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Current superconducting memory devices have
several disadvantages, but perhaps the most
prevalent is their large size. This is due to the way
these devices store data: Bits of information take
the form of basic units, or “quanta,” of magnetic
flux (flux being a measure of the strength and
extent of a magnetic field). These flux quanta
occupy a relatively large amount of space,
however, and are stored in circuit components
called superconducting quantum interference
devices (SQUIDs) that must be large to
accommodate them.
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Despite the potential of superconductor-based
electronics to significantly impact the electronics
industry – for example, a superconducting
computer chip is a thousand times faster than the
one within the laptop I'm using right now – they
have not taken off the way some researchers
anticipated. One reason may be that
superconducting memory chips are just not dense
enough; they can only hold up to 16 kilobits of
information, compared to up to several gigabits
delivered by other chips.

limitation by rethinking memory cell design. Their
concept stores data by coupling tiny ferromagnetic
“dots” to electronic components called Josephson
junctions – current-conducting “sandwiches”
formed by a thin layer of an insulating material
between two superconducting layers.

To write bits of data to the cell, a current flowing
down a “write line” creates a magnetic field that
magnetizes the dots. The direction of each dot's
magnetic field – pointing toward the Josephson
junction or away from it – determines whether the
dot will correspond to a “0” or a “1.” It is the job of
the Josephson junction to make that determination.
It does this by adding its own magnetic field to a
background magnetic field, which is generated by a
But now, a team of scientists from the University of
direct current running under it. Because the
Augsburg in Germany and Stanford University has
strength of the resulting field depends on the
taken steps to help fix this problem. They have
direction of the dot's field, knowing the former
proposed a superconducting memory concept that
allows one to know the latter.
uses a ferromagnetic material to store data.
“We have made significant improvement to
superconducting memory, and we hope that our
design can be integrated into current devices on a
large scale and operated at high speeds,” said the
study's corresponding scientist, University of

This memory concept gets around the size issue
because the dimensions of the ferromagnetic dots
and their distance from the Josephson junctions do
not compromise the operation of the cell. The dots
can be very small and very close to the junctions,
and the cell will still function properly.
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The group tested their concept by fabricating a
memory chip out of the metal niobium (Nb). The
chip consists of a pattern of several Nb Josephson
junction arrays, with eight junctions per array. Each
junction is coupled to a ferromagnetic dot that is 6
micrometers wide, 9 micrometers long, and 600
nanometers thick. There are many ferromagnetic
materials that would work, but for this first test the
group chose a nickel-iron compound commonly
known as Permalloy.
“Our analysis of the test cell showed that it did
achieve memory function – it can store data,” said
Mannhart. “These first cells showed some
problems, such as the large write current needed to
magnetize the Permalloy, but by optimizing the cell
design and the materials, these problems can
hopefully be resolved.”
This work is reported in the October 19, 2006,
online edition of Applied Physics Letters.
Citation: R. Held, J. Xu, A. Schmehl, C.W.
Schneider, J. Mannhart, and M.R. Beasley,
“Superconducting memory based on
ferromagnetism.” Appl. Phys. Lett. 89, 163509
By Laura Mgrdichian, Copyright 2006 PhysOrg.com

APA citation: A New Approach to Superconducting Memory (2006, November 6) retrieved 29 November
2020 from https://phys.org/news/2006-11-approach-superconducting-memory.html

This document is subject to copyright. Apart from any fair dealing for the purpose of private study or research, no
part may be reproduced without the written permission. The content is provided for information purposes only.

2/2
Powered by TCPDF (www.tcpdf.org)

