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Supplementary Fig. 1 Hall resistance as a function of the magnetic field at various temperatures of the d = 0 sample.
The Hall resistance of the LAO/STO interface shows a linear hall effect at the entire measurement temperature, indicating that the conducting carriers are single carriers.
[image: ]
Supplementary Fig. 2 AHE of the d = 2 sample. a Hall resistance as a function of the magnetic field at various temperatures. b The field-dependent Hall coefficient dRxy/dH. c Anomalous Hall resistance as a function of the magnetic fields at various temperatures.
Fig. 2a illustrates the Hall resistance of d = 2 sample. By taking the derivation of Rxy with the magnetic field H (Fig. 2b), it can be observed that the Rxy is nonlinear at low field and becomes linear as the magnetic field increases, that is AHE. The AHE disappears at 150 K. According to equation (1) in the manuscript, the relationship between the RxyAHE and H below 100 K have obtained, as shown in Fig. 2c. The RxyAHE increases and then saturates as the magnetic field increasing. With the temperature increasing, the RsatAHE increases to a maximum value (1.67 Ω at 50 K) and then decreases.
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Supplementary Fig. 3 The carrier density as a function of temperature for the d = 0, 1 and 2 samples.
[bookmark: _Hlk111657396]The carrier density of the interface with different d are obtained according to Hall effect, as demonstrated in Fig. 3. The carrier density at the LAO/STO interface is 1.31016 cm-2, and the insertion of SRO reduces the carrier density of the interface to 7.51014 cm-2 when d = 2.
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Supplementary Fig. 4 The magnetic field dependence of MR at different temperatures for the d = 0 sample.
The MR of the d = 0 sample is shown in Fig. 4. The MR is 16.3% at 2 K and 7 T and decreases to 0.5% (100 K) with increasing temperature, and does not exhibit a large MR. 
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Supplementary Fig. 5 The magnetic field dependence of MR for the d = 2 sample at 2 K and the fitting result by Eq. (S1).
Due to inhomogeneity, the mixture of Hall resistance component and the longitudinal resistivity Rxx is expressed as

            (S1)
The dRxy/dH×|H| curve calculated by the Rxy curve agrees with the measured MR in the interface. This represents that the inhomogeneity is not neglected as the origin of linear positive MR in our samples. Therefore, we consider that the inhomogeneity may be also a contribution to the large linear MR on the premise of reaching the quantum limit.
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Supplementary Fig. 6 Spin relaxation time vs. relaxation time, showing the consistency with the Elliott-Yafet mechanism.
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Supplementary Fig. 7 Transport properties of SRO/STO. a Temperature dependence of the resistance of SRO samples on STO substrate. The Rxy-H (b) and Rxx-H (c) curves at 6 K.
We prepared SRO film (13 nm) on STO substrate and measured the relationship between film resistance and temperature, Hall resistance and MR at 6 K, shown in Fig. S7. It can be seen that the SRO film behaves a paramagnetic-ferromagnetic phase transition at 134.7 K. At 6 K, the Hall resistance exhibits an AHE and the MR also exhibits a negative value with a butterfly-shaped hysteresis curve.
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