
 

Better nanoimages 'spin' the path to
improved magnetic memory
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Strips of magnetic material (small colored rectangles) sit atop blocks of a
nonmagnetic heavy metal (large blue rectangles). When an electric field is
applied to a nonmagnetic block, a flow of spin-polarized electrons enters the
magnetic strips and alters the direction of magnetization (black arrows). Credit:
Dill/NIST
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In work that could help make possible a faster, longer-lasting and lower-
energy method of data storage for consumers and businesses, researchers
at the National Institute of Standards and Technology (NIST) and their
colleagues have developed a technique for imaging and studying a
promising class of magnetic devices with 10 times more detail than
optical microscopes.

Magnetic materials have attracted a growing number of researchers in
the quest to more rapidly store and read bits of digital information. In a
magnetic system, data is encoded by the direction of the magnetization:
A bar magnet with its north pole pointing up can represent the binary
code "0," while the same magnet with its north pole pointing down can
represent a "1." Unlike the standard semiconductor computer chip, 
magnetic memory devices can retain information even if the power is
turned off.

By controlling when and how quickly the magnetization can be flipped
without expending significant electrical power, scientists hope to
improve an existing technology called Magnetic Random Access
Memory, or MRAM, into a leading tool for reading, writing and storing
information. MRAM is not yet competitive with other existing methods
of data storage such as flash RAM, but offers advantages over present-
day technologies such as reduced energy consumption.

To realize the promise of MRAM, researchers are probing the
nanometer-scale magnetic structure of thin metal films that have the
potential to serve as memory devices in MRAM. At NIST, Ian Gilbert
and his colleagues have used a high-resolution electron-imaging
technique, developed by physicist John Unguris, to examine the
nanostructure of magnetic films before and after their magnetization is
reversed.
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The technique, scanning electron microscopy with polarization analysis
(SEMPA), uses a beam of electrons scattered from a thin film to reveal
the nanoscale topography, replete with miniature hills and valleys, of the
film's surface. Electrons ejected from the surface by the incoming
electron beam are also detected and separated according to the direction
of their spin—a quantum property that endows the charged particles
with an intrinsic angular momentum and tiny magnetic field. The
direction of the ejected electrons' spins reveals variations in the sample's
magnetic structure—changes in the direction of magnetization—on a
scale about 10 times smaller than seen with an optical microscope.

SEMPA's ability to discern tiny magnetic structures is critical as
engineers fabricate smaller and smaller magnetic memory devices, noted
Gilbert. With SEMPA, "we can see these really fine textures in the
magnetization," he said.

Gilbert and his collaborators, which include scientists from NIST and the
University of Maryland, also used electron spin to flip the magnetization
in their thin-film sample, an alloy of cobalt, iron and boron. By passing a
small electric current through an underlying strip of a nonmagnetic metal
film such as platinum, the team created a stream of electrons whose
spins all point in the same direction. When this stream of electrons,
known as a spin current, passed through the magnetic thin film, their
spin exerted a small twisting force, or torque, on the magnetic regions of
the film. The torque was large enough to rotate and flip the
magnetization.

The SEMPA images taken before a current was applied revealed that the
direction of the magnetization varied, on the nanoscale, across the thin-
film sample. Each small region of the sample has its own preferred axis
along which the magnetization points, said Gilbert. The team recently
reported its findings in the journal Physical Review B .
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Such nanoscale variations of the magnetization could become crucial to
document, said Gilbert, for engineers trying to optimize the performance
of a magnetic memory device. The variation in magnetization direction
could also affect the ability of electron spin to flip the magnetization.

"Instead of flipping magnetization up or down, the spin current flips the
magnetization along whatever its preferred local [spin] axis happens to
be," notes Gilbert. The variation in magnetization direction suggests that
materials used for magnetic memory devices may need to be gently
heated, a process that aligns nanoscale magnetic domains.

In separate work, NIST scientists Mark Stiles and Vivek Amin, who has
a joint appointment with the University of Maryland, focus on the theor
describing the torque measured in the SEMPA experiments. There, a
stream of polarized electrons generated in a nonmagnetic metal strip
interacts with the magnetization of an overlying material. In particular,
the team has developed a model that may help determine which group of
polarized electrons play the more important role in reversing the
direction of magnetization in adjacent material—those originating at the
surface of the nonmagnetic material or those from the interior.

The answer could guide the fabrication of more efficient magnetic
memory devices. For instance, determining which group of electrons are
the dominant actors could suggest ways to minimize the current needed
to flip the magnetization, Stiles said.

"Right now, we're in the process of publicizing the model to
experimentalists, trying to get them to use it to better understand their
data," he noted.

  More information: Ian Gilbert et al. Nanoscale imaging of
magnetization reversal driven by spin-orbit torque, Physical Review B
(2016). DOI: 10.1103/PhysRevB.94.094429 
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