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Tiny Room-
Temperature 
Plasmon Lasers

A nanoscale plasmon laser that works 
at room temperature, in air, was 

recently demonstrated by researchers in 
Xiang Zhang’s group at the University 
of California, Berkeley (U.S.A.). In a 
tiny lasing cavity, the coherent plasmons 
travel in a tight gap of 5 nm in a smaller 
mode area than the best diffraction-lim-
ited spot from a conventional, focused 
laser beam (Nature Materials, 19 Dec 
2010, online doi: 10.1038/nmat2919). 
Previous semiconductor plasmon lasers 
had difficulty confining the light and 
operated at cryogenic temperatures in a 
vacuum to reduce losses.

Lead authors Ren-Min Ma and 
Rupert Oulton, as well as others in 
Zhang’s group, made the plasmon laser 
on a silver substrate, topped by a 5-nm-
thick low-index gap layer of magnesium 
fluoride (MgF2) and then a 75-nm-thick 
high-index cadmium sulfide (CdS) 
square that is 1.1 µm in length. The sil-
ver provides the surface plasmon, while 
the CdS provides the optical gain. 

(Left) Schematic of a plasmon laser showing a cadmium sulfide square atop a silver (Ag) 
substrate separated by a 5-nm gap of magnesium fluoride. (Right) Electron microscope 
image of the plasmon laser. 

They found that modes from the 
CdS hybridize with surface plasma 
polaritons from the metal, and the most 
intense electric fields of the device are 
concentrated in the MgF2 gap. The 
mode generated inside the gap remains 
bound by strong feedback that rises 
from the total internal reflection of 
surface plasmons. The small mode size 
and strong confinement also increase 
the rate of spontaneous emission by up 
to 18 times. 

The laser confines light to a space of 
about 20 nm, or one-twentieth the size 
of its wavelength. The laser operates 
in the visible, at close to 500 nm. The 
slight curve in one side of the CdS island 

Renmin Ma and Rupert Oulton, UC Berkeley

A Glass That’s Tougher Than Steel

R esearchers at two California labo-
ratories have developed a metallic 

glass that has more resistance to bend-
ing and breaking than many types of 
steel (Nature Materials, doi:10.1038/
nmat2930).

The “palladium glass,” which has a 
chemical formula of Pd79Ag3.5P6Si9.5Ge2, 
has the best combination of strength and 
toughness seen in any class of materials, 
says Robert O. Ritchie of the Lawrence 
Berkeley Laboratory and the University 
of California at Berkeley (U.S.A.).

Materials scientists define “strength” 
as a metal’s resistance to deformation 
and “toughness” as its ability to resist 

inhibits higher-order modes that would 
be generated in a square island.

The ability to generate laser light in 
such a small size means that these lasers 
could be used for single-molecule sensing 
as well as integrated optics applications 
such as data storage and optical com-
munications. Next, Zhang’s group will 
investigate using the laser for single-
molecule sensing.

“The plasmon laser demonstrated 
here can be fully integrated with current 
industrial semiconductor fabrication,” says 
Zhang. The researchers expect to present 
work on the plasmon laser at the Confer-
ence on Lasers and Electro-Optics in May.

—Yvonne Carts-Powell

cracking or breaking. This glass, made 
like other glasses—by melting the 
ingredients together and cooling the 
product quickly—demonstrated an abil-
ity to shield itself from a crack induced 
by the researchers.

Researchers have studied metal-
lic glasses for more than 30 years. 
Although materials that are either 
tougher or stronger than the new pal-
ladium glass exist, this substance is the 
best-yet combination of the two proper-
ties, according to Ritchie. The team 
chose palladium as the major ingredient 
because of its high ratio of bulk modu-
lus to shear modulus, and the silver 

Roy Kaltschmidt, LBL Public Affairs

Robert O. Ritchie in 
his lab at Lawrence 
Berkeley Laboratory.
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slowed down the crystalliza-
tion process, leading to an 
amorphous mix. 

Marios D. Demetriou, 
a California Institute of 
Technology postdoctoral fel-
low who made the glass, says 
that the palladium-based 
material conducts electricity 
like a metal, despite the pres-
ence of two semiconductors 
and phosphorus. However, 
because it is an amorphous 
“frozen liquid” rather than a 
crystal, its electrical resistiv-
ity is roughly twice that of 
the metals in their crystal-
line state.

The tough glass is not transparent at 
visible wavelengths. Instead, it has the 
silvery-gray color of polished aluminum.

“Optically, the Pd glass would 
definitely make a wonderful mirror,” 

Demetriou says. “Also, if 
toughness is required in addi-
tion to good optical properties, then 
this glass would make an ideal mirror. 
However, a very high toughness should 

be a top 
requirement, 
in order to 
justify its 
high cost as 

compared to 
other lower-cost 

metallic glasses with 
similar optical properties 

but lacking toughness.”
— Patricia Daukantas

Micrograph of deformed 
notch in palladium-based 
metallic glass shows 
extensive plastic shield-
ing of an initially sharp 
crack. (Inset) A magnified 
view of a shear offset 
(arrow) developed during 
plastic sliding before the 
crack opened.
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Electron Microscopes 
Get Twisty

NIST researchers twisted 
the flat electron wave-

fronts into a fan of helices 
using a very thin film with 

a 5-mm-diameter 
pattern of nano-

scale slits. 

R esearchers at a U.S. laboratory have 
created spiraling “electron vortex 

beams” that could lead to better electron-
microscopy images of magnetic and 
biological materials (Science 331, 192).

The team at the U.S. National 
Institute of Standards and Technology 
(NIST; Gaithersburg, Md., U.S.A.) 
created these helical electron beams by 
passing them through a nanofabricated 
diffraction hologram. 

Scientists already knew that opti-
cal vortex beams carry orbital angular 
momentum (OAM). While the wave-
length of light is on the nanometer scale, 
however, electrons, at the energies of a 
typical transmission electron micro-
scope, have a de Broglie wavelength of 
about 2 picometers (pm), says Benjamin 
McMorran, a NIST postdoctoral fellow 
and lead author of the study.

McMorran got the idea for twist-
ing electron beams from a conference 
presentation on the use of a diffraction 

to design transmission electron micro-
scopes (TEMs) that are capable of imag-
ing magnetic materials. Current TEMs 
put the samples to be imaged in a strong 
magnetic field that drowns out the field 
of the objects of interest. The electron 
vortex beams may also aid the study of 
biological materials whose lightweight 
atomic constituents are transparent to 
standard electron beams.

McMorran says he will continue to 
investigate the physical properties of the 
beams. He will also try to optimize the 
technology in other ways, such as by 
putting the grating before and after the 
sample in the electron beamline.

—Patricia Daukantas

grating to create optical vortices. He and 
his colleagues developed a thin silicon 
nitride grating with a fork dislocation, 
or half row, in the center. (Such crystal 
defects are also used in the generation of 
helical light beams.) The NIST group’s 
holograms had grating periods ranging 
from 50 to 100 nm, an order of magni-
tude smaller than those used in previous 
electron beam experiments.

When diffracted through such a 
grating and projected onto a CCD, the 
electron beams with large OAM display 
the characteristic annular intensity distri-
butions of Laguerre-Gaussian beams.

According to McMorran, research-
ers may be able to use the helical beams 

Electromagnetic Liquid 
Pistons Could Aid in 
Adaptive Imaging
W ith simple fluid dynamics, 

researchers have created an 
electromagnetically driven liquid-piston 
system that could be used for small-scale 
adaptive optics applications (Lab on a 
Chip 11, 393).

According to Amir H. Hirsa, an engi-
neering professor at Rensselaer Polytech-
nic Institute (Troy, N.Y., U.S.A.) whose 
team performed the research, some previ-
ous liquid-lens schemes involved air/liquid 
interfaces. However, for such interfaces, 
surface tension can be dominant over 
gravitational forces only at length scales 
below about 1 mm. For two immiscible 
liquids, interfacial tension can prevail 
over gravity at the centimeter scale.

Hirsa and his 
colleagues devised 
a system of droplets 
with a high index 
of refraction lodged 
within holes ranging 
from 2 to 10 mm 
wide in a substrate, 
all enclosed within 
a water-filled acrylic 
cell. The liquid has 
a refractive index of 
roughly 1.6, sub-
stantially higher than that of water. The 
researchers also used a separate set of oil 
droplets called a ferrofluid—a colloidal 
suspension of metallic nanoparticles.

Benjamin J. McMorran/NIST

An external magnetic field causes 
the ferrofluidic droplet to oscillate, and, 
thanks to the incompressibility of fluids, 
the piston pushes the other lens droplets 

Amir H. Hirsa, 
Rensselaer 
Polytechnic 
Institute

Rensselaer Polytechnic Institute (RPI)
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Optical Materials Express (oMEx) will become oSA’s newest rapid, peer-reviewed, open 
access journal. oMEx will primarily emphasize advances in novel optical materials, their 
properties, modeling, synthesis and fabrication techniques; how such materials contribute 
to novel optical behavior; and how they enable new or improved optical devices. 

first issue: May 2011
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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.

ONLINE EXTRA: To see a video of how the liquid pistons can be used 
to precisely pump small volumes of liquid, visit www.osa-opn.org. 

in the opposite direction. Th e fi eld 
strength required to drive the oscillation is 
low. “A little kitchen refrigerator magnet 
would be more than enough,” Hirsa says.

Initially, these electromagnetic liquid 
pistons could be used as tiny trans-
port pumps in lab-on-a-chip systems. 
However, the nearly perfect spheri-
cal interfaces between the oscillating 
droplets and the fl uid-fi lled cell create a 
variable lens system with curvature and 
focal length that can be controlled by 
the external fi eld. Th e article by Hirsa’s 
group includes measurements of the 
change of focus of the liquid-droplet 
lens as the ferrofl uid piston system 
moves through a phase of oscillation. 
Reconfi gurable liquid lenses, where the 
focal length is set to a fi xed value, were 
also demonstrated in this study. 

Liquid pistons (orange and black) oscillate within a water-fi lled cell (blue). As one 
ferrofl uidic piston moves up or down in response to an electromagnetic fi eld, the 
other droplets get pushed downward.

Of course, spherical lenses produce 
spherical aberration, but a complete 
optical system would consist of multiple 
lenses to reduce such fl aws. Hirsa and 

his team are working on designs for a 
complete variable-lens system that would 
employ the liquid pistons. 

—Patricia Daukantas

Rensselaer Polytechnic Institute (RPI)


