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Fig. 4. Spectra of the input (red dotted line) and the output (solid lines) signals reflected back
from the W-type fiber for power levels ranging from 20 to 29dBm into the fiber. The vertical
dashed line indicates where the SBS shift would be expected. Note that the input signal has
been scaled up for visual purposes.

When comparing the properties of highly nonlinear fibers, it often useful to consider their
Brillouin gain characteristics alongside the strength of their third-order nonlinearity
coefficient. This is especially relevant when considering applications that require a strong CW
pump, since the maximum nonlinear phase shift that can occur in the fiber for sources with a
bandwidth smaller than the Brillouin linewidth is proportional to the nonlinear coefficient and
inversely proportional to the Brillouin gain coefficient. Non-silica glasses typically have a
nonlinear refractive index higher than silica by 1-3 orders of magnitude (20 times in the case
of SF57), while they show a Brillouin gain that is only a few times larger than that of silica
[16]. The Brillouin shift in SF57 has been previously measured to be 7.65GHz [16]. We
investigated the Brillouin threshold of this fiber by launching a true CW signal in a 3m long
sample and collecting the light reflected back from it and found that no stimulated back-
scattered signal could be detected at the expected wavelength for values of power as high as
29dBm in the fiber (the maximum possible launch power in our experiments). In order to
place this observation in context we have calculated the SBS power threshold of a common
silica highly nonlinear fiber (HNLF) assuming the same HNLF characteristics of the fiber
used in [17]. Assuming the same yL.¢ for the two fibers (the length of the silica HNLF would
obviously be much longer than the W-type fiber due to it lower nonlinearity), we estimated an
SBS power threshold of just 25dBm for the silica fiber. Similarly, for a simple SF57 based
fiber we estimated a 30dBm SBS threshold [16]. Figure 4 shows the input signal (red dotted
line) together with the signals reflected back from the fiber (solid lines) for values of input
power into the fiber ranging from 20dBm to 29dBm. The blue dashed reference line indicates
the wavelength at which the Brillouin reflected signal was expected.

4. Dispersive properties and their role in a FWM-based wavelength converter

The exceptionally low values of chromatic dispersion anticipated in the W-type fiber
necessitate the use of a broadband measurement technique for its characterization. We
therefore set up a low-coherence Mach-Zehnder interferometric system based on a broadband
supercontinuum source (Fianium, SC400) to accurately measure the dispersion profile [18].
Using suitable polarization optics, we obtained two clean interferograms for each of the
polarization axes of a 1.27m long sample of the fiber for the wavelength range of 1300nm to
1680nm (for reference, one of the interferograms is shown in Fig. 5(a)). Processing of the data
has indicated that the dispersion is minimum at 1525nm (-2.5 ps/nm/km), whereas it is lower
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than —5 ps/nm/km across the whole wavelength range between 1430 and 1600 nm. These
values are in good agreement with the simulated dispersion predictions, as illustrated in Fig.
5(b) where the red solid line represents the simulated profile and the blue symbols the
measured dispersion values for the fabricated fiber.
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Fig. 5. (a) Observed interferogram of one of the two polarizations propagating in the W-type
fiber; (b) Simulated (red solid line) and measured (blue symbols) dispersion curve of the W-
type fiber.

In combination, the characteristics of this fiber make it a highly suitable candidate for the
realization of compact nonlinear devices based on FWM processes. To demonstrate this point,
we implemented a simple FWM-based wavelength conversion scheme in a 2.2m sample of
the W-type fiber, as shown in Fig. 6.
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Fig. 6. Experimental setup of FWM-based wavelength conversion scheme.

The pump wave was a CW laser operating at 1550 nm, which was amplitude modulated
by a Mach-Zehnder modulator with 100ps rectangular pulses with a duty cycle of 1:64.The
modulated signal was amplified and then combined in a 90/10 coupler with an independently
amplified CW signal, generated from a tunable laser source. A bandpass filter (BPF) was
employed to remove any undesired amplified spontaneous emission (ASE) noise resulting
from the EDFA. Polarization controllers (PCs) were used to control the state of polarization of
the two beams and to align them to the polarization axis of the fiber. The combined beam was
free-space launched into the fiber with a coupling efficiency of ~25%. The average power of
the pump and the signal launched into the fiber were 17dBm and 2dBm respectively. Note
that the additional components connected to the high power EDFA impose a practical limit on
the maximum value of pump power that can be coupled with the signal power. It is also worth
noting that as compared to the demonstration presented in [12] the fiber loss reduction to
2.1dB/m (from 4.8dB/m) together with the lower dispersion and dispersion slope values
allowed us to employ this simpler quasi-CW pump as opposed to a short-pulse pump used
previously.
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We experimented with several signal wavelengths at either side of the pump, ranging from
1530 nm to 1546 nm and 1554 nm to 1570 nm (limited by the range of our tunable source) —
see Figs. 7(a) and 7(b). For all of the wavelengths we observed a uniform conversion
efficiency of 0 dB, defined as the ratio of the power of the converted idler to the launched
signal power. Note that for this calculation an extra 18 dB was added to the (average) values
recorded on the optical spectrum analyzer (OSA) to account for the duty cycle of the idlers (as
opposed to the CW nature of the signals). Figure 7(c) traces the measured values of
conversion efficiency compared to the simulated curves evaluated for the fabricated fiber,
exhibiting good agreement between the two, and also providing some information on how the
conversion bandwidth is expected to be affected outside this 40-nm range.
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Fig. 7. (a), (b): Measured spectral traces of FWM-based wavelength conversion in a 2.2m-
length of W-type fiber using a quasi-CW pump and tunable CW signal; (c) Simulated (solid
blue line) and measured (red symbols) curves for the FWM conversion efficiency in the
fabricated W-type fiber.

5. Conclusions

We have designed, fabricated and characterized a single mode, highly nonlinear, lead silicate
glass based W-type fiber with a flattened and near zero dispersion profile in the 1.55pum
region. The nonlinear coefficient and the propagation loss of the fiber at 1550nm have been
measured to be 820W 'km™' and 2.1dB/m respectively. The dispersion profile has been
measured using an interferometric setup and the measurement confirms the predicted ultra-
low values of dispersion (normal and between —5 and —2.5ps/nm/km) and dispersion slope
(between —0.05 and 0 ps/nm’/km) at telecommunication wavelengths. By rigidly scaling
either up or down the fiber dimensions by a few percent it should be possible to obtain
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different values of either anomalous or normal dispersion while maintaining a broadly flat
dispersion region in a fiber with similar loss and nonlinearity. We have also investigated the
Brillouin threshold of the fiber and observed that no SBS shift could be detected for values of
power as high as 29dBm. Finally, we have numerically and experimentally demonstrated the
performance of this fiber in a broadband, efficient and broadly tunable FWM-based
wavelength conversion scheme. A uniform conversion efficiency of 0 dB was measured
across the whole C-band for a peak pump power of 3.1 W.
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