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Abstract. Much of the hype around nanotechnology relies on the notion that it is
novel and revolutionary. A large part of that in turn relies on the purportedly revolu-
tionary ability of the Scanning Tunneling Microscope to manipulate individual at-
oms. However, novelty always involves a comparison of similarity and difference
with what came before. Furthermore, the novelty of the STM was negotiated and re-
negotiated from the very beginning — just as the nature of nanotechnology continues
to be negotiated to this day. The history of the STM sheds light on the role of prom-
ise and hype in science in general and directs our attention towards science in the
public sphere.

1. The Etymology of Nano

In our culture, the negotiation of novelty is commonplace. Patenting, for example, is a
process to decide what counts as novel. Innovations are compared against predecessors and
consequential decisions are made on the basis of similarity and difference. The same is true
of the Nobel Prizes. One might even argue that all arguments can be recast as a negotiation
of similarity and difference.

Nanoscience and nanotechnology are often claimed to be novel and also often
claimed to not be so. In this paper I want to outline the history of nano with respect to the
ongoing negotiation of its novelty. The Oxford English Dictionary is a useful first port of
call for this kind of endeavor: The first use of the word was already in 1974 but in an ob-
scure publication, the Proceedings of the International Conference of Production Engi-
neers. The second recorded use is Eric Drexler’s 1986 Engines of Creation, and that is of
course the most important locus because this book was widely read. After 1986, one can see
the word spread to publications with large readerships: The New Scientist, the Times Higher
Education Supplement, the Washington Post, the Sunday Times, and Nature.

Drexler’s Engines of Creation is a tremendously successful book, written in an upbeat
tone of voice painting a rosy future of tremendous technological ability. Drexler argued that
we can now build structures on the nanoscale, meaning that we can move and combine at-
oms and molecules as we do with Lego™-blocks, as long as the resultant molecules are
energetically stable. We can build molecules that have similar functions as the DNA-RNA-
protein system found in nature, that is to say our new molecules may be engineered so as to
be parts of a self-reproducing system. From this will flow new materials, new drugs, new
information technologies, new human tissues, new just about everything. In the introduc-
tion to the book, Marvin Minsky, Professor at MIT (and so a credible individual in matters
technical), emphasized that Drexler’s vision was not fanciful but based on a thorough
knowledge of the current science and technology. The vision was compelling for two rea-
sons. 1) The tool for moving individual atoms, the scanning tunneling microscope (STM),
became well-known at just this time — it received the Nobel Prize in the same year that En-
gines of Creation was published (1986). 2) The combination of molecular biology, the in-
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cipient human genome project, and the understanding of biochemical pathways made it
feasible that a slightly different ensemble than the DNA-RNA-protein one could be pro-
duced and have the same kind of tremendous power as life. Much of Drexler’s book thus
addresses the issue of figuring out what kinds of molecules we would want to assemble
given our knowledge of molecular biology and biochemical pathways, and how to ensure
that the research would be beneficial. At the very same time, in the mid-1980s, the field of
artificial life came into being (Helmreich 2000; Fox-Keller 2002, pp. 269-76). Nano and
A-life are natural bedfellows: one predicts new forms of life created in the laboratory, the
other simulates new forms of life on the computer. Both make the creation of new forms of
life in the laboratory seem less fanciful.

So, much of the feasibility of the vision depended upon the feasibility of the STM’s
purported control over individual atoms and upon the feasibility of alternative forms of life.
And the novelty of Drexler’s vision traded upon the novelty of the STM and A-life. In this
paper I will focus upon the novelty of the former. As ever, this was negotiated and renego-
tiated.

2. The Scanning Tunneling Microscope

What is an STM and how does it work? It was described in the following way in Scientific
American (Figure 1).
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Figure 1: Scientific American’s depiction of the STM in 1985, cf. Binnig & Rohrer 1985, p. 53.
Courtesy of Ian Worpole and Scientific American Magazine.

A very fine needle is brought very close to a sample surface, for example a crystal surface
whose structure is to be examined. When very close, electrons might jump across the gap
from sample to tip; especially if an electrical potential is applied (e.g. by connecting the tip
to a battery and the sample to earth). The jump across the gap is explained within quantum
mechanical theory by the phenomenon of tunneling. The electrons tunnel through the vac-
uum despite the classical, non-quantum mechanical theory predicting that they do not have
the energy to surmount the obstacle provided by the vacuum. The tunneling electrons
amount to an electrical current that can be measured with great precision. Quantum theory
predicts that the tunneling current is very sensitive to the distance between tip and sample:
proportional to the inverse of the distance squared. If one scans the tip across the surface,
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the distance between tip and sample will oscillate and so will the current. The correlation of
tip position and current can thus be used to produce an image on the computer screen giv-
ing a rendition of the topology of the sample surface.

The STM was invented by Gerd Binnig and Heinrich Rohrer at IBM Zurich in 1981.
Their very first paper was concerned with a tunneling microscope (Binnig et a/ 1982a).
They argued that they were able to reduce the distance between probe and surface to the
dimensions of a single atom. The proof of this lay in the tunneling current measured (in-
versely proportional to the distance squared, a proportionality that is theoretically explain-
able only with the quantum mechanical notion of electrons tunneling across the vacuum
between probe and surface). The main point here is that they relied on quantum mechanics.
They themselves highlighted the fact of atomic resolution (Binnig et a/ 1982b, emphasis in
original): “Surface microscopy using vacuum tunneling is demonstrated for the first time.
Topographic pictures of surfaces on an atomic scale have been obtained.”

3. The Holy Grail of Atomic Resolution

In order to understand this, let us examine the significance of the term “atomic resolution”
for the audiences that Binnig and Rohrer addressed. With some hyperbole one might say
that atomic resolution had been the holy grail in the natural sciences for at least a hundred
years. 19™-century scientists developed a language based on atoms as elementary building
blocks with which all sorts of analytical and industrial chemistry was carried out. The con-
cepts of the atom and of Mendeleev’s elementary table were tremendously useful. But it
was agreed that there was no direct evidence of atoms and many scientists developed a
pragmatic attitude, dismissing all discussions of atoms as metaphysical — beyond measure-
ment, beyond our ken (Nye 1984). In the early 20" century, much experimental evidence
emerged with radioactivity and x-rays. The visible tracks made by alpha particles in cloud
chambers were very powerful (Galison 1997), and atom-talk became kosher once more.
William Henry Bragg, for instance spent much of his career popularizing such talk, lectur-
ing on BBC radio and at the Royal Institution on individual particles flying through a gas
(Bragg 1925). He also spent much time developing x-rays as an analytical tool in crystal-
lography (Andrade 1943). A broadside of x-rays will be deflected at a crystal surface, and
the many deflected waves combine to produce a pattern on a photographic plate. The power
of X-rays lay precisely in their atomic resolution: they yielded information on the average
distances between atoms in the crystal lattice. Many similar techniques were developed to
explore surfaces, especially with the growth of the semiconductor industry in the 1950s and
‘60s (Duke 1984). Scientists used light, electrons, or ions of all kinds of wavelengths or
energies shooting at all kinds of angles at the surface, sometimes measuring the particles
transmitted through the target, sometimes those reflected back. Knowledge of the structure
of semiconductor surfaces was obviously of tremendous financial importance and so this
armory of techniques became large and very sophisticated. The same techniques were used
to examine metallic surfaces for which there was also tremendous industrial interest.

4. The Novelty of the Scanning Tunneling Microscope

So, by the early 1980s, there was a large, if diffuse, social grouping of surface scientists,
united by an understanding of, and a commitment to, an array of techniques yielding infor-
mation about surfaces, often with atomic resolution, but always averaged over many atoms.
In the following years, Binnig and Rohrer worked also to explain just what constituted the
novelty of their new instrument. In the abstract of one paper (Binnig & Rohrer 1982) they
referred to “unprecedented resolution in real space on an atomic scale” (real space in con-
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trast to the conceptual “reciprocal space” used with diffraction techniques). They now ex-
plain: “The usual experimental methods to investigate surface structures (e.g. LEED, atom
diffraction, ion channeling) are indirect in the sense that ‘test models’ are used to calculate
the scattered intensity profile which is then compared with the one measured. In addition,
these methods usually require periodic surface structures. The STM, on the other hand,
gives 3d pictures of surface structures direct in real space” (Binnig & Rohrer 1982, p. 730).

Binnig and Rohrer not only advertised their new instrument to a busy but potentially
interested audience, they also had to convince them that they were credible. Some scientists
directly accused them of fraud and some reviewers rejected their papers. A knee-jerk reac-
tion of many scientists was that the resolution of an individual atom was impossible, due to
the uncertainty principle, a fundamental tenet of quantum mechanics. The fact that the
quantum mechanical effect of tunneling was centrally involved will have given scientists
the immediate association of quantum mechanics and its somewhat different laws for the
atomic length scales. The uncertainty principle may be explained in the following way. If
one were to determine the position of an individual atom, then one could send out light (a
photon) which, if impinging upon the atom, would change direction. The deflection of the
photon would yield information about the atom’s position, but unfortunately the deflection
of the photon entails the slight movement also of the atom. Thus, some uncertainty will
always remain about such issues as the position of individual atoms. Most scientists learn-
ing quantum physics will learn about the uncertainty principle with examples such as the
one just given. Nowadays STM users will learn that the uncertainty principle does not apply
for the case of atoms embedded in a solid and that the examples used to explain the uncer-
tainty principle apply only to free atoms. In other words, while the photon might nudge the
atom, the neighboring atoms will push it back into place. But in the early 1980s, the audi-
ence will have consisted of many busy scientists whose knee-jerk reaction when hearing of
atomic resolution of individual atoms was to dismiss it.

Some scientists will also have had much investment in the existing techniques and
have been reluctant to accept a new one that might render their expertise obsolete. Surface
scientists and crystallographers were, generally speaking, proud of their facility to think in
terms of both real and reciprocal space. And so Binnig and Rohrer needed to build up their
own credibility. For instance, they needed a convincing theory based on quantum mechan-
ics explaining the tunneling process. According to this theory (developed in 1983 and 1984)
it is not just a question of “feeling” the topography of the surface but rather a result of the
overlap of electron orbitals of the tip and sample atoms with the greatest proximity (Tersoff
& Hamann 1983, Garcia et al 1983, Garcia et al 1984). The bottom line is that STM meas-
urements require interpretation according to a theoretical model, and that it is not immedi-
ately obvious which model is the most appropriate. On top of all this, it is difficult to get
the STM to work properly: proficient users will tell you that it might measure junk for
hours and then suddenly yield sensible information. (This phenomenon, so the explanation
goes, is due to the chance placement of an atom on the tip that gives it the required sharp-
ness. That is to say, when scanning across the surface very closely, a surface atom might
jump from the surface to the tip and sit in such a way as to jut out and give the tip the de-
sired sharpness.)

All of this means that other scientists had plenty of reason to dismiss Binnig and
Rohrer’s results, and one might expect that those with a career invested in existing tech-
niques would feel threatened by an instrument promising markedly better performance.
Many surface scientists thus had both the motivation and the arguments to reject the STM.
The politic reaction of Binnig and Rohrer was of the kind: ‘okay guys, it’s not that novel,
really — relax and give us a break’ (Binnig & Rohrer 2001; the accusations of fraud are also
discussed in Binnig 1989).
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They wrote (cf. Figure 2): “we understand the STM as a complement to present mi-
croscopy rather than a competitor. For many applications, the STM is best used in combina-
tion with another microscope” (Binnig & Rohrer 1982, p. 734). And indeed everyone used
the STM in conjunction with another microscope. The proficient new STM user was able to
discern obvious noise from a proper measurement by comparing the result with that ob-
tained from another tool.

The evidence yielded by the STM is mediated through quantum theoretical under-
standing and a profound pre-existing understanding of surfaces. (For the importance of the
pre-existing understanding of surfaces, cf. Steensgaard 2001.) And importantly, the novelty
of the STM was negotiated: at times it was emphasized, at times downplayed. The novelty
sometimes focused on the atomic resolution but it didn’t have to. For example, the AFM,
the sibling of the STM and much more widely used, does not yield atomic resolution. The
utility of the instrument doesn’t require atomic resolution. But symbolically, atomic resolu-
tion mattered greatly — comparing it to the holy grail is not too much of a hyperbole, after
all.
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Figure 2: The resolution of various microscopic techniques in 1982. The shaded area is the reso-
lution that the STM was capable of, SEM refers to the Scanning Electron Microscope, FIM to
the Field Ton Microscope and so on (Binnig & Rohrer 1982, p. 734). Courtesy of Birkhduser
Publishers Ltd.

As always, a new technique becomes credible only when replicable (Collins 1985, esp.
chapter 2, “The Idea of Replication”, pp. 29-49), and it took years for an STM to be built
successfully outside IBM Zurich. Other IBM labs came first and by 1985 there was a small
community of STM users. At this point, Scientific American picked up the story. Binnig
and Rohrer wrote the article jointly with the staff of Scientific American. The staff of course
knew how to address a broader audience than just the surface science community, and so
the language shifted importantly. The new kind of microscope enables one to “see” surfaces
“atom by atom”. The article also advertised the instrument’s versatility: it “may extend to
investigators in the fields of physics, chemistry, and biology”.

The next year, 1986, was the STM’s breakthrough year. Binnig and Rohrer received
the Nobel Prize, and Eric Drexler published his influential Engines of Creation that also
popularized the notion of nanotechnology. Drexler does refer to the STM, but not centrally.
The manipulation of individual atoms is pretty much taken for granted, and he focuses
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much more on the implications of that purported ability, thus shifting the discourse towards
artificial life and the creation of alternative life forms.

5. The Hyping of the Scanning Tunneling Microscope

The story of the scanning tunneling microscope and its new siblings (collectively called
scanning probe microscopes, or SPM) after 1986 primarily went off in the direction of im-
mediate utility that is discussed by Cyrus Mody (in this volume). One might posit a contin-
ued disconnect between the actual work done with SPMs and the LEGO™-style construc-
tion of life-like molecular systems at the foundation of the Drexlerian vision. Even the his-
torian of science, Jed Buchwald has contributed to this disconnect by rendering an illustra-
tion of “Zippenfeld’s amazing atomic etcher”, purportedly for touching up the family’s
greeting cards (Buchwald 2000, p. 205). The illustration is unreferenced and Buchwald in
fact made it up himself (Buchwald 2003).

One event has enhanced this disconnect more than others: IBM employees’ media
stunt, writing IBM with individual atoms (Eigler & Schweizer 1990). They used “the STM
at low temperatures (4K) to position individual xenon atoms on a single-crystal nickel sur-
face with atomic precision. This capacity has allowed us to fabricate rudimentary structures
of our own design, atom by atom ... the possibilities for perhaps the ultimate in device
miniaturization is evident.” The paper made it straight to the front page of the issue of Na-
ture in which it was published. The reason for its media success was of course its relevance
for the Drexlerian promise/hype. It is of methodological advantage to talk about prom-
ise/hype, to retain a Janus-faced ambiguity and not decide in advance whether nanotechnol-
ogy will succeed or fail (Latour 1987, p. 4). The nature of the promise requires no further
explication at this point, whereas the nature of the hype does.

First of all, the IBM experiment worked only at 4K, an extremely low temperature,
and at high vacuum. One of Drexler’s points was that we would only be able to assemble
energetically stable molecules, and IBM’s surface with patterns made by xenon atoms is
not energetically stable except at these low temperatures. Furthermore, Eigler et al. were
able to move atoms laterally on a surface, which is rather different from assembling a three-
dimensional molecule — DNA, RNA, and proteins are of course not flat. In a word, there is
a tremendous disconnect between moving xenon atoms on a surface at 4K, if that is what
Eigler actually does, and building large complex bio-molecules LEGO™-style. Xenon,
after all, is an inert gas, meaning that it prefers not to bond chemically. Nudging along an
atom that skates on the surface without any propensity to engage with the substrate is com-
paratively easy; picking up a chemically active atom and placing it somewhere in a huge
chemically active three-dimensional molecule is completely different.

Don Eigler has continued to popularize this experiment. Visitors may experience the
set-up at IBM’s Almaden Research Center in San Jose, California, and a virtual art gallery
of STM-renditions of xenon atoms on a nickel surface has come into existence. In 1996,
Charles Siebert “flew across the country to move an atom” and to write about it in the New
York Times. That he had to fly from New York City to San Francisco indicates that we are
not talking about an experiment that has proliferated greatly. Others have written or drawn
other words and images with a similar set-up, but this technique is not being worked on for
industrial application. Siebert ignored, and perhaps didn’t even understand, the mediated
nature of his movement of single atoms. All he did was to “nudge around a single atom of
the element xenon, to pick it up and put it back down, to will that atom where I wanted”.
There’s no talk of a hand using a mouse in coordination with an image on a computer
screen, and still less talk of what goes into the making of that image (Siebert 1996). Eigler’s
program for moving the atom with the mouse even has a chirpy sound, when the atom falls
into place, just as LEGO™-bricks click when slotted together (Mody 2003). Even more
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than the Scientific American article of 1986, articles like Siebert’s elide the disconnect. Ob-
viously, promise/hype sells better than pedantic arguments.

But it is precisely the elision of the pedantic argument that is of interest here, the eli-
sion of the differences between atomic resolution, atomic manipulability, and the ability to
assemble self-replicating molecular systems LEGO™.-style out of individual atoms. The
word nanotechnology focuses our attention on the nanoscale, the scale of atoms, and this
term covers a multitude of sins. Nano is simultaneously scanning probe microscopy, Eigle-
rian atom nudging and Drexlerian hype.

6. Science Fiction

In a very interesting article, Colin Milburn has disclosed the close relationship between
Drexler’s arguments and the genre of science fiction. Science fiction is identified by the
narratological deployment of a novum — a scientific or technological innovation extrapo-
lated from present-day realities — that entails a change in the whole universe of the tale.
“Science fiction assumes an element of transgression from contemporary scientific thought
that in itself brings about the transformation of the world. It follows that nanowriting, in
positing the world turned upside down by the future advent of fully functional nanomachi-
nes, thereby falls into the domain of science fiction” (Milburn 2002; reference is made to
Suvin 1979, pp. 64 and 75; nanowriting is Milburn’s term for popular and professional
writing about nanotechnology).

Milburn shows that Engines of Creation is composed of a series of science-fictional
vignettes, providing a veritable checklist of science-fictional clichés. He finds the same
elements in the technical writings of Ralph Merkle, Markus Krummenacker, Richard
Smalley, Daniel Colbert, Robert Freitas, Jr., J. Storrs Hall, “and other prophets of the nano-
future [...] Matter compilers, molecular surgeons, spaceships, space colonies, cryonics,
smart utility fogs, extraterrestrial technological civilizations, and utopias abound in these
papers, borrowing unabashedly from the repertoire of the twentieth-century science-
fictional repertoire”. Milburn even shows that Feynman’s famous 1959 lecture “There is
plenty of room at the bottom”, which is routinely deployed as an origin myth, belongs in
the same category. It too is structured in a series of science fictional vignettes and it too
draws on science fiction themes of its time (ibid. pp. 282-4).

The genre is visible in official literature too, for example in that of the munificently
endowed National Nanotechnology Initiative — witness its brochure Nanotechnology: Shap-
ing the World Atom by Atom (NNI 1999) the main author of which seems to be [van Amato,
an author who has also written a book extolling the virtues and promise of materials re-
search (Amato 1997). Drexler himself has institutionalized his bolstering role with the
foundation of the Foresight Institute (http://www.foresight.org). There can be no doubt that
the promise/hype of a Drexlerian vision has helped direct funding in a certain direction.

7. Technological Futures

Lest this sound like a dismissal of the promise/hype surrounding nanotechnology, I want to
finish with some remarks on the general role of utopian visions in science and technology.
In a book entitled, Imagining the Future, Joseph Corn has assembled half a dozen histories
of technological promise/hype (Corn 1986). There is for example a story about the early
discourse on x-rays for therapeutical purposes (where the promise was to eliminate disease
tout court), the electrical home (to eliminate domestic labor), or nuclear power (to eliminate
war and even social strife). In the epilogue, Corn sums up the imagined technological fu-
tures as each fitting at least one of three fallacies. The first is the fallacy of total revolution;
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that a new technology was expected to herald tremendous change whereas the change in
fact turned out to be less significant. The second fallacy is that of social continuity; whereas
in fact all new technologies altered the society into which they were introduced. The third is
the fallacy of the technological fix or the expectation that the new technologies would
strengthen the values of old existing social patterns, whereas they turned out to introduce
novel and unintended ones. The Drexlerian vision certainly heralds revolutionary change,
and it talks only about the technological changes in store, ignoring and thus not expecting
attendant social changes. And the latter part of Engines of Creation discusses how to set up
an institution of oversight to ensure that the nanotechnological revolution brings only what
we desire and none of the technological nightmare conjured up by, say, Prey (Crichton
2002)." In this sense, the Drexlerian vision seems to conform to other technological visions.

But why should technological visions have to come true? Their purpose is not to pre-
dict but to enroll. They invite other researchers to jump on the bandwagon by depicting an
exciting and fruitful field. Whether or not the visions are related to science fiction does not
really matter, except to the extent that they help and hinder the political project of bringing
allies together. The genre of science fiction explores just what will cause broad excitement,
and as such it provides a natural resource for promise/hype. But it is clearly a double-edged
sword, especially because of the term “fiction”. Much of the discourse around Drexler ne-
gotiates the proper boundary of reality and fiction. This is Milburn’s main concern, along
with his argument that the difficulty of maintaining that boundary contributes to a post-
modern breakdown of hitherto established identities. At the same time, this negotiation is
simultaneously a political dance that makes and breaks alliances.

8. The Role of Visions

Most importantly, visions aim to increase the chances of funding. The National Nanotech-
nology Initiative’s programmatic statement, Shaping the World Atom by Atom, is illustra-
tive. The vision is science fictional in the above sense. The argument is then made that
R&D funding has been geared to short-term projects with specific goals defined in a cost
benefit analysis, but that the promise of nanotechnology couldn’t be realized with such
funding because the tremendous practical difficulties render the likelihood of short-term
marketability unlikely. The role of the government, so the NNI-report, is to step in precisely
in such cases as nanotechnology, where the absence of short-term returns prevent invest-
ment from private enterprise, but where the promise of long-term benefit makes it worth-
while. No vision, no funding.

In the 1990s physicists in particular have become accustomed to cuts in funding, and
this may well be related to the lack of a compelling vision. The National Ignition Facility
(NIF) is an interesting contemporary example (Gusterson 2003). This is a facility with the
aim of achieving fusion by focusing many high-energy lasers very precisely on a very small
area in space, thus providing enough energy to overcome the threshold for fusion. If suc-
cessful, the system would unlock even more energy than fission, and thus tremendous
amounts of energy could be obtained from hydrogen atoms, far more energy than the input
to start the fusion process. The investment for the NIF is several billions of dollars and even
if fusion were to be achieved, the engineering task of putting that energy to good use would
only just have begun. Thus, in order to attract long-term funding, the vision has to contain
much promise. Now, the promise/hype of the NIF is very similar to that for nuclear power
in the 1950s. It promises the most powerful weapon ever, and thus a US monopoly, in turn
ensuring global peace through deterrence. It will also provide an abundance of energy for
civilian use, providing affluence to all, eventually resulting in the end of social strife. Pre-
sumably the similarity with the chiliastic nuclear vision is both a source of strength and
weakness. The many political alliances that are already in place sustaining nuclear power
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are likely candidates for enrolment, but for the same reason the well-organized enemies of
nuclear power will be enrolled just as easily. Furthermore, the similarity to an older and
failed vision makes the NIF project look less than exhilarating. By contrast, the Drexlerian
vision’s piggy-backing on the promise/hype of fashionable molecular biology gives it sheen
and luster.

Technological visions of the future are alive and well, but of course not any vision
will do. And as predictions, they are bound to fail: sophisticated notions of the interaction
between technological and social change would be counterproductive. The visions are in-
tended to tie together the elements of a heterogeneous network that requires constant main-
tenance in order to hang together (Latour 2002, 2004). The claim of novelty is essential for
technological visions: the elision of the connectedness with practices and theories of the
past is as productive as is the claim that success has been shown to be possible in principle,
requiring from now on merely developmental labor. The role of promise/hype in motivating
researchers and funding bodies discussed here has not been the subject of much research so
far. Studies that examine the role of the public sphere instead tend to focus upon the issue
of consensus. The topic of nano provides plentiful material for future analysis.

Notes

' It seems that Drexler’s vision is now being ostracized because of its association with the sorcerer’s ap-

prentice narrative of Prey. At a March 2004 conference at the University of South Carolina (“Imaging and
Imagining — Nanoscience and Engineering”), Drexler explained that Michael Crichton’s novel has caused
fear of a technophobic reaction to nanotechnology. He argued that because Crichton’s havoc-wreaking
nanobots resemble Drexler’s, many in the nanoresearch community have reacted by distancing themselves
from his vision.
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