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Quantum mechanical tunneling--the ability of electrons to connect from one side of a device to
the other via the overlap of the electronic waves on each side of the device--is one of the most
important processes employed in creating interesting electronic devices [1].  Most commercially
used tunneling devices are made from semiconductors, but recent advances in magnetic tunnel
junctions will shortly see the introduction of nonvolatile random access memories (MRAM)
constructed out of magnetic metal-insulator-magnetic metal tunnel junctions.  Even though the
use of tunneling is widespread throughout technology, the science behind the process is still not
fully understood.  We have performed simulations of junctions where the insulating barrier is
tuned to lie close to the metal-insulator boundary, and hence has a shallower barrier than in
current devices.  Due to the lower barrier height, we are able to see the crossover from quantum-
mechanical dominated transport of electrons to a classical process (where electrons move across
the barrier because their temperature gives them enough energy to “punch through” the barrier).
We have discovered a new energy scale associated with the resistance that allows us to predict
the crossover from tunneling (where the resistance is essentially a constant with temperature) to
the classical regime (where the resistance is reduced rapidly with temperature).  The figure
shows this behavior, where we plot the resistance versus temperature on a log-log plot for
different numbers of atomic planes in the barrier.  The dashed line is a prediction of the
crossover temperature, determined by this new energy scale. Note how the crossover moves to
lower temperatures as the barrier becomes thicker [2].
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