Better X-ray imaging
-ray imaging is widely used
for nondestructive testing of

products, especially those made

from metals. Ideally, such imaging
should give high spatial resolution
to detect small flaws, be sensitive
to high-energy X-rays so that thick

pieces can be tested, and have high 5

sensitivity. But with existing X-ray

methods, these requirements tend
to be in conflict. For example, X-ray
film absorbs relatively few high-
energy X-rays. So for adequate sen-
sitivity, large grains are required,
which precludes high spatial resolution. And
because of the need for developing, no film
can be used in real-time applications. Flat-
panel detectors, which avoid time-consum-
ing film development, have a resolution of
only 100 pm at best. And although combi-
nations of scintillators and image intensifiers
can overcome some of these problems, they
are complex and expensive to make.

Now, a team of physicists at the Univer-
sity of Bonn in Germany has demonstrated
a new method of X-ray recording that can
deliver high resolution with good density
even at high X-ray energies (Appl. Phys. Lett.
2002, 81, 1567). The technique begins
with the creation of a simple hologram of a
grating on a photorefractive material, which
changes its refractive index in response to
light or other radiation. The hologram is
created in iron-doped lithium-niobate
crystals by interfering two beams from a
visible-light laser operating at the 532-nm
wavelength. When the hologram is exposed
to X-rays, parts of the pattern are erased. A
laser reference beam is then reflected from
the hologram, generating an image in visi-
ble light of the X-ray exposure, which is
recorded by a charge-coupled-device cam-
era. The process is fully reversible because
the pattern can be erased by exposure to
white light, and the X-rays do no lasting
damage to the lithium—niobate crystal.

In experimental tests, the researchers
obtained resolutions of 25 pm, a resolution
limited by the diffraction of the optics. In
theory, resolution is limited only by the
wavelength of the optical light used, in this
case 0.5 um. In addition, the method allows
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High-resolution X-ray image of a tungsten test mask
shows the letters FAUST with a linewidth of 120 pm

and groups of lines with linewidths (I to r) of 100, 75,
50, and 25 pm.

the use of X-rays higher than 100 keV
because the lithium—niobate crystal can be
made thick enough to absorb high-energy X-
rays without loss of resolution.

At the moment, the sensitivity of the
method is about 0.01 that of X-ray film, but
Karsten Buse, one of the researchers, believes
that by optimizing the crystal’s doping level
and oxidation—reduction state, sensitivity can
be improved considerably. And the new
method will provide real-time digitized
images, a major advantage over films for
quality-control purposes.

Solar-cell efficiency

he sun’s energy comes to us as a wide

spectrum of wavelengths, which limits
the efficiency of solar cells. A solar cell
works by converting a photon of light into
an electron-hole pair, which can then gen-
erate a potential. But because each pair has
a fixed amount of energy, defined by the
solar-cell material’s energy gap, photons
that have higher energies than this gap are
partially wasted because some of their ener-
gy goes into heat. Photons with energy less
than the bandgap do not contribute at all
to electricity production. As a result, the
maximum theoretical efficiency of solar
cells is only around 30%.

One way to increase solar-cell efficiency
is to get photons with more than twice the
bandgap energy to produce two
electron-hole pairs. A collaboration of sci-
entists from the University of New South
Wales in Sydney, Australia, and the Univer-
sity of Karlsruhe in Germany has shown, in
theory, a way of doing this by first splitting
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the photons, which converts them to
lower energies (J. Appl. Optics 2002,
92, 1668). With appropriate down-
conversion materials, this technique
could lift solar energy efficiency to as
high as 39.6%, a substantial improve-
ment. Existing solar cells could, in
theory, also be improved in efficien-
cy by 20% with this method.

Any three-level system—that is, a
system with an energy level between
the conduction and valence bands—
can be used to reduce the energy of
photons. A photon is absorbed by
pushing an electron from the valence
band to the conduction band. A
lower-energy photon is emitted as the elec-
tron jumps down to an intermediate energy
level created by an impurity doping. A sec-
ond photon is then emitted when the elec-
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tron jumps back to the valence
band. For an ideal down-converter
for solar cells, the bandgap of the
converting material should be just
twice the bandgap of the solar cell,
and the impurity level must be just
halfway between the valence and
conduction bands.

The best efficiencies, the team
found, occur when the down-con-
verter material is placed on the rear
surface of the solar cell, in front of a
mirror that bounces radiation back
into the cell. This minimizes the
amount of energy lost by absorp-
tion in the down-converter. Howev-
er, even with a front-surface con-
verter, energy efficiency can be
improved by 20%. The advantage
of a front-surface converter is that
one could coat it onto existing solar
cells. The researchers found that
using a material with a high refrac-
tive index for the down-converter aided effi-
ciency because it enabled more emitted
photons to be directed into the solar cell.

“There are a number of compounds that
can be used for efficient down-conversion,”
explains Thorsten Trupke of the University
of New South Wales, one of the team mem-
bers. “Aluminum arsenide and gallium
phosphate are two possibilities, as is lithi-
um gadolinium fluoride, when doped with
europium. The next step is to carry out
experiments to determine what efficiency is
actually achieved.”

Transparent circuits
T ransparent circuits are essential in sever-
al display technologies, including liquid
crystals, plasma screens, and electrolumi-
nescence displays. Each of these devices has
a light-producing or light-modifying materi-
al sandwiched between two transparent
electrodes. But the combination of trans-
parency and conductivity is rare, for funda-
mental reasons. Good conductors exclude
electric fields and thus very effectively filter
out the electromagnetic fields of light.

Until recently, the only material sufficient-
ly conductive and transparent enough for
these devices was indium tin oxide (ITO).
But that material is expensive to make, and
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When H™ ions are incorporated into the subnanomete
sized cages of the transparent insulating oxide
12Ca0-7Al,03, subsequent irradiation of the material

with ultraviolet light results in a conductive state.

forming it into circuits along with insulating
materials such as glass or quartz requires a
complex lithographic process.

Now, a Japanese research team at the
Japan Science and Technology Corp. in
Kawasaki and the Tokyo Institute of Tech-
nology campus in Yokohama has developed
a way to convert a transparent insulator
into a conductor with flashes of UV radia-
tion, opening up the possibility of less
expensive and more flexible transparent cir-
cuits (Nature 2002, 419, 462). The team
uses a calcium aluminum oxide called
C12A7 (12Ca0+-7A,03), which consists of
units that each contain 12 atomic cages just
0.4 nm across. Heating the crystals to
1,300° C for 2 h in a mixture of hydrogen
and nitrogen causes negatively charged
hydrogen ions (atoms with one additional
electron) to enter the cages.

As long as the extra electrons are trapped
on the hydrogen ions, the whole substance
remains an insulator. But when exposed to
UV radiation from a xenon lamp, the extra
electrons are excited and jump off the
hydrogen ions to the crystal lattice, leaving
behind trapped hydrogen molecules. The
electrons are then relatively free to move
about and the material becomes a conduc-
tor. The change is permanent and results in
a 3 billionfold increase in conductivity.

11 The Industrial Physicist

Hosono Transparent ElectroActive

Potentially, this means that circuits
can be written in one step simply by
exposing the material to UV light
through a mask that protects the
areas that are to remain insulating.
However, the conductivity of the
converted material is still 1,000 times
less than that of ITO. “We are cur-
rently making an effort to improve
the conductivity,” says Katsuro
Hayashi of Japan Science and Tech-
nology Corp.’s exploratory research
group, one of the team’s members.
“But we have already achieved an
easier processing method and higher
transmission of light than for ITO.”
The material could also be used for
that Holy Grail of high-density memo-
ries, three-dimensional holographic
memories. Theoretically, such three-
dimensional memories could be far
denser than current memories, which
all rely on storing data on surfaces.
Interference between two coherent UV
sources could produce a pattern of conduc-
tivity that could be read out electronically.
The team is currently doing experiments on
such holographic memories, which, using
the present material, would be permanent
read-only types. In addition, the team is
developing the necessary fabrication process-
es to turn the new material into a practical
alternative route to transparent circuits.

Materials, ERATO, Japan Science and

Technology Corp., Kawasaki
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Fraud Shows Peer-Review Flaws

he peer-review system is supposed to

guarantee that published research is
carried out in accordance with established
scientific standards. Yet recently, an internal
report from Lucent Technologies’ Bell Labo-
ratories concluded that data in 16 pub-
lished papers authored by researcher Hen-

drik Schén were fraudulent. The papers
were reviewed and accepted by several pres-
tigious scientific journals, including Nature,
Science, Physical Review, and Applied Physics
Letters. Yet, in many of the papers, the fraud
was obvious, even to an untrained eye, with
data repeated point-for-point and impossi-
bly smooth or noise-free. All the papers
passed through internal review at Bell Labs,
one of the world’s foremost industrial
research institutions, and the journal peer-
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review system without raising alarms. The
fraud was discovered only after journal
readers started pointing it out.

What went wrong? Does the Schon affair
indicate major flaws in the peer-review sys-
tem? In its aftermath, many people are ask-
ing these questions, and some are suggest-
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ing reforms. The implications may extend
beyond the relatively limited problem of
preventing scientific fraud to the broader
question of ensuring the fairness and effica-
cy of peer review itself.

On September 24, 2002, a Bell Labs com-
mittee of inquiry chaired by Malcolm R.
Beasley, professor of applied physics and of
electrical engineering at Stanford University,
concluded that Schén had committed scien-
tific misconduct by manipulating and mis-
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by Eric J. Lerner

representing data, substituting mathematical
functions for data, and creating false data.
Bell Labs immediately dismissed Schon,
which ended a career of apparently extraor-
dinary productivity. From 1998 to 2002,
Schon authored or co-authored no fewer
than 100 papers, an average of one every
other week. These were no ordinary papers
but claimed significant advances in a vari-
ety of fields—organic semiconductors,
organic superconductors, inorganic super-
conductors, and fullerenes. Schén’s pro-
ductivity peaked in mid-2001, when he
submitted several papers only a few days
apart. In a period of 10 weeks, from late
September to early December, Schén pub-
lished 12 papers. Many of them, although
not all, were co-authored by Bertram
Batlogg, a senior Bell Labs researcher
with a long record of accomplishment.
Yet in case after case, efforts to dupli-
cate the results failed. By late 2001,
researchers were pointing to obvious
discrepancies in Schon’s data. In response,
Bell Labs convened its inquiry committee
in May 2002, which concluded that in
paper after paper, data had been duplicat-
ed, with the same data ascribed to differ-
ent experiments. In the most glaring
cases, in a paper published in Science
(2000, 289, 599) and another in Nature
(2001, 410, 189), Schon presented the
same data in the same paper as coming
from different experiments. In addition,
other data were in reality mathematical
functions or were impossibly perfect, vary-
ing from theoretical predictions by less
than a tenth of a standard deviation. When
confronted with these accusations, Schon
admitted some substitutions but insisted he
had done the experiments. However, he
kept no systematic logbooks, and he claimed
that the raw data had all been erased because
of a lack of computer storage space.

Bell Labs’ failure

Clearly, the first defense of the integrity
of scientific results (other than researchers’
own morality) lies in the collaboration of
co-authors and colleagues and in the review



procedures of a research laboratory. At Bell
Labs, these defenses failed for several rea-
sons. First, although Schén had co-authors
on all of his papers, in actuality “all device
fabrication, physical measurement, and
data processing ... were carried out by Hen-
drik Schén alone.... None of the most sig-
nificant physical results was witnessed by
any co-author or colleague,” the Bell Labs’
report concluded.

“In our view, this was an isolated, anom-
alous incident,” says Saswato Das, a
spokesman for Bell Labs. “Many of the
experiments in question were done when
Schén was in Germany working at the Uni-
versity of Konstanz, waiting for his visa, so
it was not possible for colleagues to partici-
pate in those experiments.” However, many
of the fraudulent papers, including one of
the more egregious cases of copying data
within a paper, were submitted for publica-
tion in 2000. At that time, Schén was work-
ing continuously at Bell Labs’ main facility
in Murray Hill, New Jersey, in a laboratory
only steps away from Batlogg’s office.
According to Das, Schén met frequently
with collaborators Christian Kloc and Bat-
logg. Yet at no point did either man look at
the raw data or ask to participate in one of
Schon’s claimed experiments.

“This is certainly not the way things used
to be at Bell Labs,” says John M. Rowell, a
former director of chemical physics at Bell
Labs who worked there from 1961 to 1983.
“In the good old days, experiments would
be immediately witnessed by one or some-
times even two levels of management, and
by collaborators.”

Nor did the collaborators or anyone else
question Schon’s spectacular productivity
until late 2001, when he was asked to slow
down and focus on the details. “Actually,
Schén was only among the top four in pro-
ductivity at Bell Labs that year, so it was not
considered that strange,” says Das. “Every-
one knew he practically lived at Bell Labs
and was there at all hours.”

But others find this attitude incredible. “It
is clearly impossible to make an experimen-
tal device—especially for the first time—take
measurements, and write a paper every four

or five days,” comments Rowell. “If three
others at Lucent were submitting more than
one paper each week as well, a committee
probably should look at their papers, too.
The collaborators and management had a
responsibility to demand more proof of such
unbelievable productivity.”

Lucent Technologies, the parent of Bell
Labs, has laid off 88,000 workers in the
past two years, and as a result, Bell Labs
has suffered significant cutbacks. Did this
contraction of personnel make it more like-
ly that scientists would work alone on
experiments, instead of in pairs or teams,
and that collaborators, pressed for time,
would give only cursory review to even
spectacular results? Would the need to
maintain output with fewer researchers give
management an incentive to praise extraor-
dinary output rather than see it as a warn-
ing flag? Das does not think so. “People at
Bell Labs have always worked in about the
same manner. As we are smaller today than
in the past, we have reduced the number of
areas of focus,” he asserts. Thus, research
groups are not necessarily smaller than
before the cutbacks.

But again, Rowell and others disagree,
noting recent changes at Bell Labs, whatev-
er the cause. “Years ago, not only were
research teams larger than one person, and
first-line supervisors expected to be hands-
on researchers, there was a rigorous publi-
cation release process that involved circula-
tion of papers to management and other
researchers, “ says Rowell. “Evidently, that’s
not functioning anymore.”

Peer-review breakdown

Once the papers were submitted for pub-
lication, how did they get past so many sets
of reviewers? Clearly, it was not the fault of
one or two reviewers because of the many
articles involved. Nor did editors ignore
warnings from the reviewers. “After the
story broke, we looked back over the review-
er reports,” says Monica Bradford, manag-
ing editor of Science, “but we did not find
any clues that something was wrong.”
Although it is common for journal review-
ers to critically comment on a paper’s data
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and raise questions about noise levels and
statistics, not one reviewer at any journal
caught the fact that the data was impossibly
good or copied from chart to chart.

Some in the scientific community think
that the reviewers should not be blamed for
missing the flaws in Schén’s papers. “Referees
cannot determine if data is falsified, nor are
they expected to,” argues Marc H. Brodsky,
executive director of the American Institute of
Physics, which publishes Applied Physics Let-
ters. “That job belongs to the author’s institu-
tion, and the readers if they deem the results
are important enough. A referee’s job is to see
if the work is described well enough to be
understood, that enough data is presented to
document the authors’ points, that the results
are physically plausible, and that enough
information is given to try to reproduce the
results if there is interest.”

But editors at leading journals take a
broader view, and they admit that the
reviewers were among those at fault. “Clear-
ly, reviewers were less critical of the papers
than they should have been, in part because
the papers came from Batlogg, who had an
excellent track record, and from Bell Labs,
which has always done good work,” admits
Karl Ziemelis, physical sciences editor at
Nature. “In addition, although the results
were spectacular, they were in keeping with
the expectations of the community. If they
had not been, or had they come from a
completely unknown research group, they
might have gotten closer scrutiny.” Thus,
reviewers and editors as a group had a bias
toward expected results from established
researchers that blinded them to the prob-
lems in the data.

The Schén case points to problems in
the peer-review system on which consider-
able discussion has focused recently, and
which affect aspects of science far more sig-
nificant than the infrequent case of fraud.
“There is absolutely no doubt that papers
and grant proposals from established
groups and high-prestige institutions get
less severe review than they should,” com-
ments Howard K. Birnbaum, former direc-
tor of the Frederick Seitz Materials Research
Laboratory of the University of Illinois at



Urbana-Champaign. He recently criticized
peer-review practices in grant awards in an
article in Physics Today (2002, 55 (3), 49).
“It is not just a problem of fraud,” he says.
“l and colleagues have seen sheer nonsense
published in journals such as Physical
Review Letters, papers with gaping method-
ological flaws from prestige institutions.”

Because journals have a limited number
of pages and government agencies have lim-
ited funds for research, too lenient reviews
of the established and the orthodox can
mean too severe reviews of relatively
unknown scientists or novel ideas. The
unorthodox can be frozen out, not only
from the most visible publications but also
from research funding. Not only does less-
than-sound work get circulated, but also
important, if maverick, work does not get
done at all. The peer-review system’s bias-
es, highlighted in the Schén case, tend to
enforce a herd instinct among scientists
and impede the self-correcting nature of
science. This is scarcely a new problem. As
Samuel Pierpont Langley, president of the
American Association for the Advancement
of Science, wrote in 1889, the scientific
community sometimes acts as “a pack of
hounds ... where the louder-voiced bring
many to follow them nearly as often in a
wrong path as in a right one, where the
entire pack even has been known to move
off bodily on a false scent.”

Fixing the system

A number of reforms being discussed
could reduce the publication of fraudulent
or unsound work and make room for better
research. Science is already considering
implementing one of the less drastic steps—
requiring that raw data accompany experi-
mental or observational articles and that
the data be posted as supplementary mater-
ial on Science’s Web site. Such a step would
make simple fraud more detectable and
would enable others to use the same data
for alternative interpretations.

“Another idea is to have every experi-
mental paper reviewed by a statistician,”
says Ann Weller, an expert on peer review
and associate professor of library sciences
at the University of Illinois at Chicago.

Such a statistical review would presumably
have flagged several of Schén’s papers, and
would cut back on dubious statistical
analysis, a common flaw of many papers.

Bell Labs has introduced one change in
procedure. It now requires the posting of
all papers for seven days on a prepublica-
tion archive before submission to a journal,
which allows colleagues to participate in a
review process. However, given the ease
with which digital data can be fabricated—
in ways that are harder to catch than
Schon’s were—there seems to be no substi-
tute for collaborations in which more than
one researcher participates in experiments
or at least looks at the raw data. Such col-
laborations can also lead to higher-quality
research and problem solving.

One way to encourage real collabora-
tions rather than passive co-authoring is to
have the responsibility of co-authors listed
in the published paper—for example,
device fabrication by John Doe, experimen-
tal procedure by Jane Smith, data analysis
by Tom Harold. Senior researchers would
then have to take co-responsibility for spe-
cific aspects of an experiment, or remove
their names from papers to which they con-
tributed little.

None of these changes, however, directly
addresses the bias of reviewers toward pres-
tigious groups and accepted ideas. More
drastic reforms aim at fundamental changes
in the system of anonymous review. Blind
review, for example, involves removing the
authors’ names from articles sent to review-
ers, while open review requires reviewers to
sign their names to reviews seen by authors.

“Blind review can potentially eliminate
biases about authors, but only if the review-
er cannot guess who the author is from the
references,” explains Weller. “Studies have
shown that in about 40% of papers, the
reviewer can guess the authors. On the
other hand, blind review does not address
biases against novel ideas.”

Open review reduces the possibility of
bias, argue supporters such as Fiona Godlee,
editorial director for medicine at Biomed
Central, an online publishing company in
London. If authors know reviewers’ names,
reviewers must take personal responsibility
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for their reviews, and authors can see if edi-
tors have chosen reviewers in a balanced
manner. If reviewers are also publicly
known and their reviews available, editors
or funding agencies presumably would not
assign papers or proposals from high-pres-
tige groups to reviewers likely to withhold
criticism. Authors could also object if only
supporters of the mainstream approach
review a minority viewpoint.

It is difficult to say in advance whether
open review would incline reviewers to be
more conscientious about catching fraudu-
lent or sloppy work. So far, no major physi-
cal-sciences journal or funding agency has
adopted such a radical reform. However,
the idea has received sufficient support for
The British Medical Journal to allow open
review of some papers.

Online discussion

Some researchers wonder whether peer-
reviewed journals are essential and whether
some of their functions could be replaced
by online discussion. “If online prepublica-
tion archives, such as arXiv, allowed chat-
room-style comments on each paper and
author’s replies, the community at large
would make its own decisions as to the
validity of the results,” suggests Rowell.
“My bet is that such a chat room for the
Schon papers would have been over-
whelmed by critical comments because |
heard plenty of them informally, but they
were not published.”

Whatever reforms eventually emerge, the
Schoén case has highlighted the need for
peer-review improvements, and a vigorous
discussion of how to change is timely.
“After my article in Physics Today, | got a
hundred e-mails of support, but almost all
of them told me not to mention their
names,” comments Birnbaum. Now, such
underground criticism of peer review may
come out into the open.

Further reading

The Beasley report is available at
http://www.lucent.com/news_events/
researchreview.html.

Godlee, F. Making Reviewers Visible. J.
Am. Med. Assoc. 2002, 287, 2762.



