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Clocking the Verwey transition in magnetite: the
speed limit for ultrafast switching in oxides
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For oxide electronics to come of age, we will need convincing that the dazzling array of physical
properties transition metal oxides display can be switched on and off sufficiently rapidly.
Femtosecond soft X-ray probes can clock such switching speeds, simultaneously laying bare the
mechanisms at work by separating out the contributions from the lattice and electronic degrees of
freedom on the time axis.

In magnetite — FesO, — electrical conduction drops two-hundred-fold below T,, as electrons freeze
into a complex pattern of charge and orbitals, as first recognized by Verwey.

Harnessing the femtosecond soft X-ray pulses from the Linac Coherent Light Source, we show
that for all its complexity, the charge-orbital order of the insulating Verwey phase can give way to
a metallic phase in as little as a single picosecond. This not only finally solves the riddle of the
how the Verwey transition works, but also sets an encouraging speed limit in our pursuit of future
oxide electronics technologies.

Picture: Artist’s impression of the pump pulse annihilating trimerson in
the Verwey phase, triggering the switching to a metallic phase.
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