
 

X-ray study provides direct look at magnetic
property critical to spintronics
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This illustration shows the flow of a magnetic property of electrons known as
spin current from a magnetic material (blue), to a nonmagnetic material (red).
Credit: SLAC National Accelerator Laboratory

Researchers at the Department of Energy's SLAC National Accelerator
Laboratory have for the first time seen a spin current – an inherent
magnetic property common to all electrons – as it travels across
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materials. The result, which revealed a surprising loss of current along
the way, is an important step toward realizing a next-generation breed of
electronics known as "spintronics."

Modern computing relies on the precise control of electric charges that
zip around from component to component in labyrinth-like channels in
semiconductors. Spintronics could change that by tapping electrons' spin,
which can be thought of as having an "up" or "down" orientation, rather
than their charge.

Finding a way to directly control this up or down property, which is
analogous to the magnetically stored zeros or ones in computer hard
drive data, would rule out the need to flow electric charge in computer
chips. Devices like laptops and smartphones would use less battery
power and wouldn't get so hot during use, and could also access data
more quickly.

But the movement of this magnetic spin current had only been measured
indirectly until a SLAC-led team found a way to directly observe it using
X-rays. Their work, featured on the cover of the Aug. 28 edition of
Physical Review Letters, could prove useful in guiding the selection of
materials to improve spintronics performance.

"It's really a magnetic needle in a haystack," said Hendrik Ohldag, a staff
scientist at SLAC's Stanford Synchrotron Radiation Lightsource (SSRL)
who participated in the research. SSRL is a DOE Office of Science User
Facility. The research team, which included researchers from industry,
created a spintronics test device that flowed the spin current from a
cobalt-based magnetic material across copper, a nonmagnetic material.

"What we really didn't know was how this magnetization flowed from
one material to another," Ohldag said, "and that is what we saw for the
first time."
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This microscope setup inside a vacuum chamber at SLAC's SSRL was used to
observe a spin current relevant to spintronics. Credit: SLAC National
Accelerator Laboratory

Simply seeing this spin-related current in the copper material was an
important achievement, Ohldag said, but researchers also found that the
current loses more than half of its magnetic spin strength as it travels
from the magnetic material to the nonmagnetic material.

"We see that most of the magnetization gets lost here at the interface
between the two materials," added Roopali Kukreja, lead author of the
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paper and a graduate student at Stanford University at the time the
experiments were performed. "This was an 'Oh, wow!' moment because
nobody had suspected this. The copper atoms at the interface are almost
magnetic, and that is where you really lose the spin property of this
current. The role of this interface was not clear before."

To make spintronics devices more effective for commercial
applications, Ohldag said researchers will need to limit this loss of spin
current at the interface between materials.

  
 

  

A scanning transmission X-ray microscope (STXM) at SSRL's Beam Line 13-1
that was used to observe a spin current relevant to spintronics. The microscope's
vacuum chamber is on the right. Credit: SLAC National Accelerator Laboratory
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To isolate the magnetic spin property as it traveled from the magnet to
copper, researchers worked with accelerator physicists and detector
specialists at SLAC to customize a specialized microscope and detector
system at SSRL. It could pick up the magnetic signal generated by as
few as 50 atoms.

Ohldag said future experiments could use materials that are more
promising for actual spintronic devices. "We can explore different
materials and interfaces that are of different qualities and roughness," he
said.

  More information: "X-ray Detection of Transient Magnetic Moments
Induced by a Spin Current in Cu" Phys. Rev. Lett. 115, 096601 –
Published 24 August 2015. dx.doi.org/10.1103/PhysRevLett.115.096601
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