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Abstract: 
Human brains can solve many problems with orders of magnitude more energy efficiency than 
traditional computers.  As the importance of such problems, like image, voice, and video recognition 
increases, so does the drive to develop computers that approach the energy efficiency of the brain to 
solve them.  Magnetic devices have several properties that make them attractive for such applications.  I 
give a brief overview of the variety of devices and approaches that are under consideration [1,2] and 
then focus on magnetic tunnel junctions.  Based on the ability to read the magnetic state of a tunnel 
junction through the tunneling magnetoresistance and the ability to electrically control it through spin-
transfer and spin-orbit torques, magnetic tunnel junctions are actively being developed for integration 
into CMOS integrated circuits to provide non-volatile memory.  This development makes it feasible to 
consider other geometries that have different properties.  I describe computing schemes based on two 
such alternative configurations, spin-torque nano-oscillators, which can be excited into an oscillatory 
state and used in analogy with oscillatory processes in the brain and superparamagnetic tunnel 
junctions, which thermally fluctuate between states and can be used in analogy to the stochastic process 
in the brain. Finally, I focus on representative projects for each of these structures from work by 



collaborators.  The first [3] uses spin-torque nano-oscillators in a reservoir computing scheme and the 
second [4] uses superparamagnetic tunnel junction for stochastic computing.    
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