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Special Issue on Quantum Devices and Their Applications

The ability to use geometry scaling to improve the
performance/cost ratio of electronics has fueled the Age of
Information. As we approach the next millennium, the end
of the Great Device Shrink appears to be at hand [1], and it
is appropriate and intriguing to speculate about the future
of electron device technology. Basic physical length scales,
including atomic bond lengths and the electron wavelength,
are even today being approached in MOSFET’s. Account-
ing for the quantum effects associated with these nanometer
device dimensions is becoming an important aspect of
device design. This Special Issue focuses on the increasing
“quantum” content of electronics in the twenty-first century.

Every device is, of course, a quantum device, oper-
ating according to the laws of quantum mechanics, but
devices with nanometer feature sizes display the quantum
of electron charge and the wave properties of matter, e.g.,
interference, resonance, diffraction, and tunneling, in re-
markable and strong ways. For the purposes of this Special
Issue, we consider quantum devices to be nanometer-scale
electron devices. Starting from complimentary metal-oxide-
semiconductor (CMOS) technology, we have placed an
emphasis in this issue on technologies which could find a
significant niche apart from CMOS or augmenting CMOS.
Each of the authors has been asked not only to outline their
respective fields, but also to assess the prospects for future
application.

Fig. 1 provides a rough outline of the six papers and
six technology areas discussed in this issue, along with
an estimate of when these technologies might be expected
to emerge. With no clear successor to CMOS technology
looming, CMOS should dominate the marketplace into the
next century. What we can expect for CMOS as it moves
to the nanometer scale is the subject of the paper by Wong
et al. entitled “Nanoscale CMOS.”

Tunneling devices in combination with silicon or III–V
transistors offer a way to extend the performance of existing
technologies by increasing circuit speed and decreasing
static power dissipation. Both memory and logic benefits
can be expected, and these subjects respectively are covered
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Fig. 1. Overview of this Special Issue on Quantum Devices
and Their Applications. The timeline gives a guess at when the
technology will find use. Each row of the chart is the subject
of a paper in this issue. Acronyms: CMOS, static random access
memory (SRAM), and resonant tunneling diode (RTD).

in the next two articles: “Tunneling-Based SRAM” by
van der Wagt and “A New RTD-FET Logic Family” by
Mathewset al.

The limiting size electron device, whose operation is
based on the transport of individual electrons, has been
the subject of significant study over the past decade. In this
Special Issue, two papers outline progress and prospects
for this field. The first paper, “Single-Electron Devices and
Their Applications” by Likharev, covers the overall subject
of single electronics. The second paper, by Yanoet al.,
covers the particular case of “Single-Electron Memory for
Giga-to-Tera Bit Storage.”

Lastly, we have a paper by Reed, which outlines one
corner of an emerging area of research, “Molecular-Scale
Electronics,” a field that has been called the “final techno-
logical stage in the miniaturization of computer circuitry”
[2]. With the enormous range of possibilities for molecular
and biomolecular devices, it seems likely that molecular
electronics will find significant applications in the twenty-
first century.
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