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Chapter 1

The Hitchhiker’s Guide to
Nanotechnology

In This Chapter
� Finding out what nanotechnology is and how it will change your world

� Identifying the difference between real science and science fiction

� Investing wisely in the emerging nanotech industry — and still keeping your shirt

. . . necessity . . . is the mother of our invention.

from The Republic by Plato (c. 370 B.C.)

Welcome to the world of nanotechnology — technology capable of ful-
filling our every need (almost). It’s safe to assume that you know a

little bit about nanotechnology from picking up this book. However, you may
have a few unanswered questions. Maybe you’ve heard it described as “The
Next Industrial Revolution” on the news followed by some business commen-
tary. Maybe you’re a Will Smith fan and saw his 2004 movie I, Robot, where
“nanites” save the day, dismantling the main computer from the inside. Other
than a financial topic or clever plot device, what is nanotechnology (exactly)?
Do I need nanotechnology? Will I be able to cash in on a “nanotechnology
bubble” or will I lose my shirt as I did with the dot-coms? These are all fair
questions; we address each of them in this chapter.

Grasping the Essence of Nanotechnology
We start off this chapter by defining nanotechnology and showing you not
only the need but also the inevitability of this technology. We then go into
detail explaining what you can expect from nanotechnology. (Short, sharp,
and to the point — that’s our motto!)
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Finding out what it is
Nano, Greek for “dwarf,” means one billionth. Measurement at this level is in
nanometers (abbreviated “nm”) — billionths of a meter. To put this into per-
spective, a strand of human hair is roughly 75,000 nm across. On the flipside
of the concept, you’d need ten hydrogen atoms lined up end-to-end to make
up 1 nm. Figure 1-1 illustrates the differences in scale that range from you all
the way down to one hydrogen atom.

The definition
Nanotechnology can be difficult to determine and define. For example, the
realm of nanoscience is not new; chemists will tell you they’ve been doing
nanoscience for hundreds of years. Stained-glass windows found in medieval
churches contain different-size gold nanoparticles incorporated into the 
glass — the specific size of the particles creating orange, purple, red, or
greenish colors. Einstein, as part of his doctoral dissertation, calculated 
the size of a sugar molecule as one nanometer. Loosely considered, both 
the medieval glass workers and Einstein were nanoscientists. What’s new
about current nanoscience is its aggressive focus on developing applied 
technology — and the emergence of the right tools for the job.

When faced with a squishy term that can mean different things to different
people, the best thing to do is to form a committee and charge it with draw-
ing up a working definition. In fact, a committee was formed (the National
Nanotechnology Initiative) and the following defining features of nanotech-
nology were hammered out:

1. Nanotechnology involves research and technology development at the
1nm-to-100nm range.

2. Nanotechnology creates and uses structures that have novel properties
because of their small size.

3. Nanotechnology builds on the ability to control or manipulate at the
atomic scale.

Numbers 1 and 3 are pretty straightforward, but Number 2 uses the eyebrow-
raising term “novel properties.” When we go nano, the interactions and
physics between atoms display exotic properties that they don’t at larger
scales. “How exotic?” you ask? Well, at this level atoms leave the realm of
classical physical properties behind, and venture into the world of quantum
mechanics. David Rotman described this best in his 1999 article, “Will the
Real Nanotech Please Stand Up?” (published in the March/April edition of
Technology Review), when he quoted Mark Reed, a nanoelectronics scientist
at Yale University:

“Physical intuition fails miserably in the nanoworld . . . you see all kinds
of unusual effects.” For example, even our everyday electrons act unusual
at the nano level: “It’s like throwing a tennis ball at a garage door and
having the ball pop out the other side.”

10 Part I: Getting Small with Nanotechnology 
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You are here (1.75m)

Fly (1cm)

Limit of eye’s
ability to see

(10,000nm)

Nanoshell (100nm)

DNA width (2nm)

Carbon nanotube
width (1.3 nm)

Buckyball (1nm)

Hydrogen atom (0.1nm)

Virus (50nm)

Microelectromechanical 
systems (MEMS) 10-4 to 10-6)

E.coli bacteria
(2000nm)

Hair diameter (75,000nm)

Red blood cells (5000nm)

Transitor (90nm)

Visible color (400-700nm)

Quantum dot (5nm)

100m = 1m = 3.28ft

10-6m = 1,000nm = 1 micron

10-1m

10-2m = 1 centimeter

10-9m = 1 nanometer

10-10m = 0.1nm

10-4m

10-5m

10-7m

10-8m

10-3m = 1,000,000nm
          = 1 millimeter

Figure 1-1:
Size comp-

arisons,
from you

(1.75 meters,
or approx-

imately 5 ft.
7 in.) all the
way down

to the
hydrogen

atom 
(0.1 nm).
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Need another concrete example? Check this one out. It is demonstrably true
that a gold nanoparticle has a color, melting point, and chemical property dif-
ferent from those you’d find in a macro-scale Fort Knox gold brick. That’s
because the interactions of the gold atoms in the larger gold brick average
out — changing the overall properties and appearance of the object. A single
gold nanoparticle, on the other hand, can be its own idiosyncratic self — a
tiny object, free from the averaging effects of countless other gold atoms.

The applications
Nanotechnology is, at heart, interdisciplinary. You’ll get only part of the story
if you just use chemistry to get at the properties of atoms on the nano level —
adding physics and quantum mechanics to the mix gives you a truer picture.
Chemists, physicists, and medical doctors are working alongside engineers,
biologists, and computer scientists to determine the applications, direction,
and development of nanotechnology — in essence, nanotechnology is many
disciplines building upon one another. Industries such as materials manufac-
turing, computer manufacturing, and healthcare will all contribute, meaning
that all will benefit — both directly from nanotechnological advances, and
indirectly from advances made by fellow players in the nano field. (Imagine,
for example, quantum computers simulating the effectiveness of new nano-
based medicines.)

There are two approaches to fabricating at the nano scale: top-down and
bottom-up. A top-down approach is similar to a sculptor cutting away at a block
of marble — we first work at a large scale and then cut away until we have our
nano-scale product. (The computer industry uses this approach when creating
their microprocessors.) The other approach is bottom-up manufacturing, which
entails building our product one atom at a time. This can be time-consuming,
so a so-called self-assembly process is employed — under specific conditions,
the atoms and molecules spontaneously arrange themselves into the final
product. (Self-assembly is described further in Chapter 8.)

Some science-fiction plots — they know who they are — revolve around this
self-assembly concept, conjuring up plot lines infested with tiny self-replicating
machines running amok. (For a closer look at this far-fetched notion, see the
“Welcome to Nano Park” sidebar in this chapter.) For the near-term, it looks
like the top-down approach will be favored because it tends to provide us
with greater control (and, more importantly, it uses some time-tested tech-
niques of the computer industry). If we were betting men — which we are
not, because as men of science we know that the House always wins — we
would venture that the top-down approach will be the fabrication method of
choice for quite awhile.

12 Part I: Getting Small with Nanotechnology 
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The history
The word “nanotechnology” proper was coined by Nario Taniguchi in 1974 to
describe machining with tolerances of less than a micron. But this really isn’t
the term’s true beginning. Three noteworthy events and discoveries got this
ball rolling — all by Nobel laureates (and when a Nobel Prize winner says
something, you listen . . . and try to understand).

� The Vision: In 1959, Caltech physicist Richard Feynman gives his famed
talk “There’s Plenty of Room at the Bottom,” outlining the prospects for
atomic engineering. (To read the talk in its entirety, check out www.its.
caltech.edu/~feynman/plenty.html for a handy transcript.)
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Evolving into Nanotech
If you take a look at the world around us, you’ll
notice that nature herself designs at the molecu-
lar level. Nanotechnology intends to imitate
nature by taking advantage of the unique proper-
ties of nano-scale matter to come up with more
efficient ways of controlling and manipulating
molecules. With technology, smaller is better. If
you take a look at technical evolution, you’ll
notice that we’re continually getting smaller —
computers the size of a room in the 1950s now fit
on your lap; cellphones the size of a brick in the
1980s now fit in your shirt pocket. Consumer con-
venience, the economics of resources and com-
petition, and the advantages of faster processing,
higher productivity, and better quality all play a
part in motivating companies to go small.

Technology is not only getting smaller, it’s also
evolving faster. As new technologies develop,
we build upon previous knowledge. Thanks to
the Internet, this knowledge base — and rate of
information exchange — is increasing rapidly.
To illustrate this evolution of technology, check
out the evolution of electrical components: from
the vacuum tube to the solid-state transistor to
the carbon nanotube field effect transistor.

� Vacuum Tube (1897): This was the ancestor
of the transistor, essentially a light bulb with
three, instead of two, terminals. It was
large, hot, and prone to burning out.

� Solid-State Transistor (1947): Instead of
using a filament, the solid-state transistor
switches between On and Off using differ-
ent materials — metals and semiconduc-
tors. This let us come up with transistors
that were smaller in size, didn’t give off as
much heat, and were far more durable.

� Carbon Nanotube Transistor (1998): A carbon
nanotube (refer to Figure 1-1) — a graphite
sheet rolled into a tube — comes in two main
forms, metallic and semiconducting. The
carbon nanotube was discovered in 1991 and
within only seven years, was used for shut-
tling electrons across two electrodes. Not
only is it incredibly small (nano-scale), but it
also uses less energy and gives off less heat
by using few electrons to indicate whether
it’s on or off. (For more on carbon nanotubes,
see Chapter 4.)

It took 50 years to get from the vacuum tube to
the first solid-state transistor — and another 50
years of refinement to get solid-state transistors
to be all they could be. But when we’d devel-
oped the needed tools and understanding, it
only took seven years from the discovery of the
carbon nanotube to turn it into what may be the
ultimate transistor.
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