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New research advances spintronics
technology

February 1 2018, by Dennis Meredith
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UCR researchers have developed methods to detect signals from spintronic
components made of low-cost metals and silicon. Credit: UC Riverside

Engineers at the University of California, Riverside, have reported
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advances in so-called "spintronic" devices that will help lead to a new
technology for computing and data storage. They have developed
methods to detect signals from spintronic components made of low-cost
metals and silicon, which overcomes a major barrier to wide application
of spintronics. Previously such devices depended on complex structures
that used rare and expensive metals such as platinum. The researchers
were led by Sandeep Kumar, an assistant professor of mechanical
engineering.

Spintronic devices promise to solve major problems in today's electronic
computers, in that the computers use massive amounts of electricity and
generate heat that requires expending even more energy for cooling. By
contrast, spintronic devices generate little heat and use relatively
minuscule amounts of electricity. Spintronic computers would require no
energy to maintain data in memory. They would also start instantly and
have the potential to be far more powerful than today's computers.

While electronics depends on the charge of electrons to generate the
binary ones or zeroes of computer data, spintronics depends on the
property of electrons called spin. Spintronic materials register binary
data via the "up" or "down" spin orientation of electrons—Iike the north
and south of bar magnets—in the materials. A major barrier to
development of spintronics devices is generating and detecting the
infinitesimal electric spin signals in spintronic materials.

In one paper published in the January issue of the scientific journal
Applied Physics Letters, Kumar and colleagues reported an efficient
technique of detecting the spin currents in a simple two-layer sandwich
of silicon and a nickel-iron alloy called Permalloy. All three of the
components are both inexpensive and abundant and could provide the
basis for commercial spintronic devices. They also operate at room
temperature. The layers were created with the widely used electronics
manufacturing processes called sputtering. Co-authors of the paper were
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graduate students Ravindra Bhardwaj and Paul Lou.

In their experiments, the researchers heated one side of the Permalloy-
silicon bi-layer sandwich to create a temperature gradient, which
generated an electrical voltage in the bi-layer. The voltage was due to
phenomenon known as the spin-Seebeck effect. The engineers found
that they could detect the resulting "spin current” in the bi-layer due to
another phenomenon known as the "inverse spin-Hall effect."

The researchers said their findings will have application to efficient
magnetic switching in computer memories, and "these scientific
breakthroughs may give impetus" to development of such devices. More
broadly, they concluded, "These results bring the ubiquitous Si (silicon)
to forefront of spintronics research and will lay the foundation of energy
efficient Si spintronics and Si spin caloritronics devices."

In two other scientific papers, the researchers demonstrated that they
could generate a key property for spintronics materials, called
antiferromagnetism, in silicon. The achievement opens an important
pathway to commercial spintronics, said the researchers, given that
silicon is inexpensive and can be manufactured using a mature
technology with a long history of application in electronics.

Ferromagnetism is the property of magnetic materials in which the
magnetic poles of the atoms are aligned in the same direction. In
contrast, antiferromagnetism is a property in which the neighboring
atoms are magnetically oriented in opposite directions. These "magnetic
moments" are due to the spin of electrons in the atoms, and is central to
the application of the materials in spintronics.

In the two papers, Kumar and Lou reported detecting
antiferromagnetism in the two types of silicon—called n-type and p-

type—used in transistors and other electronic components. N-type
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semiconductor silicon is "doped" with substances that cause it to have an
abundance of negatively-charged electrons; and p-type silicon is doped
to have a large concentration of positively charged "holes." Combining
the two types enables switching of current in such devices as transistors
used in computer memories and other electronics.

In the paper in the Journal of Magnetism and Magnetic Materials, Lou
and Kumar reported detecting the spin-Hall effect and
antiferromagnetism in n-silicon. Their experiments used a multilayer
thin film comprising palladium, nickel-iron Permalloy, manganese oxide
and n-silicon.

And in the second paper, in the scientific journal physica status solidi,
they reported detecting in p-silicon spin-driven antiferromagnetism and a
transition of silicon between metal and insulator properties. Those
experiments used a thin film similar to those with the n-silicon.

The researchers wrote in the latter paper that "The observed emergent
antiferromagnetic behavior may lay the foundation of Si (silicon)
spintronics and may change every field involving Si thin films. These
experiments also present potential electric control of magnetic behavior
using simple semiconductor electronics physics. The observed large
change in resistance and doping dependence of phase transformation
encourages the development of antiferromagnetic and phase change
spintronics devices."

In further studies, Kumar and his colleagues are developing technology
to switch spin currents on and off in the materials, with the ultimate goal
of creating a spin transistor. They are also working to generate larger,
higher-voltage spintronic chips. The result of their work could be
extremely low-power, compact transmitters and sensors, as well as
energy-efficient data storage and computer memories, said Kumar.
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More information: Ravindra G. Bhardwaj et al, Spin Seebeck effect
and thermal spin galvanic effect in Ni80Fe20/p-Si bilayers, Applied
Physics Letters (2018). DOI: 10.1063/1.5003008
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