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Switch to atom control 
C. F. Quate 

THE most dramatic evidence of the tun
nelling microscope's ability to manipu
late individual atoms - the construction 
of an atomic switch - is presented by 
Eigler, Lutz and Rudge on page 600 
of this issue1

. This follows the previous 
work on translating atoms over a nickel I 
surface using a scanning probe for 
guidance controe. They now report on 
a new technique for 
repeatedly transferring 
xenon atoms back and 
forth between the 
microscope tip and 
substrate surface. The 
electrical conductance 
from tip to substrate 
depends on the posi
tion of the atom. 
Their device switches 
between a low con

redeposited on the substrate by a voltage 
pulse of opposite polarity. K. Mortenson 
and F. Besenbacher (personal com
munication) have used a similar 
approach to write lines 50 A wide on 
silicon (see figure). Single atoms (pre
sumably selenium) have also been re
moved in the same way with high vol
tages from the surface of WSe2 (ref. 7), 

ductance state when Writing on silicon, using a scanning tunnelling microscope. to 
the atom is on the sub- honour the 65th birthday of K. 0. Nielsen. 
strate to a high conductance state when as have single (sulphur) atoms from the 
the atom is on the tip. The atom switch surface of MoS2 (ref. 8). In the latter 
is a bistable element and components experiment, by S. Hosoki and colleagues 
such as this are vital in developing at Hitachi, the precision of extraction 
microcircuits. was so high that the researchers could 

It is not long since G. Binnig and produce lines the width of a single atom. 
H. Rohrer received the Nobel prize Whitman and colleagues have 
for developing the scanning tunnelling determined9 that the diffusion of 
microscope, which uses a fine stylus to caesium atoms over the surface of gal
trace out and image surface details with lium arsenide is enhanced by the applica
atomic resolution. But these researchers tion of a strong electric field. The 
themselves predicted the transition caesium atoms are attracted by the field 

gradient near the tip and so became 
concentrated beneath the tip. 

The prospect opened by this remark
able body of new work is the construc
tion of electronic devices with atomic 
dimensions. But this will not be so easy 
in practice. Speed is the limiting factor. 
The dilemma is illustrated with memory
type devices. For example, a cluster of 
1,000 atoms could represent one bit of 
information, in which case the entire 
contents of the Library of Congress, 
equalling 200 terabits, could be stored 
on a silicon disk 12 inches in diameter. 
(In contrast, it would probably take 
250,000 compact disks of a similar size to 
store this information with current tech
niques.) But even if one could create 
clusters at the exceptional rate of 107 per 
second it would take 230 days to fill the 
disk. Worse still, it would take an addi
tional 230 days to read the information. 
The solution will be to work towards 
massively parallel reading and writing 
systems. 0 
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beyond a passive role for these probes UNZEN VOLCANO----------------------
when they said3 "This local probing 
capability (could] reach beyond its initial 
use in atomic-scale imaging [so that in 
some cases] imaging might not be used 

Anatomy of an eruption 
at all". This view was echoed by J. Yoshiaki Ida 
Armstrong, Chief Scientist at IBM, who 
said4 "I believe that nanoscience and 
nanotechnology will be central to the 
next epoch of the information age, and 
will be as revolutionary as science and 
technology at the micron scale have been 
since the early 70s". 

The first report5 of the controlled 
movement of atoms with the scanning 
tunnelling microscope (STM) came only 
four years ago from Becker and col
leagues of AT&T Bell Labs. They trans
ferred a single atom of germanium from 
the scanning tip to the germanium sub
strate by suddenly increasing the top 
voltage to 4 volts. But techniques have 
developed rapidly just this ~ear. Lyo and 
Avouris recently reported a more de
finitive experiment on a silicon surface 
with a precision that rivals the new 
atomic switch. They found that single 
atoms could be removed from silicon's 
(111) surface to the tip with a voltage 
pulse applied to the sample and then 
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THE avalanche of hot debris that hurtled 
down the flanks of Mt Fugendake on 3 
June this year in southern Japan marked 
the end of 200 years of quiescence of 
Unzen Volcano. The last time the volca
no erupted, in 1792, 15,000 people were 
killed by mudslides triggered by an ear
thquake associated with the volcanic 
activity. This time, 41 were killed, most
ly journalists and volcanologists1

. The 
fast-moving, pyroclastic flows, a trait not 
previously associated with Unzen, were 
responsible. 

Unzen is set in a graben, a line of 
subsidence, created by north-south ex
tension of the peninsula (see figure). 
Historical records of the volcano's activi
ties report two eruptive events, in 1663 
and 1792 (ref. 2). On each occasion, the 
eruptions started with plumes of steam 
and ash shooting out from the summit 
craters of Mt Fugendake. Lava flows 
with andesitic to dacitic compositions 

followed on the north flank. Neither 
event produced pyroclastic flows (flui
dized flows of ash and hot debris). The 
1792 eruption claimed as many as 15,000 
lives, but this was the result of the 
collapse of Mt Mayuyama following the 
eruption: a strong earthquake triggered 
the collapse, causing mud to flow into 
the sea and generating a tsunami wave 
that reached the other coast of the 
Shimabara bay, 20 km away. 

The first precursory phenomenon pre
ceding the recent eruption was probably 
an earthquake swarm in November 1989 
centred below a presumed old caldera 
(zone of collapse) in the Tachibana bay. 
Subsequent swarms with shallower 
hypocentres gradually extended the seis
mic area eastwards, towards Mt Fugen
dake, suggesting that volcanic gas and 
magma were moving towards the summit 
crater from a magma chamber below the 
caldera. Volcanic tremors followed in 
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