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S1. Angular dependence of second-harmonic longitudinal magnetoresistance

The simultaneously measured second-harmonic longitudinal magnetoresistance (Rxx2ω) and nonlinear planar Hall effect (Rxy2ω) as a function of angle φ are shown in Fig. S1, where φ denotes the angle between directions of an applied AC current I//[001] of 1 mA and an applied in-plane magnetic field H of 4 T. This result was obtained at 130 K because the Rxx2ω is much noisier than Rxy2ω at relative high temperature probably due to the large background first-harmonic component of magnetoresistance. A comparison of the angular dependences of Rxx2ω(Rxy2ω) exhibits sine(cosine)φ shape with a 90o angle offset as in the cases for the previous studies in Ref. [27-28]. Since the above dependence may also be ascribed to the Nernst effect, we convert the measured resistance to resistivity for a further comparison. The ratio ρxy2ω/ρxx2ω = (Rxy2ω/Rxx2ω)(L/W) = 1.43, (L = 50 μm denotes the length between two adjacent voltage paths, and W = 10 μm denotes the width of current path), deviates from the isotropic contribution of longitudinal and transverse resistivity (ρxy2ω/ρxx2ω = 1) from the Nernst effect.

Fig. S1 Second-harmonic longitudinal magnetoresistance (Rxx2ω) and nonlinear planar Hall effect (Rxy2ω) as a function of angle φ.









S2. NHE results for charge current flows along SrIrO3[1-10] and [001] directions at 130 K

The NHE measurements for current I//[1-10] were performed at low temperature of 130 K as a function of H, because the acquired Vxy2ω signal is too noisy to extract the cosine component within the sensitivity of our measurement at 290 K. The extracted amplitudes ΔRxy2ω as a function of φ for varied H under a fixed I of 0.8 mA shown in Fig. S2(a). The ΔRxy2ω enhanced while H increasing from 3 to 5 T, and were plotted in Fig. S2(c). As stressed in our main text, the NHE results reflect the spin-momentum locking induced nonlinear spin currents orthogonal to the applied currents in the film plane. Thus the observation of NHE for I//[1-10] indicates a presence of nontrivial spin textures along SrIrO3[001]. Correspondingly, we also measured the NHE signals of I//[001] at 130 K. The obtained ΔRxy2ω curves and the extracted amplitudes are shown in Fig. S2(b) and S2(c), respectively. As shown in Fig. S2(c), the slope of ΔRxy2ω against H for SrIrO3[1-10] is about twofold than that for SrIrO3[001]. The NHE coefficient Δρxy2ω/(ExH) at 130 K was estimated to be 0.111 mΩ·μm2·V-1·T-1 and 0.274 mΩ·μm2·V-1·T-1 for SrIrO3[001] and SrIrO3[1-10], respectively. For an appropriate comparison between the NHE and SOT results at 290 K, the value of Δρxy2ω/(ExH) for SrIrO3[001] at 290 K was calculated by assuming the constant ratio of Δρxy2ω/(ExH) between the [001] and [1-10] directions when temperature changed from 130 K to 290 K. The results as described in the main texture and shown in Fig. 4(c).

Fig. S2 a-b ΔRxy2ω as a function of φ with various H under a fixed I of 0.8 mA along [1-10] and [001] directions, respectively. c ΔRxy2ω for the SrIrO3[001] (red opened circles) and SrIrO3[1-10] (blue opened squares) directions at 130 K.

S3. SOT results for charge current flows along SrIrO3[1-10] direction

The typical angular-dependent second harmonic Hall voltage Vxy2ω for I//[1-10] was shown in Fig. S3(a). Using the Eqs.(1)-(3), the experimental data were well reproduced by considering both dampinglike and fieldlike contributions. Accordingly, the dampinglike voltage VDL and fieldlike voltage VFL were plotted as a function of 1/(H + HK) and 1/H by varying the magnitudes of I and H, as shown in Fig. S3(b) and S3(c), respectively. The dampinglike and fieldlike effective fields, HDL and HFL, then were obtained from the slope of the linear fits and excluded the currents induced Oersted field, which plotted against current density J in SrIrO3 in Fig. S3(d). The values of HDL/J and HFL/J were determined to be -18.9±0.7 Oe/(1011 A/m2) and -27.5±0.2 Oe/(1011 A/m2).
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Fig. S3 a The typical angular dependent second harmonic Hall voltage Vxy2ω and the fitted curves of the dampinglike and fieldlike components. b-c The dependence of extracted dampinglike voltage VDL and fieldlike voltage VFL for I varied from 1.5 to 4.5 mA on 1/(H + Hk) and 1/H, respectively. d The effective dampinglike and fieldlike fields, HDL and HFL, as a function of the SrIrO3 layer current density J.
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