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Figure S1: TEM image of an NiTiO,/LNO film showing columnar grain growth
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Figure S2: XPS for Ti and Ni in a representative NiTiO,/LNO film
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1 510 25 30 55
2 48.5 16.5

Figure S3: RBS analysis of two NiTiO;/LNO film samples
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The considered film has a rhombohedral crystal structure. One of the rhombohedral diagonal directions is parallel to the
film normal and one of them is in the film plane (see Fig.3c in paper). By setting an orthogonal coordinate x={x,x,,X;} with
axis x5 being normal to the film plane, the magnetic anisotropic energy for a rhombohedral crystal is generally described by

f

anis

= K,(1-m?)+ K, ({L-m2f

where m; is the component of the magnetization vector m={m,,m,,m;} along the x;-axis. When K,>0 and K,>-K,, the magnetic
easy axis is along the direction of [0,0,1]; When K;<0 and K,<-K,/2, the magnetic easy axis is in the plane of (0,0,1), along the

[1/2,\/§/2,0] direction as shown in Fig. 3c.

The simulation considered periodic boundary conditions along the x;x, directions in the film plane. The obtained
ferromagnetic domain structures are shown below and viewed from the top of the thin film. The arrows are the magnetization
vectors. The color refers to the magnitude of the out-of-plane magnetization component (m;) as indicated by the color bar.
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(a) Ferromagnetic domain morphology by
taking K,<0 and K,=0. [1/2,-V3/2, 0] is a
magnetic easy axis. The obtained
magnetic domain structure is a single
domain. All the magnetization in the film
are all along the [1/2,-V3/2, 0] direction.
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(b) Ferromagnetic domain morphology by
taking K;>0 and K,=0. [0,0,1] is a magnetic
easy axis. The obtained magnetic domain
structure is a multi-domain structure. The
magnetization in the film is along either the
direction of [0,0,1] (red) or [0,0,-1] (blue).

Figure S4: Film orientation, magnetic easy axes and domain morphologies
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Figure S5: Optical SHG in transition mode (confocal imaging ) and reflection mode
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Figure S6: Reversible coupling from magnetic hysteresis curves for sample NTO/LNO-30 at 2 kV
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