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Fig. S1 Atomic force microscopy images of LSMO films on (a) LSAT, (b) LAO, and

(c) STO substrates.

Fig. S2 Energy dispersive spectroscopy mapping of Ta, La, Sr, Mn, O, and Pt

elements of LSMO/LSAT and Pt/LSMO interfaces.
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Fig. S3 FDMR curve of Pt single layer (3 nm) on STO (Hllz) at 100 K.
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Fig. S4 ADMR curves of Pt(3 nm)/LSMO(20 nm)/LAO in the xy plane.
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Fig. S5 ADMR curves of Pt(3 nm)/LSMO(20 nm)/LAO in the yz plane.
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Fig. S6 ADMR curves of Pt(3 nm)/LSMO(20 nm)/LAO in the xz plane.
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Fig. S7 ADMR curves of Pt(3 nm)/LSMO(20 nm)/STO in the xy plane.
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Fig. S§ ADMR curves of Pt(3 nm)/LSMO(20 nm)/STO in the yz plane.
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Fig. S9 ADMR curves of Pt(3 nm)/LSMO(20 nm)/STO in the xz plane.



Tab. S1 Transition temperatures of p,,-7, FDMR, and ADMR curves. Tyt refers to the
metal-insulating transition temperature of the p,,-T curve. Trpmrr and Tapmrep, )t are

the positive and negative transition temperatures for FDMR and ADMR, respectively.
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Fig. S10 (a) p,-T curve and (b)-(d) FDMR of Pt(3 nm)/LSMO(6 nm)/LAO [(b) H// x,

(c)H//y,(d)H/ z].
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Fig. S11 Theoretical results of OMR, MPE-induced AMR, and SMR.

Theoretically, OMR exhibits a relatively low resistance for H//1 and a high
resistance for H_| ] in the three-dimensional (3D) system, i.e., there is an ADMR signal
when H rotates in the xy and xz planes, but no signal in the yz plane, as shown in Fig.
S11(a).! In the two-dimensional (2D) system, the movement of electrons is limited in
the xy plane, and the Lorentz force causes the OMR in the yz and xz planes, showing
the high resistance when H // z [Fig. S11(b)].2

Due to the MPE, the Pt atoms near the magnet can produce magnetic moments and
long-range ferromagnetic (FM) ordering,® further inducing the MPE-induced AMR,
which can be observed in the xy and xz planes but does not exist in the yz plane, as
shown in Fig. S11(c).!

In the heavy metal/FM insulator heterostructures, due to the SMR effect, a high

(low) resistance state can be formed when the magnetization is perpendicular (parallel)



to the spin accumulation at the interface.* Due to the spin accumulation along the y-
axis, a change in the resistance can be observed when the magnetic field
(magnetization) rotates in the xy and yz planes, as shown in Fig. S11(d). In the xz
plane, the magnetization is always perpendicular to the spin accumulation, and the
change in the resistance disappears. Therefore, the SMR can be observed in the xy and
vz planes, but it disappears in the xz plane. In the heavy metal/AFM insulator
heterostructures, the magnetization is no longer parallel to the magnetic field and
forms a spin tilting towards the direction of the magnetic field.> Therefore, the SMR
of the heavy metal/AFM insulator heterostructures has the opposite angular
dependence in the xy and yz planes to the heavy metal/FM insulator heterostructures,

as show in Fig. S11(e).
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