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Abstract

The single-electron circuit technology should aim at developing information processing systems using the intrinsic 
properties of single-electron devices. The operation principles of single-electron devices are completely different 
from that of conventional CMOS devices, but both devices should co-exist in the information processing systems. 
In this paper, according to a scenario for achieving large-scale integrated systems of single-electron devices, some 
single-electron devices and circuits utilizing stochastic operation for associative processing and a spiking neuron 
model are described. [Article copies are available for purchase from InfoSci-on-Demand.com]
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Introduction

Many single-electron devices and circuits that 
realize CMOS-like digital logic were proposed 
so far (Takahashi, Ono, Fujiwara, & Inokawa,  
2002). However, the single-electron circuit 
technology should aim at developing computing 
systems that perform information processing 
by using single-electron phenomena (Morie, 
& Amemiya, 2006). Because their operation 
principles are completely different from that 
of conventional CMOS devices, we have de-

veloped a scenario for achieving large-scale 
integrated systems of single-electron devices 
as summarized in Figure 1.

Single-electron devices should be used 
for massively parallel processing with a huge 
number of devices because of their large pack-
ing density and ultra-low power dissipation. 
The processing speed is improved by parallel 
operation. Few logic stages, a small fanout, 
regularity and repeatability in the circuit archi-
tecture overcome the interconnection complex-
ity and lowers the background-charge effects. 
Parallel operation and such circuit architecture 
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may make deep logic processing more difficult. 
Therefore, the use of ultra-small CMOS devices 
is essential. Single-electron devices should be 
used for simple functional circuits with few 
logic stages, and ultra-small CMOS devices 
are used for multistage logic circuits.

To overcome the design difficulty, it is 
important to use large output capacitance as a 
buffer for each circuit component. Here, “large” 
means a capacitance value that can store a few 
tens of electrons. Because of this output buffer, 
the operation of the circuit component is not 
affected by the following stage circuit, and thus 
modularized circuit design is applicable. The 
output capacitance is also used for an interface 
between SET and CMOS circuits. The informa-
tion generated by massively parallel process-
ing in SET circuits is collected and integrated 
into the output buffer and is transferred to the 
CMOS circuits.

The gate capacitance of an ultra-small MOS 
device can be used as the buffer capacitance. In 
order to reduce the sensitivity to capacitance and 
background charges, new information-process-
ing concepts and models also are required in 
addition to solutions regarding the averaging of 
information or redundancy configurations.

The functionalities created by the single-
electron operations and available for new 
information processing systems are as fol-
lows: (1) multi-inputs circuits using multi-
gate configuration in single-electron devices, 

(2) non-monotone input-output functions due 
to multi-peak (oscillatory) characteristics of 
single-electron operation, (3) stochastic opera-
tion due to stochastic tunneling phenomena, (4) 
energy minimization. Circuits and architectures 
using these functionalities for associative 
processing and spiking neurons are reviewed 
in this paper.

Single-electron Circuits 
for Stochastic 
Associative Processing

Concept of Stochastic Associative 
Processing

Associative processing or associative memory 
extracts a pattern similar to the input key pattern 
from the memorized patterns. Conventional 
associative memories achieve deterministic 
association; the same input key pattern leads 
to the same association result. However, the 
human often associates different outputs from 
the same key. This property may be expressed 
as chaotic behavior in highly nonlinear dy-
namical systems.As another model, stochastic 
associative processing can be considered, and 
the stochastic property is achieved in single-
electron devices effectively.

There are some associative processing 
models also in the artificial neural network 

Figure 1. Single-electron circuit system design scenario. Morie et al. (2002).Nanosci. Nanotech., 
2, 343, 2002.
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