isiands of Growth

Working out a building code
fOor atomic structures

orget the architect. Throw away
F the blueprints. Dismiss the

workers. Instead, let bricks rain
down from the sky and assemble them-
selves flawlessly into the structure you
want to build.

Applied to the construction of an office
building, this strategy sounds absurd. In
the realm of atoms, however, such a proc-
ess may prove the
most efficient, least
costly way of fabricat-
ing the nanocircuitry
of the future.

Thanks to the ex-
quisite detail re-
vealed by scanning
tunneling micro-
scopes, researchers
have over the last few
years discovered
that surfaces churn
with activity during
crystal growth. When
deposited on a crys-
tal, atoms make con-
tact with the surface,
then migrate, meet,
and stick. They ar-
rive and diffuse ran-
domly, yet they often
end up settling into
particular patterns,
forming lengthy strands, distinctively
shaped islands, or arrays of steps, ledges,
and terraces.

“You wouldn't think that you could
build anything by random motion, but
you get structures with well-defined
shapes,” says Horia I. Metiu of the Center
for Quantized Electronic Structures at
the University of California, Santa Bar-
bara. “You can make thousands of is-
lands, all the same shape, and you can
repeat [the process] over and over again.”

Such observations have raised a host
of fundamental questions about how
crystal growth occurs. What are the fac-
tors that regulate the shapes of the struc-
tures formed by deposited atoms? How
are these shapes constructed? What are
the proofreading and editing mecha-
nisms that lead to nearly perfect struc-
tures? Can these growth processes be
controlled at the atomic level to create
specific features for electronic circuitry?

“There is a lot of interest in nanostruc-
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A simple computer model incorporating deposition, di
of atoms on a crystal surface generates ragged, branched structures similar to
those observed in the laboratory.

By IVARS PETERSON

tures,” says Klaus Kern of the Ecole
Polytechnique Fédérale de Lausanne in
Switzerland. “If you could manipulate
nature to build large numbers of these
structures for you, you could use conven-
tional techniques to explore their unique
physical and chemical properties.”
Deciphering nature's building codes
could point the way to nanoengineering.

oy

ern and his coworkers have
demonstrated that they can
control growth patterns on a

crystal surface by adjusting the rate of
atomic deposition and the temperature at
which deposition occurs.

For example, depositing silver atoms
on platinum at 40 kelvins creates small
clusters — each consisting of a pair of
silver atoms — scattered uniformly across
the platinum crystal surface. Thus, a low
temperature and a moderate deposition
rate lead to the formation of a large
number of small islands.

In contrast, at 110 kelvins and a low
deposition rate, silver atoms gather into
large, tenuous, intricately branched clus-
ters that sprawl over the platinum base.
In this case, an atom landing on the
surface can cover large distances to find a
partner. Pairs form early, and atoms
readily join existing pairs to create a few
large islands.

The creation of order out of random
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motion depends on the amount of energy
it takes for deposited atoms to move from
one place to another on agiven surface. In
general, the migration of a single atom on
a surface requires the least amount of
energy. Moving along the edge of an
atomic island or dropping down from one
step to another of a terraced landscape
requires more energy.
‘ Because the differ-
ences between these
energies is often
quite large, it's possi-
ble to find tempera-
ture windows for
which some atomic
motions occur and
others are practically
forbidden. By select-
ing appropriate tem-
peratures and depo-
sition rates, re-
searchers can influ-
ence the resulting
patterns.

“To control the
structure, you have to
find the temperature
window to get what
you need,” Kern says.

For example, a com-
plicated, branched
structure forms when
the temperature is set to allow only the
motion of single, isolated atoms. The
atoms simply stick wherever they first
make contact with an island. If such
islands are heated to higher tempera-
tures to allow atomic movement along an
island’s edge, their shapes become more
rounded.

Several groups of researchers have
found that deposited atoms can, under
certain conditions, form islands display-
ing very precise shapes. Such well-de-
fined patterns reflect different aspects of
the geometry of the underlying crystal
surface.

In one striking example, platinum
atoms deposited on a platinum surface
form equilateral triangles at 425 kelvins,
hexagons at 450 kelvins, and triangles
again (but in a different orientation) at
550 kelvins. “What’s interesting is that a
small change in temperature, which [cor-
responds to] a small change in the energy
of the atoms, can lead to totally different
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shapes,” Metiu says.

As reported in the Nov. 11, 1993 NATURE,
Kern and his group have also succeeded in
growing strands of copper, only one atom
wide, on a palladium crystal surface at
room temperature. Deposited copper
atoms automatically gather and align
themselves in a particular direction on the
surface to create the ultimate in thin wires.

“You just dump [the copper atoms], and
it takes less than a second to make those
wires,” Metiu notes.

o help explain how these struc-
I tures form, several groups have
developed computer models that
produce shapes like those observed in
the laboratory. In the March 3 NATURE,
Pablo Jensen of Claude-Bernard Univer-
sity (LyonI) in Villeurbanne, France, and
his collaborators at Boston University
describe a simple model that generates a
variety of branched structures.

In their simulations, particles land at
randomly selected positions on a check-
erboard surface. Then, at each time step,
a randomly chosen cluster of connected
particles moves one unit up, down, left, or
right. If two particles happen to end up
occupying adjacent squares, they stick.

“Our model allows one to distinguish
the effects of deposition, diffusion, and
aggregation,” the researchers report. “We
find that tuning the relative strength of,

for example, deposition and diffusion
generates a rich range of [shapes).”

Jensen and his collaborators are now
modifying their model to include the
motion of particles along the fringes of
islands. “Just by adding the probability
that a particle attached to another can
break away and continue to move, we get
compact shapes,” Jensen says.

Recently, Kern and his colleagues have
explored the slight changes in atomic
behavior that can yield a symmetrical
pattern reminiscent of a snowflake in-
stead of a ragged, branched structure. “It
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These scanning tunneling microscope
images show the formation of ragged
clusters of silver atoms on a platinum
surface (left) and copper “wires” just one
atom wide on a palladium surface (right).

comes down to a complicated interplay
between the rate of deposition and the
rate of diffusion along the borders of the
islands,” Kern says.

By taking advantage of the tendency of
atoms deposited on a crystal surface to
organize themselves into distinctive

structures, researchers have an attrac-
tive alternative to the time-consuming,
painstaking process of using a scanning
tunneling microscope to position atoms
individually to create a certain pattern
(SN:10/9/93, p.228). They can potentially
mass-produce dozens of copies in a frac-
tion of the time it takes to build a single
structure by hand.

Kern and his colleagues have found
that it’s possible to create a large number
of nearly identical atomic clusters simply
by heating up a surface already patterned
with islands of different sizes. During
heating, the atoms rearrange themselves
to form clumps containing roughly the
same number of atoms.

The availability of such well-defined
atomic clumps may make it possible to
study systematically how the physical
and chemical characteristics of clusters
depend on the number of atoms present.

“Crystal growth is important for a lot of
technology, but it’s still treated like a kind
of magic,” Kern remarks. “We really have
to understand on an atomic level all the
processes involved to control growth and
get the structures we want.”

“If you want to grow something, your
best bet is to go with what the atoms want
to do,” Metiu adds. “We are learning to
accept that crystal growth resembles a
construction site more than a riot. Per-
fectly random motion can lead to self-
organization.” t
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would visit and look at her with disgust and fear; the
stalwart Maximilian, a chocolate Lab, eyes, ears, and
companion to a blind and deaf woman; the lion Scrapper,
who died of a broken heart; the Pakistani frog who
became entranced by his reflection in a bathroom tile; the
Japanese ornamental carp called koi, kept by their owners
for the beautiful patterns they make in the pond, and the
raccoons and herons who regard the koi as lunch, not art;
and many, many more.
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and their Vegas act, on Wittgenstein’s lion and language,
and the animals of the Book of Job.
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for detail, a delicious wit, and a glorious appreciation for
the ineluctably individual in all creatures great and small.
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