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work by Minoshima et al.2 that used higher 
harmonics of a femtosecond laser to extend 
the ambiguity range to a few hundred 
metres, combs have been incorporated 
into precision-ranging systems in various 
ways. In particular, the comb output has 
been used directly in several experiments 
to take advantage of its coherence in both 
the radiofrequency and optical domains3. 
Other research has included time-of-flight 
proposals that use pulse repetition rate 
control combined with low-coherence pulse 
interferometry4, and dual-wavelength sources 
produced using combs that generate synthetic 
wavelengths from tens of micrometres to 
several metres5. 

Buildling on this and other work, 
Ian Coddington and colleagues now 
demonstrate a new comb-based LIDAR 
technique1. Their approach combines 
the advantages of both time-of-flight 
and interferometric approaches to 
provide absolute distance measurements 
simultaneously from multiple reflectors and 
at low power. They use a pair of stabilized 
broadband, fibre-based, femtosecond-laser 
frequency combs with pulse trains of slightly 

different repetition rates (100.021 and 
100.016 MHz). One comb acts as the ‘signal’ 
source and samples a distance path defined 
by reflections off a target and reference 
plane; the other acts as a broadband local 
oscillator and recovers range information 
in an approach equivalent to linear optical 
sampling. In this way, pulse time-of-flight 
information can be obtained, yielding 3-μm 
distance precision with a 1.5-m ambiguity 
range in 200 μs. Through the optical carrier 
phase, the measurement accuracy improves 
to better than 5 nm in 60 ms, and through 
the radiofrequency phase the ambiguity 
range can be extended to 30 km, potentially 
providing ranging with an accuracy of 2 parts 
in 1013 at long distances.

Unlike standard multi-wavelength 
interferometry methods, the technique 
devised by Coddington et al. is robust to 
systematic shifts due to, for example, spurious 
reflections, which have been a significant 
source of error in other experiments. 
Furthermore, there are no assumptions 
about the initial pulse shape. As such, 
the work offers a sound technological 
underpinning to the next generation of 

formation-flying satellite missions and their 
metrological needs. At present, we are a long 
way off launching such a mission, as much 
engineering will be needed to space-qualify 
such a system. Although optical frequency 
combs have been suggested for use in space 
missions using optical clocks, existing combs 
remain mostly laboratory instruments and 
will require further development before 
they can go up in space. Nevertheless, this 
latest comb-based advance boasts a range of 
powerful features that existing techniques just 
cannot offer. ❐
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A type of paper that has the thermal 
properties of glass but is flexible, 
foldable and optically transparent has 
been fabricated by scientists in Japan 
(Adv. Mater. 21, 1595–1598; 2009). The key 
to the paper’s enticing properties is that it 
is made from cellulose pulp fibres that are 
orders of magnitude smaller (left image) 
than the microscale structure found in 
ordinary paper (right image). 

Conventional paper (centre image: the 
white disk) is not transparent because the 
size of its fibres and associated voids means 
that they are very efficient at scattering 
visible light. In contrast, the nanofibre 
paper (centre image: the clear disk) made 
by Masaya Nogi and co-workers from 

transparent nanofibre paper
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Kyoto University is chemically the same as 
conventional paper but with a miniaturized 
physical structure. Because the fibres are 
smaller than the wavelength of light and 
densely packed, the nanofibre paper behaves 
effectively as a homogeneous medium with 
little scatter and appears transparent.

The nanofibre paper is made from 
wood flour of the North American variety 
of the Douglas-fir. It is prepared in a 
water slurry and then turned into sheets, 
which are dried and polished with a fine 
sandpaper. The chemical process breaks 
down the wood fibres’ original structure 
into much smaller cellulose nanofibres.

Experiments show that a 55-μm-thick 
sheet of nanofibre paper transmits 
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between 60% and 80% of visible light (in 
the wavelength range 400 to 800 nm). 
As well as being transparent, the material 
offers some important advantages over 
other optically transparent materials. 
For example, glass has good thermal 
characteristics but is fragile and rigid, 
whereas plastics, which can be flexible, 
are typically not thermally stable and 
are prone to unwanted expansion and 
deformation. The nanofibre paper has 
the thermal characteristics of glass but is 
flexible and as foldable as ordinary paper.

Future research needs to explore 
issues such as the flammability and 
hydrophilic nature of nanofibre paper, 
but it is expected that these can be 
addressed by additional processing. As 
the nanofibre paper can be produced 
using existing paper-making facilities, 
it should be cost-effective and easy to 
mass-produce. Perhaps it may not be long 
before it finds its way into applications 
such as transparent electronics or flexible 
substrates, and as a host material for 
flexible displays including e-paper.
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