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We report here an experimental demonstration of a
pulse decoding technique from spectral analysis of
femtosecond pulses. This technique is based on a
single-step Fourier domain inversion algorithm and
shows the impact of the spectral window function on
the retrieval of the signal pulse. Using two femtosec-
ond laser pulses at 780 and 1560 nm from a fibre
laser, we have shown that even when the spectral con-
tent of the reference pulse is far from a narrow band
limit (as much as a quarter of its entire spectral
content for our conditions), the single-step retrieval
analysis using spectral windowing in the Fourier
domain works efficiently. The enhanced signal levels
possible due to the wider spectral window are critical
in the unambiguous description of laser pulses, which
would have potential application in the retrieval of
comparatively weak and complex ultra-short pulses as
is often needed in pulse shaping applications and
coherent optical communications.

Keywords: Fourier domain, laser pulses, pulse decod-
ing, spectral analysis.

COHERENT optical communication, which is an integral
part of most quantum information transfer and process-
ing', involves encoding ultrafast laser pulses, transmitting
them and eventually retrieving their information content.
Unfortunately, such coherent information encoding and
retrieval are both technologically challenging, as they in-
volve timescales that are faster than the response time of
most electronics devices and instruments. Using Fourier
transform to achieve spatial pulse shaping has resulted in
the encoding of femtosecond laser pulses, which has
made coherent optical encoding possible™. However,
decoding such coherent optically encoded pulses is also
nontrivial. Much of the successful commercial techniques
rely on iterative procedures™®, which could be quite suf-
ficient for the pulse characterization process but not for
information processing. Information processing channels
require a single-step retrieval process such that an infor-
mation train can be successfully decoded so as to be
ready for the subsequent information train. In view of
these requirements on coherent optical communication,
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which is a necessary and critical step towards quantum
information transfer, we have looked at a specific decod-
ing scheme that can reliably work in a single inversion
process” !, This particular scheme is, in general, based
on the spectral interference of a narrow window of the
signal (in the theoretical limit of a delta function) with
itself in the Fourier domain. The resultant interferrogram
when spectrally and temporally resolved provides com-
plete information about the signal. Several variants of the
approach have been attempted by us to test the robustness
of this technique in its capability to retrieve the complete
information content of the transmitted coherent informa-
tion. We have designed our experiments based at the
C-band wavelength (1560 nm) of the communication
channel given its advantages in fibre-optic transmission.
Specifically, we use spectral windowing in the Fourier
domain to decode the amplitude and phase from the
analysis of the correlation spectra of two laser pulses, one
at 1560 nm and the other at its second-harmonic wave-
length of 780 nm. We gradually changed the width of the
spectral window function to show that the inversion algo-
rithm works efficiently even when the spectral content of
the reference pulse is quite far from a narrow band limit
(as much as a quarter of its entire spectral content for our
experimental conditions). This technique is fast and pro-
vides good signal-to-noise ratio.

Experiment

Our experiments used a mode-locked femtosecond
Er:doped fibre laser (Femtolite, IMRA Inc.), which pro-
vided two collinear weak femtosecond laser pulses, one at
1560 nm and the other at 780 nm, as a single beam with
50 MHz repetition-rate  (http://www.imra.com). The
780 nm pulse is ~ 100 fs wide and has an average power
of 20 mW, whereas the 1560 nm pulse was ~300 fs wide
and has an average power of 40 mW. Such low power
limit is desirable for the coherent pulsed communication
as higher powers induce nonlinear processes which cor-
rupt the communication channels. For our IMRA laser,
though 780 nm has a relatively simple pulse shape, the
1560 nm pulse has a complex pulse shape with comb-like
spectral features and comparatively a larger bandwidth
(Figure 1). This gives us the advantage that we can directly
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Figure 2. Experimental set-up, where DC is the dichroic beam split-
ter; M1 and M2 are the mirrors; S1 and S2 the slits; L1 and L2 the lens,
and G1 and G2 are the gratings on the 780 and 1560 nm arms respec-
tively.

use it as an encoded pulse for our information retrieval
experiments.

For decoding the information content in the pulses, we
built a collinear Mach—Z¢hnder cross-correlator with the
help of two dichroic beam splitters: one separates the two
wavelengths, whereas the other recombines them. Each of
the independent wavelength arms was transformed into
the Fourier domain with the help of a grating and lens
pair combination. This combination performs a forward
Fourier transform, whereas the fold-mirror that retraces
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Spectra of (a) 780 nm pulse and (b) 1560 nm pulse coming out directly from the laser.

the path back through the grating—lens pair combination
performs a back Fourier transform. Thus, the pulse would
be unchanged as it goes through such geometry, often
referred as the 4f configuration (f being the focal length
of the corresponding lenses). Interestingly, the same geo-
metry can be utilized for encoding the laser pulses
through the Fourier domain pulse shaping. Experimen-
tally (Figure 2), we achieved the 4 f folded geometries
using 600 grooves/mm gratings for the respective 780
and 1560 nm wavelengths (Gl and G2), two convex
lenses (L1 and L2) of focal length 15 and 30 cm, and two
modulators (which for decoding purposes were just spec-
tral filters, such as a slit, and for simple phase encoding
purposes, they can be glass plates of appropriate thick-
ness) in front of the fold-mirrors M1 and M2. This parti-
cular geometry provides the capability to create and
choose the reference and the signal pulses from both the
wavelengths used.

In order to obtain the time-correlation information
between the two arms of the interferometer, we used sum
frequency generation (SFG) signal arising from the cross-
correlation of 780 and 1560 nm using a type-I BBO
(f-barium-borate) nonlinear crystal. As the SFG signal at
520 nm is in the visible region, it is an experimentally
convenient feature of this cross-correlation procedure. To
measure this cross-correlation signal in the time domain,
we used a 500 MHz oscilloscope (LeCroy LT354M)
interfaced to the computer with a National Instruments
GPIB card. We performed the spectral analysis of the
520 nm SFG signal to decode the complete amplitude and
phase information of the ultra-short pulses. To record
520 nm spectra, we used a high performance Peltier-
cooled CCD-based spectrometer (SpectraPro-150 Mono-
chromator, Acton Research Inc.; http://www.roperscien-
tific.com). The designed experimental set-up enables
retrieval of both the pulses (780 and 1560 nm), one with
respect to the other, interchanging the reference and the
signal pulse according to our requirement.
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