
Desperately seeking nanostructure. Yoshifumi Katayama of the Optoelectronics 
Technology Research Laboratory. 

Japan Starts a Big Push 
Toward the Small Scale 
Japanese industry is watching doubtfully as MITI embarks 
on an ambitious program of nanotechnology research 

may say they are eager to foster creativity, 
but in practice they are inept managers. 

And that's a serious concern, Japanese 
researchers say, because conventional sili- 
con technology-the mainstay of existing 
microelectronics-cannot be driven much 
further. "If DRAM chips continue to qua- 
druple their density every 4 years, by 2010 
we will probably produce the gigabit chip, 
and this will push silicon chips to their 
ultimate limit," explains Masakazu Aono, 
laboratory head at Japan's Institute for 
Physical and Chemical Research (RIKEN) 
and director of the "Atomcraft" nanotech- 
nology project of the Exploratory Research 
for Advanced Technology (ERATO) pro- 
gram, a government effort to fund promis- 
ing researchers. "Once conventional transis- 
tors reach abut 0.1 micron, about the wave- 
length of an electron, silicon technology 
will break down-electrons will tunnel 
through their switchgates." 

Tokyo-IN 1990, ABOUT THE TIME RE- 

searchers in the United States spelled "IBM" 
by lifting and depositing individual, super- 
cooled xenon atoms onto a nickel substrate 
with a scanning tunneling microscope 
(STM), some boisterous competition in the 
new field of nanotechnology was getting 
started across the Pacific. Less than a year 
later, Shigeyuki Hosoki, an electronics re- 
searcher at the Hitachi Central Research 
Laboratory (HCRL) in Tokyo, carved 
"PEACE '91 H C m "  into a sulfur medium 
using an STM-but, unlike the IBM team, 
he did it at room temperature, without the 
need for a massive cooling system. Soon 
afterward, several other Japanese electronic 
equipment manufacturers moved in with 
further improvements on the U.S. tech- 
nique, reducing from hours to seconds the 
time needed to etch lines just a few atoms 
wide in silicon. 

That Japan is once again demonstrating 
its extraordinary capacity to borrow, im- 
prove, and excel will come as no surprise to 
the West's battered electronics industries. 
As the STM advances show, Japanese com- 
panies are already refining the instruments 

T o  go  any further, says Yoshifumi 
Katayama, a research director in the MITI- 

vital to nanotechnology research-so much 
so that many U.S. laboratories may soon be 
relying on Japan for their STMs. But in the 
coming race to dominate the nanometer 
scale, Japanese researchers are determined 
that this trans-Pacific competition will be 
different from those of the past: In building 
nanoscale devices-atomic memories, quan- 
tum wells, and single-electron transistors- 
Japanese researchers say they want to draw 
on their own basic research. 

The big question now is how that re- 
search will be organized. Big corporations 
are already flocking to nanotechnology re- 
search, bringing with them variations on 
research strategies that they have used in the 
past. But they know that government sup- 
port will be necessary for the long-term 
effort needed in nanotechnology. And that 
1arge:scale government support is begin- 
ning to be put together, with the Ministry of 
International Trade and Industry (MITI), 
pledging as much as $225 million over the 
next 10 years. The only problem: Nano- 
technology researchers in Japan wony that 
MITI doesn't understand what it takes to do 
basic research. MITI officials, they suggest, 

funded Optoelectronics Technology Re- 
search Laboratory, "we need to change the 
basic operating principles of circuits by intro- 
ducing nanostructures." Shojiro Asai of 
Hitachi, for example, envisions replacing the 
electric charges of conventional semiconduc- 
tor memories with single atoms to make an 
"atomic memory" device. "If you remove an 
atom with an STM probe tip," he says, "the 
atomic hole could be used to encode one bit 
of digital information. It would be an ex- 
tremely compact information storage device." 
In theory, a 1-square-centimeter sudace, con- 
taining 1 quadrillion atoms, could store all 
recorded human knowledge. 

Another way around the 0.1 micron bar- 
rier, advocated by Jaw-Shen Tsai, a Re- 
search Manager of NEC's Advanced Device 
Research Laboratory, is the single-electron 
tunneling (SET) transistor, which exploits 
the very quantum effects that confound con- 
ventional circuitry. "By making the tunnel- 
ing junction smaller and smaller," he says, 
"eventually you can squeeze the current 
down to a regime where you start to influ- 
ence individual electrons.. . . You just can't 
make a smaller circuit than that." 

Both Tsai and Asai know that the practi- 
cal problems of such devices are legion. In 
atomic memory devices, for example, ther- 
mal expansion of the substrate material 
could shift the position of encoded informa- 
tion, making it difficult, if not impossible, to 
retrieve. "And even if you construct an SET 
circuit," says Tsai, "you still have to as- 
semble nanostructures around them and 
wire them into electronic devices." 

Transforming these concepts into working 
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