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Figure 1. Four dot QCA Cells
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who achieve higher performance with reduced memory
latency (bigger caches) and parallel processing
(multi-cores).

This paper will present one possible approach to
achieving the ambitious goals of the industry is to
employ a paradigm based on nanoelectronic devices.
This family of devices, called quantum-dot cellular
automata (QCA) was developed at the Univ. of Notre
Dame [1,2]. The fundamental idea for QCA operation is
to encode information using the charge configuration of
electrons within a set of coupled quantum dots [3]. This
is an important break with the transistor paradigm.
QCA has been demonstrated in both electronic [4, 5] and
magnet implementations [6]. This paper will concentrate
on electronic implementations.

A schematic diagram of a four-dot QCA cell is shown
in Fig. 1. This is the



-10

-20

10

shownin Fig. 4(a).
The chargingdiagramof this device is shown in Fig.

4(b). This plots the conductance(gray-scale)againstthe
gate voltage (Vg) and the drain-sourcevoltage (Vds). It
showsthe characteristic"Coulomb Diamonds",and has
a chargingenergyof over 20 meV. Coulombblockade
oscillations can be see at 180 K. This early result
points to possibility of QCA cells operatingat close to
roomtemperature.
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Figure 4 (a) Silicon SET Structure. (b) Charging
diagram.
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uncontrolleddot size and tunnel barrier thickness.We
havedevelopeda fabrication methodusing lithography,
dry-etching,and chemicalmechanicalpolishing (CMP).
Our method produces an SET with a well-defined
geometryof thedot and,mostimportantly,a high quality
well-controlledtunnel oxide. A simplified descriptionof
the fabrication is as follows. The device layer (--50 nm
thick) of a SOl wafer is patternedby electron-beam
lithography (EBL) and high selectivity inductively
coupledplasma(ICP) etch to form thin Si ribs (--20-40
nm wide) and an adjacent gate on the buried oxide
(BOX). Silicon dioxide is depositedon the samplewith a
thicknessgreaterthan that of the Si rib and planarized
usingCMP to exposethe top of the ribs. The SET island
is definedby writing lines (--20-40nm wide) by EBL to
perpendicularlyintersectthe Si rib. The exposedpart of
the Si rib is etchedup to the BOX using the samehigh
selectivity ICP etch. An ultra-thin thermal oxide «1.5
nm) is grown on the sidewallsof the etchedpit in the Si
rib. LPCVD polysilicon is depositedon the sample,
filling the pit and a final CMP step removes the
overburdenof polysilicon, leavingonly that in the pit. A
3-dimensional representationof completed device is


