Phase measurement of periodic optical
pulses using temporal fractional Talbot
effect
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Proposed and demonstrated is a novel method for time-domain
interferometry of optical pulse trains that does not need light pulse
splitting. The interference is between time-shifted pulse-train replicas
produced in a dispersive delay line via the temporal fractional Talbot
effect. A built-in advantage of the method is its low sensitivity to
environmental disturbance. In the experiment the method was used to
demonstrate phase characterisation of periodic optical pulses.

Introduction: The development of methods for complete characterisa-
tion of optical pulses has great importance for optical communications
applications and other areas in optics. Linear interferometric measure-
ments in the spectral [1], spectral-temporal [2], spatial-spectral [3] and
time [4] domains provide simple and direct (i.e. non-iterative) proces-
sing of the results and high sensitivity. In the conventional time-domain
interferometry, a pulse train is split, as in spatial interferometry, and the
interference in the time domain is obtained between two replicas of the
original pulse train. However for periodic pulses, it is possible to obtain
interference between pulses in the same pulse train. In [5] the inter-
ference between adjacent pulses which were broadened by reflection
from a chirped Bragg grating was used for characterising the pulses. An
advantage of such ‘self” pulse-train interferometry is the stability of the
interference pattern and the insensitivity to environmental influence as
the optical path difference, usually needed for the split branches in
regular interferometry, is eliminated.

In this Letter we suggest an alternative method to obtain the temporal
interference pattern that avoids splitting of the original pulse train. Here
the interference occurs between time-shifted pulse-train replicas
produced by the temporal fractional Talbot effect [6, 7] in a dispersive
delay line. Processing of the temporal interference pattern gives the
phase profile of the original pulse. Therefore, we obtain a very robust
method for the pulse phase characterisation.

Measurement principle: The temporal integer Talbot effect [8] is the
temporal analogy of the spatial integer Talbot effect. At the propagation
of periodic pulses in media with first-order dispersion, the temporal
shape of periodic pulses is reproduced at multiples of the so-called
Talbot length: z; = T? /7| |, where T is the pulse-train period and 8, is
the group velocity dispersion. For the fractional Talbot effect, the
propagation length in the dispersion line is z;=(m/p)z; where m
and p are integers with no common factor. For such length the field
amplitude of the output pulses is transformed to [9, 7]:
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where E(#, 0) is the time-dependent field amplitude of the pulses at the
line input and the coefficients C(n, m, p) are given by
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It can be seen from (1) that the output pulse field represents in the
general case, a sum of p replicas of the original pulse train, each
weighted by a complex coefficient C(m, n, p) and shifted by a multiple
of T/p. When these replicas do not overlap the fractional Talbot effect
can be used for pulse rate multiplication [10, 6]. For a phase measure-
ment, the number p is chosen from the condition that the pulses should
overlap. Under this condition, the pulse intensity at the output can be
considered as resulting from the interference of p time-shifted replicas
of the input pulse train. The pulse phase can be found from the
measurement of the input and the output pulse intensities.

From this point of view our method is similar to shearing inter-
ferometry, in which the interference occurs between two replicas of an
original pulse train time shifted by a small amount. The difference is in
that the replicas number in our method can be larger than two and the
time shift between them is not small. We emphasise that the elimination
of the optical path difference for the interfering light forms makes our
method insensitive to environmental influences. We also note that
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interference in the time domain due to propagation of light is of
course a basic and simple phenomenon. The idea behind the present
method is to apply intra pulse-train interference for pulse-train char-
acterisation via the fractional Talbot effect.

Experiment and results: In the experiment, the pulses, shown in
Fig. 1, were obtained by a sinusoidal phase modulation of a tunable
continuous-wave laser diode followed by propagation of the light in an
optical fibre with a total dispersion of —223 ps/nm. The pulses were
measured by a photodetector and an oscilloscope having a bandwidth of
50 GHz. The pulse repetition rate and width were 6.12 GHz and 33 ps,
respectively. The modulation index was measured to be 1.6 rad from the
harmonic intensity relation in the pulse spectrum (see Fig. 2). We chose
in the experiment m = 1, and p = 8. We can find from (2) that for odd n
C(n, 1, 8) =0 and only four nonzero replicas contribute to the inter-
ference; C(0, 1, 8)=0.5exp(—in/4), C(2, 1, 8)= C(6, 1, 8)=0.5,
C@4, 1, 8)=0.5exp(3in/4). We used an optical fibre with a total
dispersion of —840 ps/nm line giving an effective length of z7/8.
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Fig. 1 Input optical pulses
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Fig. 2 Spectrum of input pulses (resolution 0.01 nm)
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Fig. 3 Interference pattern dispersive line output
Because the shift between the pulse replicas is not small, we could

not process the measurement results as in shearing interferometry.
Therefore, the pulse phase ¢(f) was sought in the form of a polynomial.
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The polynomial coefficients were found by fitting the experimental data
to the calculated values given by (1). The pulse intensity measured at
the dispersive line output is shown in Fig. 3. Fig. 4 shows the pulse
phase, measured by this method (solid curve). For comparison, we also
give in Fig. 4 (dotted curve), the pulse phase calculated for a modula-
tion index of 1.6rad and a dispersion of the pulse shaping fibre of
—223 ps/nm that show a very good agreement.
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Fig. 4 Phase of input pulse
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Conclusion: We present a phase measurement method of pulses using
the temporal fractional Talbot effect. The dispersive media, that can
be an optical fibre or a chirped fibre Bragg grating, acts to perform
intra pulse-train interferometry without splitting the original pulse
train. Such an interferometer is very robust and simple for imple-
mentation.
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