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Metamaterial Superlenses 
for the Visible and UV

A new design for metamaterial lenses 
allows the operating frequency to 

be scaled almost to the ultraviolet. The 
work, by Muhammad I. Aslam and 
Durdu Guney at Michigan Technologi-
cal University (U.S.A.), is an extension 
of previous studies that only reached 
the long-wavelength edge of the visible 
spectrum (Phys. Rev. B, doi: 10.1103/
PhysRevB.84.195465). Visible or UV 
lenses made using these technologies 
would enable optical microscopes with 
resolutions down to 100 nm, below the 
diffraction limit.

Metamaterials can have negative 
refractive indices, a property not yet 
found in nature. Even though devices 
that work in the radio frequency and 
infrared exist, building such materials 
for the visible and UV spectra has been 
problematic. This is because, in the vis-
ible spectrum, the magnetic response is 
usually very weak and losses very high. 
Double-negative metamaterials (in 
which both the permittivity and perme-
ability are negative) could offer better 
performance. Aslam and Guney have 
used a novel design in which a periodic 
array of nanostructures interacts with 

Plot of the magnetic field in a new superlens design. The col-
ors indicate the magnetic field generated by surface plasmon 
polaritons; the black arrows show the direction of electrical 
current in metallic layers; and the numbers indicate current 
loops that contribute to negative refraction.

surface plasmons of a 
thin metal film. 

In previous work, 
they demonstrated 
that surface plasmons 
on a thin metal film 
can interact with 
nearby nonresonant 
structures to generate 
strong magnetic and 
electric responses in 
the visible spectrum. 
Now they use that 
to create interference 
between the magnetic 
fields due to localized surface plasmons 
and thin-film surface plasmons. The 
fields cancel each other, resulting in  a 
net magnetic moment strong enough to 
achieve negative effective permeability at 
the optimized wavelength. 

Importantly, the design can be opti-
mized to operate at any wavelength in 
the visible spectrum and possibly into 
the UV. Guney says, “This frequency 
scaling is extremely important to build-
ing optical microscopes with resolu-
tions comparable to very expensive and 
large imaging devices like atomic force 

Durdu Guney

From N. Rohringer et al. Nature doi:10.1038/nature10721.

microscopes and scanning electron 
microscopes.” If the lenses work at UV 
wavelengths, they could extend the 
reach of optical lithography.

The paper describes lens designs opti-
mized for green and violet wavelengths. 
The current design does not address 
making a broadband lens. “Experimental 
demonstration of broadband negative 
index may take couple of years,” Guney 
says. Making a superlens requires a few 
more steps, he says, and may take up to 
five years.

—Yvonne Carts-Powell

Finer Control from an X-ray Laser 
A new laser emits coherent pulses 

at the short X-ray wavelength of 
1.46 nm—in energy terms, that’s in the 
kiloelectronvolt regime. Nina Rohringer 
from the Center for Free Electron Laser 
Science at the Deutsches Elektronen Syn-
chrotron (Germany) and others reported 
creating the high-energy laser with gain 
by population inversion, which provides 
femtosecond-duration as well as high-
intensity X-ray pulses with narrower 
emission wavelengths, better wavelength 
stability and improved temporal coher-
ence compared with X-ray free-electron 
lasers (Nature 481, 488). This new laser 
enables high-resolution spectroscopy and 

nonlinear X-ray studies for 
more precise investigations 
into ultrafast processes 
and chemical reactions.

Most lasers with vis-
ible and infrared wave-
lengths use population 
inversion to create lasing; 
but X-rays lasers—while 
theoretically capable 
of being created this 
way—have used alterna-
tive schemes, partially 
because X-ray sources could not act 
as adequate pumps. The development 
of the bright free-electron laser in the 

linac coherent light source (LCLS) at 
the Stanford Linear Accelerator Cen-
ter’s National Accelerator Laboratory 

(Left) A beam from the free-electron X-ray laser pumps neon 
in a gas cell, which emits coherent X-rays. An X-ray grating 
spectrometer separates the wavelength. (Right) The X-ray 
spectrum captured by a CCD detector shows the pump 
beam (bottom) and X-ray laser (top) lines.
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(U.S.A.) provides the character-
istics required to create a popula-
tion inversion. 

The pump laser shines on 
a capsule of neon gas. When 
absorbed by an atom, the power 
from the X-ray photon kicks an 
electron from an inner shell out 
of the atom entirely. When other 
electrons dropped into the holes, 
about one in 50 atoms emitted 
a photon at 1.46 nm (849 eV). 
Those X-rays then stimulated 
neighboring neon atoms to emit 
more X-rays, creating a chain 
reaction that amplified the light 
200 million times.

The illustration on the right 
shows how the bright free-electron laser 
in the LCLS works. The X-ray laser 
pulse (green) hits a neon atom (center). 
An electron in the closest orbit to the 
atom nucleus (brown) is kicked out 
(green sphere, upper left). An outer 

Gregory M. Stewart, SLAC National Accelerator Laboratory

electron drops into the vacated inner 
orbit (orange burst near the nucleus) 
and releases a hard X-ray photon (yellow 
light beam).

The LCLS is a free-electron laser, 
which creates X-rays by passing 

high-energy electrons through 
alternating magnetic fields. 
Its X-ray pulses are bright and 
powerful but not immensely 
stable in terms of wavelength or 
timing. In contrast, the atomic 
laser’s pulses are only one-eighth 
as long (5 fs) and less powerful, 
but have better monochromatic-
ity and coherence. 

“We envision researchers using 
this new type of laser for all sorts 
of interesting things, such as 
teasing out the details of chemi-
cal reactions or watching bio-
logical molecules at work,” says 
Rohringer. Future experiments 
may focus on even shorter-pulsed, 

higher-energy atomic X-ray lasers using 
oxygen, nitrogen or sulfur. “The shorter 
the pulses, the faster the changes we can 
capture. And the purer the light, the 
sharper the details we can see.”

—Yvonne Carts-Powell
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Greg Hren, MIT Research Laboratory of Electronics

Taking Pulse Trains to Attosecond Precision

F emtosecond laser frequency combs 
have enabled many advances in 

metrology, from optical atomic clocks 
to the search for extrasolar planets. 
Researchers at the Massachusetts Insti-
tute of Technology (MIT, U.S.A.) have 
figured out that these optical pulse trains 
are precise down to the attosecond (as) 
level (Nature Photon., doi:10.1038/
nphoton.2011.326).

The researchers set up two indepen-
dent hand-built 10-fs Ti:sapphire mode-
locked lasers and, by comparing their 
signals, found they had an integrated 
timing error of less than 13 as across 
short timescales of roughly 100 µs, or at 
least 1,000 laser pulses.

Essentially, the team assumed the 
two laser signals were identical and 
beat them against each other in order 
to measure the average error of both 
devices, according to MIT electrical 

The team did not stabilize the fre-
quency comb so that they could measure 
the intrinsic noise of the laser systems, 
Kärtner explained.

The equipment in this experiment 
could measure only down to the 10-as 
range, so the group did not even reach 
the fundamental limit of the timing jit-
ter, which may be 1 as or less. This limit 
arises from spontaneous emission noise 
within the amplifier of the mode-locked 
laser, Kärtner said.

Such precise pulse trains can become 
the “optical clockwork” of an X-ray 
laser, Kärtner said. The signals can  
synchronize the components of next-
generation X-ray and free-electron lasers, 
which could illuminate slow-motion 
“movies” of chemical and atomic 
processes evolving at femtosecond or 
attosecond timescales.

—Patricia Daukantas

engineering professor Franz X. Kärtner, 
who also works at the DESY Center for 
Free-Electron Laser Science in Ham-
burg, Germany. The researchers phase-
locked the pulse trains and measured 
the timing jitter with a balanced optical 
cross-correlator.

Optical lasers can be 
used to synchronize 
free-electron lasers.

Each ultrafast laser acts as an optical 
flywheel that releases an extremely 
equidistant pulse stream.

Fiber-Based Ellipsometry for Studying Thin Films

T raditional ellipsometry, a method 
for measuring the dielectric prop-

erties of thin films, requires precise 
knowledge of the light beam polariza-
tion that probes the sample. A group 
led by Feng Liu and Chris J. Lee of the 

Dutch Institute for Fundamental Energy 
Research (formerly FOM Institute 
for Plasma Physics Rijnhuizen in the 
Netherlands) demonstrated that accurate 
polarization-based measurements can 
be achieved even when the probe beam 

passes through an optical fiber of varying 
birefringence (Opt. Express 20, 870).

The researchers directed a linearly 
polarized light beam from a He-Ne laser 
through a polarization-maintaining fiber, 
part of which was immersed in a heated 

Andrew J. Benedick, MIT
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The ability to create realistic, accurate, and detailed optomechanical models in FRED –
Photon Engineering’s industry-leading system design and analysis software – has taken a
solid step forward. Now, with our latest release, FRED has the ability to create composite
solids using Boolean operations.

By giving you the power to perform true boolean
operations, FRED improves the fidelity of your models
and makes it even easier to build complex structures.
You can also export your composite solids to STEP and IGES file formats
for data exchange with CAD programs. Best of all, FRED's composite solids
have the added flexibility of being dynamic; when you modify a component
element, FRED automatically updates the composite solid.

Discover all the reasons FRED has been used for more than a decade by
scientists and engineers worldwide for 3-D optomechanical design and
analysis. Contact Photon Engineering today for a free demo version of FRED.

A Solid Performance.

Motion tracking assembly modeled
using only composite solids.

Patricia Daukantas (patd@nasw.org) and 
Yvonne Carts-Powell (yvonne@nasw.org) are 
freelance science writers who specialize in 
optics and photonics.
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3-D projection of the polarization state of the 
light exiting the fiber on the Poincaré sphere.

water bath to simulate environmen-
tal changes that would stress the 
fiber material. The team needed 
to change the fiber’s tempera-
ture by only three degrees Cel-
sius to explore the complete 
range of polarization states. 
Except for the presence of the 
fiber and the water bath, this 
is the same setup used in stan-
dard ellipsometry experiments.

The scientists plotted the 
output from the fiber on a Poin-
caré sphere. Despite the stresses on 
the fiber, the polarization states of the 
emerging light traced out a 2-D orbit 
on the sphere. Small deviations from 
this orbit yield details about the thin 
film being investigated.

By studying the orientation of 
the orbit, researchers can make 

polarization-based measurements 
without knowing the precise details 

of the polarization of the probe 
beam. The important detail is the 

change of the polarization during 
the measurement.

To demonstrate that this 
technique works, the team 
performed fiber-based ellip-
sometry on three multilayer 
Bragg mirrors, two of which 

were coated with carbon slightly 
less than 1-nm thick. The fiber-

based experiment detected the 
carbon coatings via measurements 

that compared well with those from a 
conventional ellipsometry setup.

Ellipsometry is useful in the monitor-
ing of epitaxial fabrication, contamination 
monitoring of optical coatings and other 
areas of surface science and engineering.

— Patricia Daukantas
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