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Determining the phase diagram of 2D van der Waals magnets
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The arrival of 2D magnets in the form of atomically thin van der Waals (vdW) crystals [1]
has open the possibility to explore a plethora of different magnetic states hosting novel in-
teresting phenomena, and to control the magnetic properties of these materials, for instance,
via an electric field. Probing magnetism in these systems is however challenging because ex-
perimental methods commonly used to study bulk compounds are not sufficiently sensitive to
detect signals emerging from micron-sized structures with a diminutive amount of material.
Here, we give an overview of recent experiments in which we map the phase diagram of 2D
antiferromagnets [2, 3] and ferromagnets via magneto transport measurements performed on
vdW heterostructures, in which insulating 2D magnets are used as tunnel barriers. Indeed,
the tunneling conductance of the devices evolves as a function of temperature and magnetic
field, providing a means to trace the spin configuration in these materials. In antiferromagnets
the tunneling conductance changes in response to an abrupt change in the alignment of the
spins in the tunnel barriers (and the associated tunneling probability) when the temperature
and field are varied across a magnetic transition. Instead, in ferromagnets, where no magnetic
boundaries are present below the Curie temperature, the tunneling conductance depends on
temperature and magnetic field via the magnetization of the material, a link that has been
established only recently. Our results also highlight the coupling between transport and mag-
netism in vdW magnets, and enable the determination of microscopic information regarding
the magnetic state of the material, such as the strength of the interlayer exchange coupling
and the energy difference between the spin up and spin down bands.
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