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Off‑axis electron holography allows magnetic and electrostatic fields in materials to be characterized in the transmission electron microscope (TEM) at a spatial resolution that can approach the nanometer scale. The technique involves applying a positive voltage to an electron biprism in order to overlap a coherent electron wave that has passed through a specimen with a part of the same electron wave that has passed only through vacuum. Analysis of the resulting interference pattern allows the phase shift of the specimen wave to be recovered quantitatively and non‑invasively. The phase shift is, in turn, sensitive to the magnetic induction and the electrostatic potential in the specimen. I will present recent results from the characterization of magnetic fields in isolated and closely-spaced crystals that are below 100 nm in size, including three-dimensional magnetic vortex states in chains of 50-nm-diameter FeNi nanocrystals, chiral magnetic states in self-assembled rings of 20-nm-diameter Co nanocrystals, and chevron patterns in two-dimensional arrays of 7-nm-diameter Fe crystals. I will also describe the magnetic properties of naturally occurring magnetite crystals that form in living organisms and in fine-grained minerals. I will discuss the spatial resolution and the magnetic information that can be obtained using this technique at present, and the prospect for improving this information in the future. I will conclude with the prospect of characterising magnetic vector fields inside nanoscale materials and working devices in three dimensions, rather than simply in projection.

