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Abstract use of an ac driving field so that the energy needed to
drive the computation could be coupled into each of the
Single-electron tunneling transistors can manipulate clusters directly. Ohshima and Kiehl also proposed a SET
individual electrons. These device dissipate little power l0gic scheme using an ac pump (tunneling phase 15gic).
and can be fabricated in sizes ranging down to a m0|ecu-|n this scheme the information is not coded in the ConﬁgU'
lar scale. It has been suggested that large scale integra-ration of some charge on a cluster but it is coded in the
tion of single-electron transistors could result in logic relative phase between the ac pump and the periodic sin-
circuits with a high device packing density. Recently, a gle-electron tunneling oscillations. Likharev and Korotkov
number of different logic schemes using single-electronProposed reversible logic elemefritahere the amount of
tunneling transistors have been proposed. A brief over-energy dissipate per switching event could be much less
view of these developments is presented here. thankgT. There have also been several suggestions to use
single-electron tunneling transistors to build neural nets.
Single-electron tunneling (SET) devices can monitor Goossens et al. suggested exploiting the periodic transfer
and manipulate the motion of individual electréisThe characteristics of a SET transistor to build neural‘fets
small size and low power dissipation of SET circuits While the quantum neuromorphic networks of Bandy-
makes them potentially useful for the information technol- opadhyay et af’ function more like a traditional Hopfield
ogy industry. In the first SET logic scheme proposed by machine.
Likharev and Averin, bits were represented by individual ~Although many logic schemes have beeappsed, no
electrons: This logic (called single-electron logic) has an l0gic family has been thoroughly characterized experi-
architecture similar to superconducting single flux quan- mentally. One of the problems is that it has been difficult
tum logic where individual magnetic flux quanta are ma- 0 fabricate complex circuits with the very small feature
nipulated’ Ancona also proposed a logic scheme where Sizes necessary (< 100 nm) for single electronics circuits.
bits were represented by individual electrons but he pro-In order for SET circuits to function, the energy that is
posed building circuits with a regular cellular structure and Necessary to add an electron to a device must be larger
with local connections as in a cellular autoniataickef ~ than the characteristic thermal enekgy. If this is not the
and Yoshikawaet al. suggested the use of single-electron case, the single-electron effects will be washed out by
tunne“ng transistors in an architecture very similar to thermal fluctuations. In order to make the electron addi-

CMOS. In this case the bits are represented by voltagdion energy (also called the charging energy) large, the
levels®® Figure 1 shows two CMOS-like inverters con- capacitance of the devices must be made so smat#ffiat
structed from SET transistors. Tougaw and Lent suggestedS much larger thaksT, whereC is the capacitance of the
that the electron configuration in a cluster of quantum dotsdevice. This requires that the dimensions of the devices be
could be used to encode the informatidihe clusters of ~ very small. Presently, complex SET circuits are made with
quantum dots are placed very close together but they aréfitical dimensions of about 50 ntfh.At this scale, the

not electrically connected. The information passes fromcircuits are still not very reliable and only work at low
one cluster to the next via the Coulomb interaction be-temperature. There are many reports of individual SET
tween the electrons. Computation proceeds locally as in dransistors that work at room temperature but those fabri-
cellular automata architecture. Korotkov proposed a simi-cation technologies do not allow wires to cross and no
lar computational scheme using clusters not connected byoom temperature transistors with voltage gain have been
wires!! Unlike Tougaw and Lent, Korotkov Suggested the produced. These two conditions are necessary for making
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FIGURE 1. (a) A SET inverter realized with capacitively coupled SET transistors. The offset apargespecified to
insure proper inverter operation. (b) A SET inverter realized with resistively coupled SET transistors.

complex logic circuits. Recently there has been consider-
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