisfactory agreement 

with experiment results is obtained adopting suitable fitting parameters. (d) In-plane AMR for 

a CRO bare film on LSAT substrate, presenting the twofold symmetry. 
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Figure S4. (a) Temperature dependence of the resistivity of (CROn/STO1)10 SLs grown on 

STO substrates. (b) Magnetic field dependence of the anomalous Hall resistivity of a 

(CRO6/STO1)10 SL grown on STO, measured at the temperature from 2 K to 100 K. (c) 

Magnetic field dependence of anomalous Hall resistivity for the (CROn/STO1)10 SLs on STO, 

measured at 2 K. Insert is the enlarged 𝜌𝑥𝑦
𝐴𝐻𝐸-H curves for the CRO8/STO1 and CRO10/STO1 

SLs. (d) Magnetoresistance as a function of magnetic field for the (CROn/STO1)10 SLs on 

STO, measured at 2 K with the applied field along the out-of-plane direction. The 

corresponding data of a bare CRO film (50 uc in thickness) is also presented for comparison. 
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Figure S5. Enlarged M-T curves for (CROn/STO1)10 SLs on (a) LSAT and (b) STO, measured 

with an out-of-plane field of 0.05 T in field-cooling mode. TC is deduced for each CRO/STO 

SL, using the zero-crossing temperature of the tangent line. 
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Figure S6. (a) The E-M relations calculated with different βRu-O-Ru angles for CRO on LSAT 

and (b) STO substrate. Fitting the E-M relation by 𝐸 =  𝑎0 +
𝑎2

2
𝑀2 +

𝑎4

4
𝑀4, the Stoner 

parameter I then can be deduced from the coefficient 𝑎2 , adopting the relation 

𝑎2=[1/N(EF)-I]/2. The CRO unit cells are constructed using the experimental lattice constants 

and varied tilting angle βRu-O-Ru, adopting the biaxial strain state imposed by the LSAT or STO 

substrate. As local density approximation (LDA) generally underestimates the lattice 

constants of substrates by 1%,
[1]

 the in-plane lattice constants for the Pbnm unit cell on LSAT 

were set to a = b = 5.415 Å (√2aLSAT0.99, where aLSAT= 3.868 Å), the out-of-plane lattice 

constant was set to c = 7.68 Å (2cexp0.99, where cexp= 3.88 Å). The in-plane lattice constants 

for the Pbnm unit cell on STO were set to a = b = 5.467 Å (√2aSTO0.99, where aSTO= 3.905 

Å), the out-of-plane lattice constant was set to c = 7.72 Å (2cexp0.99, where cexp= 3.86 Å). 

And the tilting angle βRu-O-Ru was set to five different values from 165° to 155°. 
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Tables S1. (a) The CRO unit cells are constructed using varied tilting angle βRu-O-Ru, adopting 

the biaxial strain state imposed by the LSAT substrate. Table lists the calculation results of 

N(EF), Stoner criterion and effect moment for each model. 

βRu-O-Ru N(EF) IN(EF) M (μB/f.u.) 
ENM-EFM 

(meV/f.u.) 
Mag 

155 2.33 0.912 - 0.780 PM 

157 2.42 0.950 - 2.215 PM 

160 2.53 1.015 0.461 4.808 FM 

162 2.66 1.122 0.581 8.927 FM 

165 2.72 1.260 0.805  19.258 FM 

 

(b) The CRO unit cells are constructed using varied tilting angle βRu-O-Ru, adopting the biaxial 

strain state imposed by the STO substrate. Table lists the calculation results of N(EF), Stoner 

criterion and effect moment for each model. 

βRu-O-Ru N(EF) IN(EF) M (μB/f.u.)  
ENM-EFM  

(meV/f.u.) 
Mag 

155 2.44 0.941 - 0.780 PM 

157 2.50 0.981 - 2.918 PM 

160 2.60 1.048 0.495  5.528 FM 

162 2.65 1.153 0.686  9.207 FM 

165 2.59 1.268 0.845  20.284 FM 
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