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research	highlights
GeophYsics

to the centre of the earth
Science 322, 1529–1532 (2008)

The flow of heat from the Earth’s core to its 
surface controls convection in its mantle and 
plate tectonics. It is generally assumed that 
minerals in the lower mantle do not transfer 
any heat by radiation because they absorb 
it so strongly. But the optical properties of a 
mantle mineral measured by Hans Keppler 
and colleagues tell a different story.

Radiative heat transfer involves the 
emission and absorption of light by hot 
mantle rock. The lower mantle, which 
makes up roughly half of the Earth’s mass, 
consists of about 80% silicate perovskite; by 
measuring its optical properties, scientists 
can infer information about the radiative 
component of the thermal conductivity.

Keppler et al. produced a sample 
of aluminous silicate perovskite from 
glass powder at 25 GPa and 2,000 °C in a 
multi-anvil press. Near-infrared and optical 
absorption spectra were collected using 
a Fourier transform spectrometer and an 
all-reflecting microscope. The data show 

that the perovskite remains fairly transparent 
even up to 125 GPa (the pressure at the 
core–mantle boundary), with a radiative 
thermal conductivity of 10 W m–1 K–1. This 
implies that heat conduction is dominated by 
radiation after all.

MicroFLuiDics

Drop by drop
Appl. Phys. Lett. 93, 221110 (2008)

Pei-Yu Chiou and co-workers from 
University of California at Los Angeles and 
Berkeley have come up with a new way of 
manipulating liquid droplets — a single, 
continuous optoelectrowetting (COEW) 
electrode. Electrowetting uses a voltage to 
modify the wetting properties of a solid 
material. Optoelectrowetting refers to the 
control of electrowetting using patterned 
optical images — typically, it involves using 
a patterned electrode serially connected 
to a photoconductor. By illuminating the 
photoconductor with light, the voltage 
used to achieve the electrowetting can be 
optically modulated. But in such a system, the 
minimum droplet size that can be manipulated 
is limited by the size of the electrode.

The COEW electrode of Chiou et al. 
overcomes this droplet-size limitation. Their 
use of a featureless photoconductive substrate 
instead of pixellated electrodes means that 
the droplet size is determined by the spot size 
of the light beam used. The COEW electrode 
consists of a coated glass as the lower substrate 
layer and a coated upper surface made from 
indium tin oxide glass.Using a 20-μm light 
spot and a peak-to-peak voltage of 200 V, 
droplets sandwiched between the two layers 
can be made to move as fast as 1 mm s–1. The 
technology could be used to drive droplet 

injection, merging and splitting, which would 
be useful for biological and chemical analysis.

attoseconD phYsics

Light at the end of the tunnel
Science 322,	1525–1529 (2008)

Quantum tunnelling — whereby a 
particle penetrates a region that would 
be energetically forbidden in the classical 
world — is one of the hallmarks of quantum 
physics. But the question of whether the 
process occurs over a finite time or is 
instantaneous has been the subject of debate 
for over 60 years. Scientists in Switzerland, 
Canada, Germany and the Netherlands have 
now come together to unravel this mystery.

Petrissa Eckle and colleagues use intense, 
5.5-fs-long near-infrared laser pulses to 
ionize a helium atom. First, the bound 
electron tunnels through the potential 
barrier created by the superposition of the 
helium atom’s Coulomb potential and the 
laser field. Second, the now-free electron is 
accelerated by the optical field and acquires 
a linear momentum that depends only on 
the field strength at the time of tunnelling. 
By establishing an absolute reference point 
in the laboratory (which can be done by 
elliptical polarization of the laser beam), 
the momentum shift of the electron can be 
used to infer the tunnelling timescale. Using 
attosecond angular streaking, the team 
record an upper limit of 34 attoseconds on 
the tunnelling time delay and an intensity-
averaged upper limit of 12 attoseconds. In 
effect, tunnelling takes no time at all.

MicroscopY

snoM solution
Appl. Phys. Lett. 93, 213103 (2008)

Scanning near-field optical microscopy 
(SNOM) can image and pattern surfaces 
with a significantly better resolution than 
conventional far-field techniques. Various 
ways of integrating SNOM probes with  
light sources have been explored, but so 

Freak waves, formally known as rogue waves, were the stuff of sea legends until relatively 
recently. Now firmly established in the scientific literature, rogue waves occur not only in the 
ocean as random 100-foot waves that can sink ships, but in optical systems as rare bursts of 
intense light.

Daniel Solli and colleagues at the University of California, Los Angeles, have shown how 
rogue light waves can be used to actively control a nonlinear process — supercontinuum 
generation — with minimal effort. Supercontinuum (SC) light differs from ordinary 
white light in that it can be much brighter, and more coherent and directional. Below the 
SC threshold, very little white light is generated, although rogue waves can be spontaneously 
emitted due to accidental seeding by noise.

Solli and colleagues show that the instability and randomness of these rogue waves can be 
used to enhance and stabilize SC generation. They use a timed, frequency-shifted, weak seed 
pulse to lower the SC power threshold by more than 25% and increase the average intensity of 
the SC light produced. Seeded SC has 90% fewer fluctuations in the power of the generated light 
and a significantly enhanced pulse-to-pulse coherence. The result is an optically switchable, 
ultrastable, bright SC that could be useful for data switching and routing in optical networks.

nonLinear optics

harnessing rogue waves Phys. Rev. Lett. 101, 233902 (2008)
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far none have successfully combined high-
resolution imaging or lithography with UV 
light emission.

James Kingsley and colleagues at the 
University of Sheffield, UK, have now 
designed an ultracompact near-field optical 
probe that operates in the UV region. Their 
device contains a GaN UV LED, a microlens 
to focus the light, and a cantilever-style 
SNOM probe (a hollow pyramidal probe 
with a subwavelength aperture at its apex) 
near the lens to perturb the local fields. Using 
their device, the team is able to generate 
features as small as 35 nm — or one tenth of 
the wavelength used — in a photoresist.

The probe can be incorporated into many 
commercial atomic force microscopes, 
which could help make SNOM more 
accessible and practical than before. Aside 
from nanolithography, this UV device 
could prove particularly useful for studying 
the wealth of interesting photochemistry 
that is accessible in this wavelength 
through spectroscopic imaging.

photoVoLtaics

eking out efficiency
Nano Lett. doi:10.1021/nl8032763 (2008)

Converting sunlight into hydrogen through 
water splitting is one of the most promising 
clean alternatives to fossil fuels. Efficient 
electrolysis is, however, notoriously difficult 
to achieve, mainly because it is hard to find 
a photoanode that is both efficient and able 
to withstand an aqueous environment. 
Yun Jeong Hwang and colleagues have now 
shown that Si/TiO2 nanowire arrays offer 
improved photoactivity.

Both TiO2 and Si have been extensively 
studied as potential anode materials for use 
in electrolysis. Unfortunately, TiO2 has a 
large bandgap energy, and therefore poor 
sunlight-to-hydrogen conversion efficiency 
(less than 4%). Although Si is more efficient, 
it readily corrodes in water and cannot 
oxidize water spontaneously. Heterojunction 
anodes are promising because they consist of 
a small-bandgap semiconductor protected by 
a stable semiconductor. 

Hwang et al. investigated dense arrays of 
p-type and n-type Si nanowires onto which 
TiO2 was grown. They found that Si/TiO2 
core/shell nanowire arrays have photocurrent 
densities that are 2.5 times larger than those 
obtained with planar Si/TiO2, because the 
nanowires help suppress sunlight reflection 
and offer a higher surface area for light 
absorption. Furthermore, an n-type-
Si/n-type-TiO2 heterojunction offers the 
highest photocurrents because this system 
enhances charge separation and minimizes 
recombination.

caVitY QeD

Best of both worlds
Phys. Rev. Lett. 101,	223601 (2008)

The backbone of future quantum 
information networks will probably consist 
of single atoms exchanging single photons. 
Quantum protocols involving atom–photon 
entanglement can be implemented either by 
optically exciting trapped atoms in a free-
space environment, or by using an optical 
cavity to efficiently direct photon emission. 
A group of German scientists have now 
combined the best of both worlds.

Jörg Bochmann et al. generate single 
photons by exciting 87Rb atoms that are 
trapped in an optical cavity using 3-ns laser 
pulses that are much shorter than all other 
relevant processes. Similar to the excitation 
of an atom in free space, the fast laser pulse 
transfers the atom into an excited state. But 
because the coupled atom-cavity state is not 
an eigenstate of the coupled system, there is 
an oscillating energy exchange between atom 
and cavity, and the photon emission is delayed 
in comparison with the free-space system.

Interestingly, the wave packet of the 
emitted photon is governed solely by the 
spectrum of the coupled atom-cavity system, 
and is independent of the shape and frequency 
of the excitation pulse. This technique will 
be useful for future quantum networking 
experiments, and could point to new ways of 
shaping single-photon wave packets.

Lens technoLoGY

a shrinking world
Nano Lett. doi:10.1021/nl802830y (2008)

These days most optical devices are 
shrinking, and lenses are no exception. Lens 
miniaturization has been essential for the 
development of modern solid-state image 
sensors and could be important for other 
optoelectronic specialities, such as displays, 
solid-state lighting and perhaps even 
solar cells.

Unfortunately, as the size of conventional 
dielectric-based lenses drops to that of a 

single wavelength, the focusing capability 
suffers. Scientists have previously suggested 
patterning arrays of nanoscale slits in opaque 
metallic films as a way of maintaining the 
focusing power on a smaller scale. In such an 
array, an incoming plane wave would undergo 
a phase shift that depends on the dimensions 
and material of each slit. By adjusting the 
properties of each slit, a curved phase front 
can be created and focusing can be achieved.

Lieven Verslegers and co-workers at 
Stanford University have now built such an 
array in practise. Using a combination of 
thin-film deposition and focused ion beam 
milling, they etch an array of nanoscale 
slits (with widths from 80 to 150 nm) into 
a 400-nm-thick gold film. Using confocal 
measurements and electromagnetic 
simulations they confirm far-field focusing. 
The authors hope to apply their design 
principles to other optical components.

seMiconDuctor Lasers

VcseLs go blue
Appl. Phys. Express 1, 121102 (2008)

Gallium nitride has had an important role 
in the development of blue and UV LEDs 
and laser diodes, and it now seems that 
blue vertical-cavity surface-emitting lasers 
(VCSELs) may be next. Yu Higuchi and 
colleagues from Nichia in Japan now claim 
to have fabricated the first GaN VCSEL that 
supports electrically driven continuous-wave 
lasing at room temperature. The device emits 
up to 0.14 mW of blue light at a wavelength 
of 414 nm when driven by a current of up 
to 12 mA, and has a threshold current for 
lasing of about 7 mA. The blue VCSEL 
is fabricated on a silicon substrate and 
composed of InGaN/GaN multi-quantum-
wells sandwiched between two distributed 
Bragg reflectors made from thin, alternating 
layers of SiO2 and Nb2O5. The output laser 
light was confirmed experimentally to be 
linearly polarized.
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