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research highlights
CARBON NANOTUBES

Black forest
Appl. Phys. Lett. 101, 243116 (2012)

A Fresnel lens — a lens that consists 
of alternating transparent and opaque 
zones, and focuses through diffraction 
and carefully planned constructive 
interference — is attractive because it 
permits the creation of lenses with a large 
aperture and a short focal length in a very 
thin geometry. However, conventional 
designs suffer from degraded focusing 
due to reflections from the opaque zones. 
Now, exploiting the near-perfect optical 
absorption of a carbon nanotube forest 
as the material for the opaque zones, 
Haider Butt and colleagues from the UK, 
Australia and Sri Lanka have produced 
a cylindrical Fresnel lens. The carbon 
nanotube forests, which the researchers 
fabricated on a silicon substrate using 
photolithography, comprised randomly 
placed nanotubes with spacings of the order 
of a few tens of nanometres. Incident light 
reflected from the uncovered regions of the 
silicon substrate and was observed to focus 
into a line. With a focal length of 125 μm, 
the cylindrical lens was 77 μm wide and 

2 mm long, and operated at a wavelength 
of 800 nm. The researchers reported an 
efficiency of the order of 15%, but suggest 
that this could be improved by coating 
the reflecting zones with a metal such as 
aluminium, or nanomaterials such as zinc 
oxide nanowires and graphene. This Fresnel 
lens is promising for use as a concentrator in 
photodiodes and photovoltaics.   RW

METAMATERIALS

Photonic topological insulator
Nature Mater. http://dx.doi.org/10.1038/
nmat3520 (2012)

Topological insulators — materials whose 
interiors behave as an electrical insulator, 
but whose surfaces support conducting 
states — have generated great interest in 
recent years. Alexander Khanikaev and 
co-workers from the University of Texas 
at Austin in the USA have now proposed 
a photonic topological insulator that is 
fabricated by arranging judiciously designed 
metamaterials into two-dimensional 
superlattices, known as metacrystals. Each 
metacrystal consists of a hexagonal array 
of spin-degenerate uniaxial metamaterial 
rods. Giant magneto-electric coupling 
from microwave to visible frequencies 
could then be realized by using single 
metamolecules such as split-ring resonators, 
Ω-particles or metallic helices. To verify 
the non-trivial topological character of the 
photonic states, the researchers simulated 
spin-polarized one-way propagation of 
photons at interfaces of various forms 
between topologically distinct photonic 
topological insulators. The direction of light 
propagation depended on whether the spin 
was up or down. As long as time-reversal 
symmetry was present, the one-way spin-
polarized surface waves remained even if 
both adjacent metacrystals had cavities or 
disordered domains. This behaviour is quite 

useful for suppressing backscattering and 
enables multiple non-obscuring radiation 
sources to be placed in close proximity 
without applying external magnetic fields or 
breaking time-reversal symmetry.  NH

PHOTODETECTORS

Nanowire arrays
Adv. Func. Mater. http://dx.doi.org/10.1002/
adfm.201202739 (2013)

Arrays of single-crystal Zn3As2 nanowires 
are promising for use in field-effect 
transistors (FETs) and visible-light 
photodetectors, according to scientists in 
China. Gui Chen and co-workers from 
Huazhong University of Science and 
Technology have succeeded in synthesizing 
high-quality p-type Zn3As2 nanowires. FETs 
and photodetectors based on the nanowires 
were fabricated on silicon substrates by a 
contact printing process. The FET devices 
had on/off ratios of over 104 and a threshold 
voltage of –11.22 V. The photodetector 
properties were also investigated. The 
photocurrent reached about 3 μA under 
a light intensity of 2.52 mW cm–2 and a 
bias voltage of 2 V. The detector’s temporal 
response had rise and fall times of the 
order of 0.1 s and 1 s, respectively. Tests 
revealed that the current–voltage curve of a 
photodetector fabricated on a polyethylene 
terephthalate substrate remained almost 
constant even after 120 bending cycles.  NH

SENSORS

CO2 check
Opt. Eng. 52, 010502 (2013)

Reducing CO2 emissions is an essential 
step in the fight against global warming. 
This need has driven the development of 
CO2 sequestration schemes that involve 
pumping CO2 underground for long-term 
storage. It is thus necessary to monitor CO2 
levels on the ground and underground in 
real time to estimate CO2 movement and 
leakage. Conventional electrochemical or 
semiconductors CO2 sensors are cross-
sensitive to other chemical species, and 
often cannot operate at high temperatures 
and humidities. Dian Fan and co-workers 
from Wuhan University of Technology, 
China, and Virginia Tech, USA, have now 
proposed a CO2 detection system based on 
near-infrared laser spectroscopy. Instead of 
probing the strong absorption of CO2 gas in 
the mid-infrared region, they used a weak 
absorption line near 1,572 nm. During tests, 
the researchers tuned the laser wavelength 
in the range of 1,571.0–1,572.5 nm and filled 
CO2 samples with concentrations of 0–90% 
in a 20-cm-long gas cell. After obtaining 
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The brightest luminescent protein to date, aptly named Nano-Lantern, has been 
developed by scientists in Japan. Kenta Saito and his co-workers say that it will allow 
biological phenomena to be imaged on the scale of single cells, organs or the whole 
body in animals and plants. It is anticipated to be particularly useful in cases where 
fluorescence cannot be used. Nano-Lantern is a chimera of enhanced Renilla luciferase 
and the fluorescent protein Venus and emits green light at around 530 nm. The Japanese 
researchers demonstrated that it permits real-time imaging of intracellular structures in 
living cells with a spatial resolution similar to that of fluorescence imaging. Although the 
light emitted from Nano-Lantern has a power density that is about 100 times weaker than 
that of typical fluorescence, it has a much lower noise level so that the signal-to-noise 
ratio is equivalent to that of fluorescence imaging. Furthermore, an external light source is 
not required to drive the emission.  OG

LUMINESCENT PROTEINS

Brighter than ever Nature Comms. 3, 1262 (2012)
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