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Boosting 
Photovoltaic 
Efficiency 
with Multiple 
Excitons

Three U.S. chemists have found a 
way to wring more electrons per 

photon from quantum dots, and their 
technique could lead to new kinds of 
efficient, inexpensive solar cells. 

The team based at the University 
of Wyoming (Laramie, Wyo., U.S.A.) 
reported that they have demonstrated 
multiple exciton generation in semi-
conductor quantum dots (Science 330, 
63). This technique—the creation of 
more than one electron-hole pair from 
one high-energy photon—had previ-
ously been demonstrated only in bulk 
semiconductors.

According to chemistry professor 
Bruce A. Parkinson, quantum dots have 
discrete energy levels, unlike bulk semi-
conductors. If photons that are energetic 
enough to produce multiple excitons 
create only one, the rest of the photon’s 
energy is lost as heat.

Bruce Parkinson 
holds a quantum-

dot-sensitized panel.

The Wyoming researchers built a pro-
totype solar array by arranging a single 
layer of lead sulfide (PbS) quantum 
dots—only a few nanometers in diam-
eter—on a thin, charge-transporting 
substrate of titanium dioxide.

As the size of PbS crystals decreases, 
the material’s bandgap increases, Par-
kinson said. Bulk PbS has a bandgap of 
0.4 eV, but the scientists realized band-
gaps of 0.8 eV or more with the quantum 
dots. Even though the device was not 
optimized for light collection, the team 
showed that the quantum dots produced 
two electrons for each of the impinging 
higher-energy photons.

University of Wyoming

John A. Rogers, University of Illinois at Urbana-Champaign

Micro-LEDs Flex for 
Biomedical Applications

An 8 x 8 array of 
micro-LEDs bends 
along with a sheet 
of paper. The 
bending radius is 
about 400 µm.A new method for combining tiny 

LEDs with flexible substrates could 
lead to a host of biomedical applications, 
from balloon catheters to photoactivated 
drug delivery, according to a team based 
at the University of Illinois at Urbana-
Champaign (U.S.A.). 

According to an article in Nature 
Materials (doi: 10.1038/nmat2879), the 
researchers first assembled arrays of small 
red LEDs—with lateral dimensions 
of roughly 25 3 25 µm—on a rigid, 
multilayer temporary substrate. After 
the top layer is dissolved, the diodes and 

Parkinson and Colorado State Uni-
versity (U.S.A.) graduate student Justin 
Sambur worked on the project with 
Thomas Novet of Voxtel Inc. (Beaverton, 
Ore., U.S.A.).

The next step, Parkinson said, is to 
test other combinations of quantum dots 
and substrates to see if they are even 
more efficient than the subjects of these 
experiments. (Titanium dioxide has the 
advantage of low cost, since millions of 
tons of it are manufactured annually.) 
The researchers also want to see whether 
multiple layers of quantum dots would 
increase the cells’ light collection ability. 

— Patricia Daukantas

their serpentine-shaped 
gold interconnects are 
transferred onto a thin, 
prestretched silicone 
elastomer membrane.

John A. Rogers, an Illi-
nois engineering professor 
and leader of the materials 
research group, says the 
design combines the best 
features of semiconductor 
LEDs (high brightness, mature technol-
ogy and long life) and organic LEDs or 
OLEDs (thinness and flexibility).

The scientists tested the durability 
of the micro-LED arrays by stretching 
and twisting them. They bent them 
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John A. Rogers, University of Illinois at Urbana-Champaign

A micro-LED array 
on a scrunched-up 

cloth sample.

around a sharp pencil tip and repeat-
edly immersed them in soapy water. 
They attached them to other flexible 
objects—cloth scraps, aluminum foil, 
even a tree leaf—and demonstrated that 
the LEDs would still light up despite all 
the bending and folding.

Within the human body, these 
devices could be used to measure blood 
oxygen or glucose levels. They may also 
play a role in the emerging field of pho-
toactivated drugs, which are medicines 
that “switch on” only in the presence 
of light. A small light array implanted 
around a tumor could stimulate anti-
cancer treatments without harming other 
tissue. Some recent studies also suggest 
that certain wavelengths may accelerate 
wound healing.

The team used a silicone substrate 
that the U.S. Food and Drug Adminis-
tration has already approved for medical 
devices. Rogers’ group will expand its 

research into other LED colors. Practical 
devices are still 5 to 10 years away.

Rogers worked with collaborators 
at Northwestern University (U.S.A.), 
Korea Advanced Institute of Science and 

Technology, Dalian University of Tech-
nology (China), the Institute of High 
Performance Computing (Singapore), 
and Tufts University (U.S.A.).

— Patricia Daukantas
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The SpectroPen in the lab 
setting: Michael Mancini 
(left) and Aaron Mohs used 
the SpectroPen to detect a 
breast tumor model grown 
in a nude mouse.

Brad Kairdolf

Spectroscopy 
during Surgery 
Could Catch 
Tumors
A device shaped like a pen collects 

both fluorescence and Raman spec-
tra from tissue; it can detect cancerous 
tissue at the edges of tumors and satellite 
tumors during surgery. This could guide 
surgeons for more accurate surgery 
to remove tumors. Removing all the 
cancer during surgery is the single most 
important predictor of patient survival 
for almost all solid tumors, but the dif-
ference between cancerous and benign 
tissue isn’t always obvious to the eye. 

In an animal study, the SpectroPen, 
developed by a team of researchers led 
by Shuming Nei of Emory University 
and Georgia Tech, was used to precisely 
detect the borders of the tumor before 
and during surgery using two near-
IR contrast agents (Anal. Chem., doi: 
10.1021/ac102058k).

The handheld device incorporates 
optical fibers for emitting light from a 
diode laser at 785 nm, and collecting 
both fluorescence and surface-enhanced 
Raman scattering (SERS) signals, which 
are filtered in the “pen” and resolved 

tumors. Studies of excised tissue showed 
that signals could be resolved through 
5 to 10 mm of flesh. (The fluorescence 
signals penetrated better through fat tis-
sues, which implies that it may be useful 
for fat-rich tissues such as breasts.)

Next, Nie says, “we plan to test the use 
of our SpectroPen for image-guided sur-
gery of spontaneous tumors in companion 
dogs.” In addition, “our collaborator Sunil 
Singhal at the University of Pennsylvania 
has just obtained institutional review 
board approval for clinical feasibility stud-
ies of lung cancer patients.” 

—Yvonne Carts-Powell

into spectra in the spectrometer at the 
far end of the fibers. The tissue is treated 
with either a fluorescence contrast agent 
(indocyanine green) and a SERS contrast 
agent (pegylated colloidal gold), which 
gathers at tumors. 

The other imaging methods for 
use during operations have their own 
drawbacks: MRIs cost a lot and extend 
the length of the surgery, while sonog-
raphy misses small masses. In trials on 
mice, the SpectroPen was able to provide 
indications of whether tissue contained 
high levels of the target molecules, and 
indicated the presence of secondary 

Bright Coherent X-rays sans Synchrotron

A tabletop X-ray source is 1,000 times 
brighter than other laser-driven 

plasma wakefield accelerator sources, 
opening the door to finer temporal and 
spatial resolution X-ray imaging. Stefan 
Kneip, Zulfikar Najmudin, and other 
researchers at Imperial College London, 
the University of Michigan, and Instituto 
Superior Técnico Lisbon report in Nature 
Physics that they have produced bright 
spatially-coherent X-rays from a tabletop 
source (doi: 10.1038/NPHYS1789). 

Potential applications include phase-
contrast and lensless imaging (previously 

Imperial College London

limited to synchrotron facilities), imag-
ing of ultrafast atomic or molecular 
interactions, and dramatically improved 
medical X-ray resolution.

Today, synchrotrons are the stan-
dard source of bright coherent X-rays, 
but these particle accelerators are big 
and expensive. Laser plasma wakefields 
produce high accelerating fields and offer 
a route to creating much more compact 
(and potentially cheaper) systems. This 
method uses intense laser pulses to gen-
erate a wake in a plasma, similar to the 
wake generated behind a speeding boat. 

X-ray of the head of a damselfly, produced 
from a tabletop laser plasma interaction 
with a 30-fs exposure time.
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Patricia Daukantas (patd@nasw.org) and 
Yvonne Carts-Powell (yvonne@nasw.org) are 
freelance science writers who specialize in 
optics and photonics.

The wakefield can generate electric 
fields at least 1,000 times stronger than 
those generated by conventional particle 
accelerators. This allows a wakefield to 
accelerate particles into the GeV range 
over a distance of 1 cm. The plasma wave 
also makes the particles oscillate in the 
transverse direction and give off radia-
tion. At high energies, this radiation is 
in the X-ray regime. Although soft X-rays 
have been observed before, the scientists 
have now managed to produce hard 
X-rays, entering a regime that increased 
the brightness of the X-rays by three 
orders of magnitude.

The output of the new system has 
two promising qualities, in addition to 
brightness: First, it emits roughly 30-fs 
X-ray pulses. Second, the emission comes 
from a point only about 1 µm across. 
This results in a pencil-thin beam of 

Imperial College London
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hard X-rays that allows researchers to 
see fine details in their samples. Thus, 
the system improves the possible resolu-
tion of images as well as providing the 
ability to capture ultrafast interactions.

The X-ray system fits on a tabletop—
or, more accurately, within a cubic 

meter-sized vacuum chamber—but this 
current system required the use of one 
of the most advanced ultrafast lasers in 
the world: The University of Michigan’s 
HERCULES laser. The Ti-sapphire–
based laser produced 32-fs linearly 
polarized pulses with a central wave-
length of 800 nm, with energy of 2.3 J. 
The beam was focused to an 11-mm-
diameter spot, with a peak intensity of 
4.7 3 1019 W/cm2. 

Improvements to high-energy ultra-
fast laser technology could thus lead to 
better, and more-affordable, bright X-ray 
sources. Researcher Stefan Kneip at 
Imperial College says, “For some applica-
tions, it [our system] will enable impor-
tant measurements which have not been 
possible until now.”

—Yvonne Carts-Powell
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X-ray of a resolution test target pro-
duced with a tabletop laser source.


