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BiFeO3 Domains 
May Improve 
Solar Cells

The photovoltaic mechanism by 
which a ferroelectric material 

generates high voltages could help 
create better solar cells. Jan Seidel and 
other researchers at Lawrence Berkeley 
National Laboratory (U.S.A.) and the 
University of California at Berkeley 
described how unusually high photo-
induced voltages are generated in thin 
films of bismuth ferrite (Phys. Rev. Lett. 
107, 126845). If this mechanism can be 
applied to other materials, we may be 
able to design more efficient photovol-
taic materials.  

Bismuth ferrite forms domains 
with opposite electrical polarizations. 
Instead of studying the material in bulk, 
Ramamoorthy Ramesh grew very thin 
films. By using such films, project lead 
Joel Ager and other team members were 

Joel Ager, 
Esther Alarcon 
Llado and their 

colleagues dem-
onstrated a new 

photovoltaic 
mechanism. 

able to understand how photovoltage 
accumulates across many domains. 

The films have a periodic domain pat-
tern of stripes 50 to 300 nm across. Each 
stripe has an opposite polarization from 
its neighbors. The stripes are separated 
by domain walls a mere 2 nm thick. 
When light creates free charge carriers, 
these domain walls push one type of 
charge away. This reduces the recombina-
tion rate. The voltage generated in the 
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periodically ordered thin film adds up 
as charges are passed from domain to 
domain, so the structure can generate 
voltages much larger than bismuth fer-
rite’s bandgap.

Although bismuth ferrite is unlikely 
to be useful for solar cells, researchers 
expect that the additive photovoltage 
mechanism applies to other systems 
with similar periodic potential structure.

—Yvonne Carts-Powell

Two-Color STED Helps Unravel Protein Interactions
An advance in superresolution 

imaging will give scientists the 
ability to observe how proteins and 
other molecules interact in living cells 
in near real time. In a collaboration 
between researchers at Yale University 
(U.S.A.) and New England Biolabs Inc., 
Patrina A. Pellett and others recently 
have extended the ability of stimulated 
emission depletion (STED) microscopy 
to work using two colors (Biomed. Opt. 
Express, 2, 2364).

Many biological processes work 
at scales smaller than can be seen by 
conventional microscopes. While 
shorter-wavelength illumination can 
be focused to a smaller spot, the more 
energetic photons also perturb the 
samples. Superresolution microscopes 
use a variety of methods to image 
features as small as 10 nm. 

STED, a type of superresolution 
microscopy, eliminates fluorescence 

bandpass filter, then two probably requires 
four lasers and two filters. Finding the 
weak signal amid more background 
becomes progressively more challeng-
ing. These researchers found a way to 
compromise, depleting both fluorophores 
with a single beam.

The researchers tested fluorophores 
to find the pair best suited to the 
process. Then they used a modelocked 
Ti:sapphire laser tuned to 760 nm to 
deplete both fluorophores outside the tar-
get area. To excite the labels for imaging, 
they use different, shorter-wavelength 
laser lines, one for each fluorophore. A 
pulsed diode laser at 640 nm excited one 
label. The other was excited at 532 nm. 
By alternating which excitation laser they 
used while building up the images, they 
obtained quasi-simultaneous images of 
the both labels.

They demonstrated the method 
by labeling two proteins—epidermal 

surrounding the area of interest by 
first depleting the markers’ ability to 
fluoresce around the target. A laser 
beam excites fluorescent markers in a 
diffraction-limited focus. Before these 
molecules can fluoresce, a donut-shaped 
second beam switches off excited mol-
ecules in the surrounding area, leaving 
only the markers within the center of 
the “donut hole” able to emit fluores-
cence. A bandpass filter at the fluores-
cence wavelength filters the signal from 
most of the background light. 

The next step to enhancing the useful-
ness of STED is to use more than a single 
color. “Biologists want two-color imag-
ing,” Joerg Bewersdorf at Yale explains. 
“They want to see correlations and how 
things interact.” Two-color STED imag-
ing has been previously achieved only on 
fixed (non-living) cells. 

Getting to two colors is tricky, how-
ever: If one color requires two lasers and a 
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From Biomed. Opt. Express 2, 2364 (2011).

STED images using two fluorescent markers allows researchers to image the interac-
tions between two proteins in living cells. In this case, the colors correspond to epidermal 
growth factor (EGF) in magenta and EGF receptors in green. The scale bar is 1 µm.
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growth factor and its receptor—with 
the pair of fluorophores, and then tak-
ing a series of images. The researchers 
achieved resolutions of 78 and 82 nm 
for 22 sequential two-color scans of two 
proteins in living cells. With further 
development, the technique could be 
used to study active processes, including 
other protein interactions in living tissue. 

Other researchers are also making 
progress in developing STED micros-
copy methods. Recent work from 
Stefan Hell’s group at the Max Planck 
Institute for Biophysical Chemistry 
(Germany) has shown that multicolor 
STED microscopy can make use of 
distinguishing markers by their fluo-
rescence lifetime. “People knew this 
before,” Bewersdorf says, “but it had not 
been taken advantage of for multicolor 
STED.” The goal is to realize 3-D imag-
ing of live cells at molecular resolution, 
according to Bewersdorf.

—Yvonne Carts-Powell
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Blending Beams of Light and Plasma in Real Time

A team based at the University of Cali-
fornia, Berkeley (U.S.A.), has liber-

ated surface plasmon polaritons from the 
confines of fixed guiding nanostructures. 
The researchers have demonstrated how to 
control the trajectories of polaritons on a 
metal surface by coupling the polaritons 
to Airy beams (Opt. Lett. 36, 3191). This 
work confirms an earlier prediction made 
by a group at the College of Optics and 
Photonics of University of Central Florida 
(Opt. Lett. 35, 2082).

Previous ways of manipulating surface 
plasmon polaritons have required the 
fabrication of permanent nanostructures 
on metal surfaces. Scientists, however, 
have realized that such structures can-
not be easily reconfigured to adjust the 
two-dimensional trajectory of the surface 
plasmon polaritons as needed.

The existence of nondiffracting, 
self-bending Airy beams was suggested 
only recently. In the last four years, these 
beams have become a hot topic in the 

experimental community (OPN, Febru-
ary 2008, p. 6). 

Scientist Peng Zhang and colleagues 
first had to learn how to create these 
so-called “plasmonic Airy beams” on a 
metal surface—in this case, a gold film. 
They generated a one-dimensional Airy 
beam in free space with a spatial light 
modulator and then projected it through 
an objective lens and grating onto the 
gold surface. To modulate the path of the 
plasmonic Airy beams, the researchers 

Microscopy 
without Lenses
A new holographic microscope is inex-

pensive, compact and lightweight, 
and it can be used for both transmission 
and reflection imaging with resolutions 
down to 2 µm. The device—about the size 
of a banana—could make a significant 
difference to health care. It is described 
by Myungjun Lee, Oguzhan Yaglidere 
and Aydogan Ozcan from the University 
of California, Los Angeles (U.S.A.), in 
Biomedical Optics Express (2, 2721).

Instead of using an objective lens, 
the device splits the beam from a small 
battery-powered green laser—one beam 
encounters the sample and is then recom-
bined with the second (reference) beam 
to create interference patterns at the cam-
era chip. Given this phase information, 
a computer program can reconstruct the 
spatial details of the sample.

The system depends mostly on mass-
produced consumer electronics—which 
keeps the cost down. A $5 laser pointer 
would suffice, and the image sensor is 
similar to those used in cell phones; it 
could cost as little as $15. The total cost of 
all the materials is under $100. The image-
collecting system runs on two AA batteries.

In reflective mode, it can image 
opaque samples, and in transmission 
mode, it can probe mostly transparent 
fluids such as blood or water. One novel 
aspect of the images is the very large 
field of view: 24 mm2 in transmission 

From Biomed. Opt. Express 2, 2721 (2011).

(Top, left) Reconstructed amplitude reflection image from a lensless microscope. (Top, right) 
For comparison, a conventional reflection mode microscope image of same specimen made 
using 4X objective lens (NA: 0.1). (Bottom, left) Image of a different region of interest from a 
lensless microscope. (Bottom, right) Conventional image of the same specimen.

mode and 9 mm2 in reflection mode. “A 
conventional microscope objective with 
similar resolution provides about a 1-2 
mm2 field of view,” Ozcan explains.

Both transmission and reflection 
images can be constructed using a simple 
PC in less than 2 minutes. “We use 
graphics processing units, which increase 
our speed to a few seconds,” Ozcan adds. 

Next, the researchers want to demon-
strate applications for the microscope, and 
compare its capabilities to “gold standard” 
techniques. They are also working to com-
mercialize the technology.

Health care providers and public 
health researchers could use such a com-
pact, portable microscope to check water 
quality, provide blood testing in remote 
areas, or detect food contamination. 
“Global health is a big field that requires 
better diagnostic tools, because resource-
poor countries don’t have the infrastruc-
ture for conducting essentially accurate 
diagnostic tests,” Ozcan says. “There are 
so many problems that innovative solu-
tions would impact.”

—Yvonne Carts-Powell
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could either move the objective lens 
mechanically or, with computer control, 
manipulate the input Gaussian beam and 
cubic phase mask within the spatial light 
modulator (SLM).

By playing around with the system, 
the researchers found that moving the 
objective lens horizontally, parallel to 
the grating, changed the beam trajectory 
across the metal surface while keeping 
the peak intensity of the beam at the 
beginning of the trajectory. Moving that 
lens perpendicularly to the surface—say, 
for a 25-µm displacement—altered the 
range of propagation of the plasmonic 
Airy beam and moved the peak inten-
sity of the beam farther down the trajec-
tory. Finally, computer control of the 
input beam and mask inside the SLM 
provided maneuverability of the plas-
monic trajectory without any mechani-
cal displacements.

From Opt. Lett. 36, 3191 (2011).
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The researchers say that their method 
may also work with surface phonon 
polaritons and acoustic surface waves. 
They hope their research could lead to 
dynamic on-chip routing of polariton 

energy and nanoparticles in future 
nanoscale applications.

—Patricia Daukantas

Examples of on-the-fly control of the plasmonic Airy beams, including switching the trajec-
tories to different directions (a, b) and bypassing obstacles [the gray solid circles in (c)] along 
curved paths, where the left and right column correspond to numerical simulations and 
experimental demonstrations, respectively.


