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Microscope image shows why ‘electronic  
gridlock’ blocks a promising superconductor
By Bill Steele

Superconductivity – the conduction of electricity 
with zero resistance – sometimes can, it seems, 
become stalled by a form of electronic gridlock.

A possible explanation is offered by new research at 
Cornell. The research, reported March 5 at the annual 
meeting of the American Physical Society in Denver, con-
cerns certain copper oxides – known as cuprates – that 
can become high-temperature superconductors, but also 
can, in a slightly different configuration, become stalled 
by the “gridlock.”

Understanding how and why that transition takes 
place is a crucial question for cuprate superconductivity 
research because, if it did not, the maximum temperatures 
for superconductivity could conceivably be much higher.

Scanning lightly hole-doped cuprate crystals with a 
highly precise scanning tunneling microscope (STM) has 
revealed strong variations in electronic structure with 
some copper-oxygen-copper (Cu-O-Cu) bonds distrib-
uted randomly through the crystal apparently exhibiting 
“holes” where electrons are missing. The researchers also 
found larger rectangular regions with missing electrons 
that were spaced four units of the crystal lattice apart, 
and may represent the first direct observation of long-
sought electronic “stripes” in cuprates.

Yuhki Kohsaka, a postdoctoral researcher working with 
J.C. Séamus Davis, Cornell professor of physics, reported on 
the research. A paper on the work by Kohsaka, Davis and 
others is the cover story in the March 9 edition of Science.

The superconducting phenomenon was first discovered 
in metals cooled to less than about 4 degrees Celsius above 
absolute zero (-273 degrees Celsius or -459 degrees Fahr-
enheit) with liquid helium. Recently, superconductivity 
at much higher temperatures was discovered in cuprates. 
Pure cuprates are normally insulators, but when doped 
with small numbers of other atoms they 
become superconductors at temperatures 
as high as 148 degrees above absolute zero 
(-125 Celsius). The impurities break up 
the orderly crystal structure and create 
“holes” where electrons ought to be.

At 16 percent hole-density the cuprates 
display the highest temperature super-
conductivity of any known material. But if 
hole-density is reduced by just a few percent, 
the superconductivity vanishes precipitously 
and the materials become highly resistant.

Previous experiments have given evi-
dence that long-range patterns of “stripes” 
of alternating high- and low-charge density, spaced four 
units of the crystal lattice apart, exist in doped cuprates, 
but no imaging technique had been able to detect them.

An STM uses an atom-sized tip that moves in atom-sized 
steps across a surface. When voltage is applied between 
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In a standard scanning tunneling microscope (STM) topographic image of the surface of a cuprate semiconductor (left), atoms 
are arranged neatly in a crystal lattice (the occasional crosses represent atoms missing from the surface). At right is an image 
based on the ratio of up and down current flow through the STM tip showing (lighter areas) the probable locations of “holes” 
where electrons are missing from the crystal structure.

the tip and the surface, a small current known as a tunnel-
ing current flows between them. By adjusting the height 
of the tip above the surface to produce a constant current, 
researchers can see the shapes of individual atoms. And 
with the exceptional precision of the STM operated by 
Davis and colleagues at Cornell, the spatial arrangement of 

electronic states can be imaged. However, 
the researchers explain in their paper, this 
technique has serious limitations in imag-
ing the distribution of holes.

The innovation in the new research, based 
on a suggestion by Nobel laureate Philip W. 
Anderson, professor emeritus at Princeton 
University, is to compare current flow in 
opposite directions at each point in the scan. 
In simple terms, at regions of the crystal con-
taining fewer electrons (more holes), more 
electrons can flow down from the tip into 
these voids than up. The process is called TA-
imaging, for tunneling asymmetry.

The Cornell researchers studied cuprate crystals in 
which about 10 percent of the electrons in the crystal lat-
tice were removed and replaced by holes. The research-
ers imaged two cuprates with very different chemistry, 
crystal structure and doping characteristics and found 

virtually identical results, which they attribute entirely 
to the spatial arrangement of electrons in the crystal. The 
areas where TA-imaging suggests that there are holes ap-
pear to be centered on oxygen atoms within the Cu-O-Cu 
bond. This is what has long been expected based on X-ray 
scattering studies. But “the big surprise,” Davis said, “is 
that when you map this stuff for large distances across 
the surface no orderly patterns are observed. We had no 
picture of this before.” Perhaps even more exciting, he 
said, is the discovery that over larger areas the holes do 
appear to be arranged in patterns that are rectangular 
and exactly four crystal lattice spaces wide. These so- 
called “nanostripes” are aligned with the crystal lattice 
but otherwise distributed at random.

“It’s plausible that when you increase the number of 
holes these ‘nanostripes’ will combine into the orderly 
stripes seen in other experiments,” Davis said.

Co-authors of the paper include graduate students 
Curry Taylor, Kazuhiro Fujita and Andrew Schmidt 
of the Laboratory of Atomic and Solid State Physics at 
Cornell.  The Cornell researchers worked in collaboration 
with scientists at the Université de Sherbrooke, Canada; 
the Universities of Tokyo and Kyoto and the National 
Institute of Advanced Industrial Science and Technology 
in Japan.

Cheyfitz speaks up for academic freedom in Ward Churchill case
By Daniel aloi

Cornell’s Eric Chey-
fitz defended aca-
demic freedom in 
recent testimony in 
the case of controver-
sial Native American 
scholar and activist 
Ward Churchill’s 
threatened dismissal 
from the University of 
Colorado at Boulder (UCB).

Cheyfitz, the Ernest I. White Professor of 
American Studies and Humane Letters, 
discussed the case in a seminar, sponsored 
by the Society for the Humanities, “Ward 
Churchill, 9/11, and Academic Freedom,” 
Feb. 8 at Cornell’s A.D. White House.

The action against Churchill began after 
his Sept. 12, 2001, essay, “Some People Push 
Back: On the Justice of Roosting Chickens,” 
attracted media attention in January 2005. 
Churchill’s essay criticized U.S. foreign pol-
icy and questioned the innocence of some of 
the victims of the World Trade Center attacks 
on Sept. 11, 2001, comparing “the techno-
cratic corps” of WTC workers to “little Eich-
manns.” Cheyfitz said this metaphor is both 
unfortunate and historically inaccurate, but 
he agrees with the essay’s overall point in its 
critique of the violence of U.S. Middle East 

policy. Churchill’s work has created contro-
versy for a long time for, among other things, 
its comparison of the Jewish Holocaust with 
what some scholars consider the genocide of 
American Indians, Cheyfitz said.

In the immediate wake of the media atten-
tion in 2005, Colorado’s then governor, Bill 
Owens, called for Churchill’s resignation, a 
state House of Representatives resolution 
condemned Churchill, and Boulder interim 
Chancellor Phil DiStefano ordered that his 
research be investigated, after a UCB faculty 
committee found that Churchill’s 9/11 essay 
was protected free speech.

The Investigative Committee formed by 
the Standing Committee on Research Mis-
conduct at UCB published a report in May 
2006 upholding charges of plagiarism and 
falsification of research brought by DiSte-
fano. Only one of the five investigative 
committee members recommended 
Churchill’s dismissal, while six of the nine 
voting members of the standing commit-
tee endorsed DiStefano’s recommendation 
for dismissal. Churchill was relieved of his 
duties in June 2006 but remains on staff 
pending the outcome of deliberations by 
the Privilege and Tenure Committee of the 
Colorado System, and then a decision by 
the system president and regents.

Cheyfitz, an expert on Native American 
culture, law, literature and history, read the 
124-page report containing the charges of re-
search misconduct and, he said, “I slowly be-
gan to see [the charges were] fabricated. They 
hired him with tenure in 1991, and none of 
this surfaced until 2005. He was promoted to 
full professor in 1997, he got regular merit 
raises, and there’s no reason to suspect there 
were any issues about his teaching either.”

He spoke in Churchill’s defense on Jan. 12 
before the committee on privilege and ten-
ure – which is reviewing the case and will 
decide if Churchill merits sanctioning and 
if so, what form the sanction should take.

“I went over the report and the charges, and 
deconstructed them for the committee, going 
over each charge and pointing to the problems 
in the investigative committee’s own flawed 
scholarship,” Cheyfitz said. “The research mis-
conduct charges disappear when you start 
looking at them closely. I said at the end that 
what is properly an academic debate about the 
relationship of Native peoples to United States 
history was turned into an indictment.”

Only one investigative committee mem-
ber had expertise in Native American stud-
ies and federal Indian law, Cheyfitz said. 
“This is fraught with problems. By the Uni-
versity of Colorado’s own published stan-

dards, it should have been a ‘committee 
composed of individuals with expertise 
relevant to the specific allegations.’”

Cheyfitz said the case against Churchill 
is “linked up to other witch hunts, like that 
in the Columbia University Middle East 
studies department,” where scholars were 
accused of anti-Semitism because of their 
critical view of Israel, though they were ul-
timately exonerated of those charges.

“When you couple this with the Patriot Act, 
Homeland Security, the whole atmosphere of 
the war on Iraq and the war on terror, and the 
actions of the Bush administration ... to under-
mine the Constitution, [it can] lead to an at-
mosphere where people can feel threatened,” 
said Cheyfitz, noting that the case is not just 
about Churchill and limiting free speech.

“It is an attack on tenure, too, which is the 
bulwark of academic freedom,” he said. “Ac-
ademia has changed over the last 30 or 40 
years because of a movement we can call cor-
poratization. Nationwide, 65 percent of aca-
demic positions are nontenured and 
nontenure-track labor. That has tremendous 
implications for academic freedom. That 
change is very, very significant because it en-
ables the attacks from the right wing. This 
structural change has gone on apace and has 
serious consequences for the profession.”

‘… the big surprise is 
that when you map 
this stuff for large 
distances across the 
surface no orderly 
patterns are observed. 
We had no picture of 
this before.’

– J.C. Séamus Davis,  
Cornell professor of physics
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