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“SWIFTS, A VERY SMALL SPECTROMETER”

energy is recovered using a minimum number of detectors. This
method is therefore much like a spectrometer with simultaneous
recorded Fourier transforms; that is, no moveable part is required
to record the information needed to restore the spectrum.

The second SWIFTS configuration (Fig. 1b) is based on the
same near-field detection idea, but, instead of using a mirror,
the light is injected from both sides of the waveguide. A
similar configuration has been proposed by Labeyrie10 for a data-
storage system, and is an extension of holography11,12 or of a
Sagnac interferometer13. In this configuration, the resulting
interferogram is a typical symmetric Fourier interferogram
(Fig. 1b), which, in contrast with the mirror configuration, is
sensitive to the OPD. This type of spectrometer could therefore
also be used in metrology.

Before addressing fabrication details and issues, we would like
first to consider the typical characteristics that would be expected
in spectrometers based on the SWIFTS concept. These relate to
spectral resolution, efficiency and bandwidth. As in classical Fourier
spectrometry, the spectral resolution achieved by SWIFTS is given
by the length of the detected interferogram: R ¼ l/Dl ¼ 2nL/l,
where n is the effective refractive index of the waveguide, l is the
wavelength, Dl is the wavelength resolved by the spectrometer, and
L is the length of the waveguide probed by the local detectors. In a
single-mode waveguide, the spectral resolution is only limited by
the optical length (nL). Hence, SWIFTS has no intrinsic limitation
in resolution. For example, SWIFTS based on an optical waveguide
including detectors placed over a length of 1 cm (107 nm), would
allow for a spectral resolution of about R ¼ 40,000 (15 pm) at a
600-nm wavelength.

Connes8 has already noted that an ideal Lippmann plate
efficiency can exceed 63%. Here, we theoretically and
numerically demonstrate that an optimal efficiency of 74%
can be obtained with a SWIFTS, assuming that each detector
has an ideal quantum efficiency and extracts exactly the same
amount of energy, that is, the fraction of the total energy at
each detector hloc ¼ 1/N, where N is the total number of
detectors (see Supplementary Information, ‘SWIFTS’s internal
efficiency’ section).

Finally, the recoverable spectral range is ruled by two
parameters: the sampling interval (that is, the physical distance
between two consecutive detectors) and the spectral range in
which the waveguide remains single-mode. With a sampling
interval satisfying the Nyquist criterion, the recoverable spectral
range is typically 400–500 nm for asymmetric waveguides at
1,550 nm, even more for symmetric waveguides and photonic-
crystal waveguides.

DESIGN AND CONSTRUCTION

It is clear that to be fully efficient, SWIFTS depends on the
development of nanodetectors, which are not readily available as
yet. For a very first demonstration, an intermediate solution
based on light scattering was developed. The idea was to use
nanometric scattering centres (see Supplementary Information,
‘Near-field probe efficiency’ section) deposited on the waveguide
surface to extract the stationary field from the waveguide and
thus make far-field detection possible, using two-dimensional
planar detectors. As we cannot use a detector array with a pitch
equal to the quarter wavelength over a wide spectral domain, the
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Figure 1 Stationary-wave integrated Fourier-transform spectrometry. a, In the Lippmann configuration, the forward propagating wave coupled in the waveguide
is reflected on the mirror, leading to a stationary wave. If the light is polychromatic, the sum of the stationary waves forms a Lippmann interferogram. b, For the
counterpropagative configuration, the light is divided upstream of the spectrometer. If the OPD between the two beams is null, the white fringe of the Fourier
interferogram will be located at the waveguide centre; it is sensitive to the phase shift. c, Schematic of the near-field detection of the guided mode using a collection

of nanodetectors.
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SWIFTS (Stationary Wave Integrated Fourier Transform Spectrometer) is a new family of

spectrometers based on a very promising integrating technology. It is an original way to fully

sample the Fourier interferogram obtained in a waveguide by either a reflection (SWIFTS

Lippmann) or counter-propagative (SWIFTS Gabor) interference phenomenon. The sam-

pling is simultaneously done without any moving part thanks to ”nano-detectors”located

in the evanescent field of the waveguide. It allows a dramatic reduction of the size and the

weight of spectrometers while conserving, even improving, their performances such spectral

resolution. Here, we present the development status of this new kind of spectrometers and

the some results obtained with functional prototypes in various domain.


