
Computers grow smaller
each year. Portions of

food at fine restaurants
likewise. Even the U.S.
deficit is shrinking. So why
not that die-hard of the in-
dustrial age, the machine?

We’re not talking a little
smaller, or even a lot small-
er. As reported in the Janu-
ary/February Bulletin, re-
searchers at Sandia Nation-
al Laboratories have creat-
ed tiny microelectro-
mechanical systems, or
MEMs, smaller than a grain
of sand and capable of per-
forming a variety of tasks.
Some can spin wheels as
small as .3 millimeters at
350,000 revolutions per
minute. Others are
equipped with mirrors or
motors on the same scale. 

One problem yet to be
solved, however, is scaling
down a suitable power sup-
ply. So far, no effective so-
lution exists.

Not all MEM technolo-
gy—also known as nan-
otechnology or microme-

chanics—needs power. The
sensing devices used in au-
tomotive airbags, for exam-
ple, just hang around wait-
ing for something to hap-
pen mechanically. Other
devices, however, require a
jolt of power, and since
even a hearing aid battery
might be thousands of
times larger than the ma-
chine itself, finding suitable
power sources has turned
into one of the biggest 
challenges faced by MEM
designers.

Researchers at the Uni-
versity of Wisconsin believe
the answer lies in nuclear-
powered batteries so small
they could be lined up on a
human hair. The Energy
Department seems to
agree, and in July it award-
ed the university a
$450,000 grant to study the
technology. 

Although researchers
elsewhere are looking into
using fossil fuel or fuel cell
technology to solve the
MEM power issue, James

Blanchard, an associate
professor of nuclear engi-
neering, believes the power
density and longevity of ra-
dioactive materials—al-
though he preferred not to
mention which ones they
plan to study—gives them
an advantage over other po-
tential sources. 

The Wisconsin study will
investigate ways of turning
the natural decay of ra-
dioactive materials—either
by directly harnessing the
particles emitted from a ra-
dioactive source, or by
using the heat they pro-
duce—into electric current.
In theory, the batteries
could be similar to the fist-
sized nuclear batteries used
on some space missions.
Blanchard’s department
plans to have prototypes
sometime next year. 

“If you have a device like
a grain of sand, you obvi-
ously want a power source
that gives you the most
power output for the size of
fuel. For that, you cannot
get better than nuclear
power. It has the best
power density available,”
Blanchard told The London
Times.
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But could the battery for
a future surgical device or
automobile monitoring sys-
tem be a mini-Chernobyl
waiting to happen? 

Not a chance, Blanchard
told the Bulletin. “We’ve
been comparing the radia-
tion level to that emitted by
a smoke detector.” And
since the batteries would
not rely on nuclear fusion
or fission, only decay,
there’s no chance of an 
explosion.  

Once developed, the bat-
teries still won’t have
enough juice to power even
a small consumer device.
The power output, Blan-
chard continued, “will be
quite small—from mi-
crowatts to milliwatts,
somewhere in that range—
but we’re turning small lit-
tle gears so we don’t need
much power.” 

There’s a real need for
these batteries, according
to Paul McWhorter, deputy
director for microsystems at
Sandia National Laborato-
ries. “One of the biggest
challenges with these mi-
cromachines is building au-
tonomous systems that are
self-contained.

Sandia’s micromechanical (MEM) locking device fits on the head of
a pin but can still prevent unauthorized access to a computer.
Shown here is a 24-bit “maze,” which can only be traversed for-
ward. Unauthorized users cannot go back if they make a mistake.
(www.mdl.sandia.gov/micromachine)

Nano nukes for micromachines?
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“Today, even if you have
everything small, you still
have two leads coming off
for the power. The chal-
lenge is how to shrink the
power source to a usable
size,” he said. 

But power sources don’t
scale down well since their
output is primarily a func-
tion of volume. Nuclear
materials, on the other
hand, have the high energy
density needed at small
sizes, although McWhorter
wondered if the public is
ready to have small bits of
radioactive materials spread
throughout their microsys-
tems. Even though the
amount is minuscule, it
would still take “lots of edu-
cation before the public is
ready for nuclear batteries,”
he said. 

The benefits could be
enormous. “The real power
is that we can make very
complex systems at a very
low cost,” he said. For ex-
ample, a micromechanical
system that costs tens of
thousands of dollars to
manufacture conventionally
might only cost a dollar or
two when manufactured as
a MEM, which is created
much the same way as a mi-
crochip. However, instead
of forming the silicon into
millions of transistors, as
you would with a computer
microchip, MEM technology
allows you to create gears,
motors, mirrors, and other
parts that can move. 

Developing a practical
power supply for all these
MEMs “is a really interesting
and relevant area of re-
search,” McWhorter con-
cluded. “You’re going
against some very funda-
mental scaling laws. It’s like
running a truck with a rub-
ber band, so this research is
a real need for a very tough

problem.”
But the lack of micro-

sized power sources hasn’t
stopped the spread of MEM
technology. According to
McWhorter, current MEM
devices are found most
often in inertial measure-
ment chips that measure
motion and position. 

“In effect it is a chip that
knows where it is,” he said,
and you’ll find them in au-
tomotive airbags and sen-
sors as well as computer
input devices, especially
gaming controllers. 

Many high-end video
projection systems also
have a MEMs chip at their
heart, such as the one made
by Texas Instruments that
sports a million fluctuating
mirrors to project an image
on a screen. Even
the little device in
an inkjet printer that
spits ink onto a page
is a micromachined
device, McWhorter
noted, “so most peo-
ple already own mi-
cromachines and
don’t know it.”

In the same way
that the integrated
circuit industry has
replaced costly
printed circuit
boards with inex-
pensive microchips,
McWhorter believes
that MEM technology
is the next step in
the silicon revolu-

tion, one that will not only
allow chips to “think,” but
also to “sense, act, and
communicate.” Recent
studies by Systems Plan-
ning Corporation, accord-
ing to information provided
on Sandia’s web site, esti-
mates the market for intel-
ligent micromachine-based
systems to be around $100
billion a year.

Another advantage of
MEMs is that at the micro
level a different set of
physics applies to moving
objects, said Bill Trimmer,
president of Belle Mead
Research. Although surface
forces such as friction and
electrostatics loom large—
and are a main obstacle
faced by researchers—

gravity and inertia are no
longer significant. Consider
how an ant can carry sever-
al times its own weight, or
how a water bug can walk
on water, and the physics of
the micro world begin to
come into focus. 

“As things become small-
er their mass decreases dra-
matically,” he said, “so small
things tend to be very 
robust.” 

“The applications are re-
ally exploding,” he said.
“Many are still being
worked on, but soon we’ll
be seeing them every-
where.

“Take endoscopic and la-
paroscopic surgery,” he
noted, describing a MEM
system that could be insert-
ed into a patient through a
biopsy needle or tiny inci-
sion and that would allow a
surgeon to get tactile feed-
back from inside the pa-
tient’s body. 

“And just imagine the ap-
plications for information-
gathering,” he said. “You
would be able to have bugs
smaller than a bug.”

—Bret Lortie

“I was a 24-hour virus, but thanks to antibiotics, 
I’m now a 48-hour virus.”


