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The advent of twist engineering in two-dimensional (2D) crystals enables the design of van der 

Waals heterostructures with emergent properties.[1] In the case of magnets, this approach can afford 

artificial antiferromagnets with tailored spin arrangements, which may bring new directions in the 

design of future spintronic devices.[2]  

Here,[3] we show the fabrication of an orthogonally-twisted bilayer by twisting two CrSBr 

ferromagnetic monolayers with an easy-axis in-plane spin anisotropy by 90 degrees.  CrSBr is a 

metamagnetic layered semiconductor formed by antiferromagnetically-coupled ferromagnetic layers 

(Tc ∼ 150 K) that can be exfoliated down to the single-layer limit. The ferromagnetic monolayer exhibits 

a marked low-dimensional character, with short-range correlations above Tc and an Ising-type in-plane 

anisotropy, being the spins spontaneously aligned along the easy axis (b) below Tc. By applying 

moderate magnetic fields along the b axis, a spin-flip of the layers take place whereas, for the 

intermediate and hard magnetic axis (a and c axes, respectively), a spin-reorientation occurs. In 

multilayers, a spin-valve behaviour is observed, characterized by negative magnetoresistance.[4] 

Thus, taking advantage of the in-plane Ising magnetic anisotropy of this 2D magnet,  twisting 

by 90 degrees two monolayers yields to an intriguing spin scenario where several terms compete with 

an applied magnetic field such as the Zeeman split energy, the interlayer magnetic interactions (which 

favours an antiparallel orientation between the layers) and the local spin anisotropy in each CrSBr layer 

(which are perpendicular in the twisted configuration). This case is different from the common Moiré 

patterns in twisted bilayers, where a modification of the band structure is reached by twisting by small 

angles.[1] In particular, the magneto-transport properties of the orthogonally-twisted bilayer reveal a 

multistep magnetization switching with a magnetic hysteresis opening, which is absent in the pristine 

case.[4] By tuning the magnetic field, we modulate the remanent state and coercivity and select between 

hysteretic and non-hysteretic magnetoresistance scenarios. This complexity pinpoints spin anisotropy 

as a key aspect in twisted magnetic superlattices.  

Our results highlight control over the magnetic properties in van der Waals heterostructures, 

leading to a variety of field-induced phenomena and opening a fruitful playground for creating desired 

magnetic symmetries and manipulating non-collinear magnetic configurations. 
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