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Deciphering 
Rogue Waves

R are pulses with giant intensities—
the optical equivalent of rogue 

ocean waves—have been shown to occur 
in common laser systems. A team of 
researchers from Spain, France and Bra-
zil found a way to generate rogue waves 
and developed a model for understand-
ing them as a result of a deterministic 
nonlinear process (Phys. Rev. Lett. 107, 
053901). Extremely high waves have 
been a subject of interest over the past 
decade in oceanography as well as in 
other fields (including optics), but we 
still don’t fully understand what triggers 
them and how they develop.

Rogue waves on the ocean are typi-
cally twice the height of surrounding 
waves and have steep sides, like “a wall of 
water.” They have high amplitude, with 
a fast rise and fast fall. In the laser system 
demonstrated by the researchers, a rogue 
wave has an intensity so high that—
according to Gaussian statistics—it 
should be vanishingly improbable. Such 
waves are unusual, but occur more often 
than Gaussian statistics can explain. 
Rogue waves also can be destructive: 
paper coauthor Jorge Tredicce at the 
Université de Nice Sophia Antipolis 
(France) says, “in mode-locked lasers, 
those extreme pulses may damage the 
optics and the crystal … it is the death 
of the laser!”

Light from a continuous wave master 
laser is injected into a stabilized vertical 

Rogue waves, 
whether in the 

semiconductor 
laser system or 

on the ocean, are 
much larger than 

surrounding waves.

cavity surface-emitting laser (VCSEL) 
with stabilized pump current and tem-
perature. The VCSEL emitted at 980 nm 
in a single transverse mode.

Researchers detuned the injection 
laser from the VCSEL and found that 
the slave laser output falls into four 
regions—one of which is stable-locked 
behavior. As the VCSEL current is 
increased, the output becomes more 
and more chaotic. Near the border of 
the mode-locked region, the researchers 
found a series of small pulses inter-
rupted by occasional extremely large 
pulses. Coauthor Cristina Masoller at 
the Universitat Politècnica de Catalunya 
(Spain) explains, “we identify two types 
of optical chaos: one in which rogue 
waves are rare but they certainly appear 
and one in which practically they do 
not exist.” There appear to be areas 
where rogue waves don’t occur even if 
the behavior is chaotic.
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The experiments were inspired by Tre-
dicce’s theoretical paper that suggested 
the existence of huge intensity pulses in 
this laser system. The researchers found 
that a simple noise-free rate equation 
model produced results that agree with 
the experiments. This allowed them to 
interpret the sporadic high amplitude 
pulses as the result of a deterministic 
nonlinear process.

The group now has a simple system 
that allows them to experiment with 
optical rogue waves, as well as a model 
for describing them. Because rogue 
waves occur in other systems, ranging 
from ocean surface to acoustic waves to 
economics, their work could have impli-
cations far beyond the realm of optics. 
Next, they want to find a mechanism 
that creates rogue waves in their system, 
as well as whether they can increase or 
decrease their likelihood. 

—Yvonne Carts-Powell

Microring Resonator Comb Shapes 
Ultrashort Pulses

F requency combs generate discrete 
spectral lines at specific wavelengths 

—but they can also generate precise 
short pulses. A team based at Purdue 
University (Indiana, U.S.A.) crafted a 
tiny, chip-sized ring resonator comb that 

generates shaped pulses (Nature Photon-
ics doi:10.1038/nphoton.2011.255).

Unlike most investigations of fre-
quency combs, Andrew M. Weiner, a 
Purdue professor of electrical and com-
puter engineering, and his colleagues 

have been studying the technology 
in the time domain. In their experi-
ments, they sent light from a tunable 
diode laser through a silicon nitride 
ring and then through a pulse shaper to 
explore the coherence of the resulting 
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(Left) A microring resonator that converts continuous laser light into numerous ultrashort 
pulses. (Right) A grooved structure that holds an optical fiber leading into the device.

pulse trains. Weiner’s former graduate 
student, Houxun Miao, now a scien-
tist with the U.S. National Institute of 
Standards and Technology, fabricated 
the rings, which have diameters of 80 to 
400 µm.

Weiner’s group showed that a fre-
quency comb can produce precise pulse 
trains. The pulse shaper allows scien-
tists to specify the relative phases of 
the comb lines. Stability of the phases 
is important. Combs with fluctuating 
phase alignment produce less periodic 
pulse trains, which the team dubbed 
“partially coherent” behavior. 

“It’s proof that under some condi-
tions you can make beautifully regularly 
repeating pulse trains, which open up 
time-domain applications, but also kind 
of a warning that it doesn’t always hap-
pen that way,” Weiner said. The research-
ers are still studying the behavior of 
partially coherent pulse trains.

According to Weiner, short, regular 
pulses, repeating at 100 GHz and above, 
are useful because they can measure very 
fast events and very high peak intensi-
ties. The technology could be useful in 

telecommunications signal processing and 
THz wave generation. Another potential 
application is in rapidly tunable microwave 
filters for wireless military communication.

—Patricia Daukantas

10 µm
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Suppressing Spontaneous Emission 
Inside a Photonic Crystal

S cientists at the University of Twente 
(Netherlands) have demonstrated a 

prediction made nearly a quarter-century 
ago: that spontaneous emission of light 
can be inhibited within a 3-D photonic 

bandgap (Phys. Rev. Lett. 107, 193903). 
By learning how to control such emis-
sion and suppression, researchers could 
someday build better solid-state lasers or 
reduce the noise in quantum computers.

Willem Vos, Merel Leistikow and 
their colleagues built an “inverse 
woodpile” photonic bandgap crystal 
by etching orthogonal arrays of pores 
into a silicon wafer. They calculated 
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Complex, 3-D 
structure of  
a protein.

Following 
Protein Folding

Johannes Stigler/Technical University of Munich

Ultrastable, high-resolution 
optical tweezers manipulate 
a single molecule to investi-
gate how proteins fold. 

P roteins fold like a complicated 
origami: Imagine long thin strips 

of paper that pleat according to an 
elaborate set of rules. We know that the 
way proteins tangle into 3-D arrange-
ments determines how they interact with 
other molecules, but how they assemble 
remains a mystery. Is there only one 
route that leads to the correctly folded 
protein? What mechanisms control how 
it folds? Do multiple domains compli-
cate folding? How does the energy state 
change as the structure changes? A new, 
single-molecule method could provide 
answers to many of our questions about 
protein folding. 

Johannes Stigler and others in Mat-
thias Rief ’s group at the Technical 
University of Munich (Germany) used 
single-molecule force spectroscopy with 
ultrastable optical tweezers to measure 
the length of a single protein and the 

force spectroscopy deals with (as the 
name suggests) a single molecule, folding 
details can be gathered that would be 
lost in spectroscopic methods that aver-
age data from many molecules.

Through intermediary steps, research-
ers in the Reif lab attach the ends of a 
calmodulin molecule to glass beads that 
can be manipulated with optical twee-
zers. With ends secured, the molecule 
is pulled straight with precise and fine 
force on the order of piconewtons. When 
the ends are let go, the release of tension 
causes the molecule to refold. Length, 
mechanical forces and time are measured 
while the molecule progresses toward 
its original shape. The lab repeated this 
process many times to generate energy 
maps of the folding process.

Calmodulin is a relatively small mol-
ecule, simpler than many proteins in the 
body. Even so, folding is complicated. 
Rief says, “Nature manages to fold much 
more complex proteins without major 
misfoldings. Understanding this still 
remains a challenge for the future, and 
single-molecule experiments will help 
to resolve it.”

—Yvonne Carts-Powell

force required to cause a change in 
the folding state (Science 28, 512; doi: 
10.1126/science.1207598). Data from 
these experiments provide informa-
tion about protein structure that is not 
accessible by other methods such as 
X-ray studies or nuclear magnetic reso-
nance spectroscopy.

The Reif lab found that different 
domains of the calmodulin molecule can 
fold independently or interfere with each 
other leading to dead ends that must be 
unfolded before the desired end state 
can be reached. Because single-molecule 
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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.
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University of Twente, Netherlands
Scanning electron microscopy 
image of a 3-D inverse-woodpile 
photonic crystal made from silicon. 
The red dashed line delimits the 
3-D crystal, which is surrounded 
by a 2-D crystal.

the theoretical bandgap where all 
modes of light waves are forbid-
den—the photonic bandgap.

Next, the researchers immersed 
the crystal into a solution of col-
loidal quantum dots made of lead 
sulfide, which at room temperature 
emit at photon energies of 0.8 to 
0.9 eV, corresponding to telecom-
munications wavelengths (1,500 
to 1,390 nm). The team excited 
the dots with short pulses from 
a 532-nm-wavelength laser. The 
excited quantum dots act as single-
photon sources. Because the dot 
emission was relatively low, they had to 
collect the light for hours and carefully 
subtract background noise.

As predicted, the decay rates of the 
quantum dot emissions within the pho-
tonic bandgap were reduced by a factor 

of 10, while they were enhanced by 
as much as a factor of two outside the 
bandgap. In other words, it took the 
dots 10 times longer to emit a photon 
within the crystal. In an actual finite-
sized photonic crystal, the strength of 

the effect depends on the distance 
of the dots from the surface of 
the crystal.

The results build on theo-
retical studies of cavity quan-
tum electrodynamics begun by 
Eli Yablonovitch (University 
of California) and Sajeev John 

(University of Toronto) in the late 
1980s. The Twente group included 
researchers from the FOM Institute for 
Atomic and Molecular Physics, also in 
the Netherlands.

— Patricia Daukantas
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