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Polarization can be a funny thing. 
Intuitively, one might expect light 

from a plasma to have random polariza-
tion. But sometimes plasmas are created 
in part by non-random processes that 
lead to some degree of polarization. For 
example, gamma ray bursts from a col-
lapsing star are somewhat polarized, as is 
the output of a mercury lamp. Polariza-
tion can be a clue towards the processes 
that create the plasma.

Nevertheless, no one would have 
expected the extraordinary result that 
researchers in Robert J. Gordon’s group 
at the University of Illinois at Chicago 
found when they created plasmas by 
fi ring pairs of femtosecond near-infrared 
laser pulses at a silicon target: Th e ultra-
violet emission was nearly 100 percent 
linearly polarized (Appl. Phys. Lett. 93, 
161502).

More specifi cally, they produced 
pairs of 80-fs, 800-nm pulses using 
a Ti:sapphire laser and a Michelson 
interferometer. Th e pulses were focused 
on the target silicon crystal through 
a microscope objective. Th e laser was 
typically s-polarized with an angle of 
incidence of 30 degrees, although other 
confi gurations were studied. Th ey col-
lected the plasma light output at right 
angles to the laser beam, and measured 
the polarization using a Glan-Th ompson 
polarizer mounted at the entrance slit of 
the spectrograph. 

Th e researchers discovered that the 
degree of polarization depended on the 

Santiago Costantino and 
other researchers at the 

University of Montreal created 
an image of Albert Einstein to 
demonstrate that they could 
create patterns of substrate-
bound proteins precisely. They 
used laser-assisted protein 
adsorption by photobleaching.

The technique can be used 
to reproduce patterns in liv-
ing systems. For studies of 
development, immunology and 
cancer, for example, research-
ers would like to replicate the 
patterns surrounding cells so 
they can study how the cells act 
in healthy and diseased states. 
Costantino and his group cre-
ated a relatively simple tech-
nique that can pattern proteins 
to feature sizes smaller than a 
cell using equipment typically 
found in a biology lab.

The method uses a laser 
to photobleach fl uorescently 
tagged molecules, generating 
patterns of proteins bound to 
a substrate. The group used 
the technique to create a pat-
tern that guided the growth of 
nerve cells.

Plasma Polarization Puzzler
timing relationship of the two pulses, 
on holding the focus of the laser at the 
surface, and on the wavelength. For the 
continuum emission, the polarization 
was greater at short wavelengths.

Th e degree of polarization in nature 
is quite small, and even in laboratory 
environments very strong polarization is 
rare. So what is going on in this experi-
ment? “We speculate that it might be 
electron jets emitted from the surface,” 
says Gordon.

Th e group is planning to investigate 
the process, but the scientists have 
already found a potential use for the 
phenomenon. Th ey have submitted a 
paper to Optics Letters on a method of 
extending laser-induced breakdown 
spectroscopy (LIBS), a method used for 
analyzing elements without having to 
prepare—or even get near—the sample. 
Not surprisingly, LIBS is used around 
blast furnaces, nuclear reactors, biohaz-
ard areas and similarly harsh environ-
ments. It is also part of NASA’s arsenal 
of unmanned instruments on the 
Mars landers.

In the upcoming article, the research-
ers describe how polarization-resolved 
laser-induced breakdown spectroscopy 
improves the sensitivity of LIBS. Th e 
polarization of the plasma emission sup-
presses the continuum—but only reduces 
the discrete atomic and ionic spectra 
slightly. Th ey demonstrated the method 
on copper and carbon samples.

— Yvonne Carts-Powell
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Image of Einstein, made of fl uores-
cent Streptavin-Cy5 proteins. The 
full width of the image is 200 µm.

Costantino Lab, Maisonneuve-Rosemont Hospital

Front row: Robert J. Gordon (left), 
Sima Singha and Tana Witt. Back row: 
Youbo Zhao (left) and Yaoming Liu.
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O ptical superlenses made with 
negative-refractive materials could 

allow much finer optical lithography 
and chip inspection. Xiang Zhang of 
the University of California at Berkeley 
discussed this and other potential appli-
cations of superlenses during his invited 
talk at the second European Topical 
Meeting on Nanophotonics and Meta-
materials in Seefeld, Austria, in January.

The field of negative-index materials 
has advanced remarkably quickly since 
2000, when Sir John Pendry suggested 
that they could be used to create lenses 
that could focus light below the diffrac-
tion limit. Since then, amid debate over 
whether Pendry’s theory was correct, 
groups of researchers have developed 
one- and two-dimensional optical 
metamaterials.

Last year, Jason Valentine and oth-
ers in Zhang’s group at Berkeley and 
Lawrence Berkeley National Laboratory 
created a 3D optical metamaterial with 
both a negative refractive index and low 
absorption (Nature 455, 376). The latter 
is important because, as Zhang com-
ments, “if it significantly absorbs the light, 
the refractive index becomes less relevant.”

One of the benefits of superlenses is 
that they can amplify information car-
ried by evanescent waves that would oth-
erwise be lost. “If you take a photo of my 
face,” Zhang explains, “the image shows 
my eyes, but not the tiny proteins that 
scatter and produce evanescent waves.” 
Although that information is available 
from the object, traditional imaging 
systems cannot capture it. 

Even the superlens isn’t perfect. It 
must be close enough to the object to 
capture it before the evanescent wave 
decays. However, Zhang adds, “That isn’t 
a fundamental limitation—it is only the 
current limit.”

Zhang refers to the superlens as an 
“optical turbine” because it compresses 

and propagates optical information. The 
image information in the evanescent 
wave is converted to a longer-lived propa-
gating wave.

This technology could also be used for 
optical lithography. Scientists are strug-
gling to transmit finer and finer feature 
sizes from masks to semiconductor 
wafers in the process of creating micro-
electronics, as well as integrated micro-
optics and micro-mechanical systems. In 
this case, ultraviolet light illuminates a 
pattern on a large mask. The light carries 
the information to a lens very close to 
the photoresist on the semiconductor 
substrate. The lens then converts the 
propagating information to evanescent 
information, thereby producing sub-
diffraction-limit patterns on the substrate 
(Nature Nanotechnology, doi:10.1038/
nnano.2008.303). Using 365-nm light, 
Zhang’s group showed that the lens was 
capable of producing 80-nm features. 

The lens must be 20 to 30 nm above 
the substrate. The researchers developed 
a way to float the lens on an air bear-
ing over the substrate and use up to a 
million lenses in parallel to produce 
high-throughput patterning. The same 
technology can be used for mask and 
chip inspection as well as optical and 
magnetic storage applications.

Metamaterials Enable  
Sub-Diffraction Imaging 

Optical lithography with plasmonic lenses.

Prof. Xiang Zhang’s group at UC Berkeley

Yvonne Carts-Powell (yvonne@nasw.org) is a freelance science writer who specializes in optics 
and photonics. 
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