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DeveLoring THE WoRLD's SmaLLEST TRANSISTOR

Just when you thought cell phones couldr't (er shouldn't] get ary smaller, Paul Bergstrom predicts that pretty soon you'll
be shpping one into your wallet glongside your dnver's hoerse, 7l can see the day when ozll phones are as thin as a credit
card,” says Bergstrom, an associats professor of elzctrical and computzr enginzering.

Bergstrom 15 working on developing nanoscale eectronic dewces. [Es not just 3 matter of making things Litkler They
will also be able to do far more, or, as Bergstrom says, "They can be intzgrated in smaller packages with s great deal mare
functionality.”

To accomplish this, Bergstrom s working on deweloping the smallest transistor ever: a single eectron transistor. "It
could open up whole new aspects of electronics,” he says. "A single electron transister & a quantum device—it has very
peculiar behavior”

The transistar is about 40 nanemsters across. Line up 8000 of them
and they'd be about as long @5 a hurman hair is wide. And on =ach tran-
sistor 15 @ series of quantum dots. "Each dot is a 30 hemisphers less than
10 nanometers across,” Hergstrom explaires. "Electrons can be contral-
lably trapped on that dot.”

Irarsstors work by contralling the How ot electnc current wsing a

control electrode called a gate, functioning much like a water faucet,
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creating the zeres and ones upon which all digital life d=pends.

Uuantum dots could change all that By mamipulating the
potential ensrgy of the electrons on =ach dot, "you could have
multiple levels ot logic,” Bergstrom said, not just on or otf.
"Instead of having zero and one only, you could have z2m,
one, and two, or 2zro through three, and so torth,” he said
The capability of digital elzctronic devices would incress=

signihcantly,
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That said, these nano-trarsistors have one minor drawback. They only work at nano-temperatures, "We have to cool

them to less than 4 degress Kehon,” Hergstrom says. "lhat's accomplished by immersing themin iquid helum. | he colder

they are, the mare tractable electrons become Moving them arcund precisely at warmer temps is a big hassle”

With furding from the Microsystems
Techriology Office of the Deferse Advanced
R=search Projects Agency and the Arey
Research Lab, Bergstrom and his team are
working to make single electron transistors that
work at room temperature, Hesults 1o date have
been encouraging.

“Ihe farmation ot these ultra-small quan-
tum daots is very difficult,” Bergstrom said,
“We're trang to engineer them with & fooused
ion-beam etching tool, to put each particls
exactly where 1t should b2 "lhis 15 an area with
great potential,” he added. "It could open up

whale new aspects af the electronics industry.”
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