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Abstract— Over the past two decades silicon core fibers (SCF)
have emerged as a promising platform for use in nonlinear
photonic applications. By harnessing the unique optical properties
of the crystalline silicon core directly within the fiber geometry, it
is possible to imagine compact and low power nonlinear systems
that are immediately compatible with existing fiber
infrastructures. This paper reviews the recent advances in the
development and application of SCFs for nonlinear optical
processing and source generation. Particular focus will be placed
on novel device designs that benefit from the fiber geometry and
post-processing procedures that facilitate integration with existing
components.

Index Terms— Lasers and electro-optics, fiber optics, fiber
nonlinear optics.

I. INTRODUCTION

NONLINEAR fiber optics has long been a vibrant research
area, largely thanks to the invention of low-loss silica
fibers in the 1970s [1, 2]. The ability to maintain high optical
intensities over long fiber lengths allows nonlinear effects to be
observed at much lower power levels than that in bulk materials
[3]. However, the extended fiber lengths can be cumbersome,
and the narrow near-infrared transmission window of silica
glass also limits the operation wavelength range for the
nonlinear systems. Over the past two decades, a new class of
optical fiber has emerged as a solution to enable more compact
nonlinear fiber systems whereby the silica glass core is replaced
with a crystalline semiconductor material. As most of the
semiconductor materials, including silicon, germanium, zinc
selenide, and gallium arsenide, have much stronger nonlinear
coefficients and larger transmission windows than silica glass,
these crystalline core fibers offer the potential to develop
compact and low power systems that extend into wavelength
regions that are less accessible for conventional all-silica fibers
[4, 5]. Among these in-fiber semiconductor materials, silicon
has attracted the most attention both due to its interesting
optoelectronic properties, but also as it is well suited to
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production methods that use traditional silica glass claddings
[6, 7].

Silicon core fibers (SCFs) offer the unique potential to
combine aspects of traditional integrated silicon photonic
systems with optical fiber infrastructures. Notably, these high
index contrast waveguides preserve the high confinement and
nonlinear parameters available in the planar silicon structures
[8], whilst benefiting from the fiber fabrication methods that
yield waveguides with circularly symmetric cores, smooth
interfaces, and long lengths [9]. Since their first introduction in
2006, SCFs have undergone significant advancement to reduce
the transmission losses, enabling them to become established
platforms for nonlinear optical applications [10]. SCFs are now
predominantly produced using fiber drawing, resulting in the
rapid production of waveguides over lengths of several
hundreds of meters to ensure low costs and high yields [11].
Moreover, as the fibers are clad in silica, they are also robust
and flexible, and thus are compatible with many traditional
post-processing procedures, such as fiber tapering and splicing,
which can be used to adjust the core dimensions from a few
microns down to hundreds of nanometers [12, 13]. As well as
providing a means to optimize the properties of the SCFs for
different nonlinear applications across various wavelength
regions, the post-processing facilitates direct integration with
existing fiber components and infrastructures [14].

In this paper, we review efforts to advance the application of
the SCFs in nonlinear photonics through their design and
optimization. Particular focus will be placed on exploiting the
post-processing procedures to enhance the nonlinear
performance of the fibers and the resulting systems. Results will
be presented over a range of wavelengths extending from the
telecom band up to the mid-infrared, highlighting the potential
versatility of this platform for applications spanning
communications to sensing and healthcare.

II. FABRICATION AND POST-PROCESSING
The first SCF was fabricated by depositing silicon into the
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Fig. 1(a) Schematic of the MCD fabrication process and the image of as-
drawn SCF. (b) Schematic showing the tapering process to control the
crystallinity and dimensions of the silicon core. (¢) Schematic of a tapered
fiber design optimized for efficient free-space coupling and the images of
facets and tapering region for a tapered SCF.

pores of a capillary tube with a high-pressure chemical vapor
deposition technique [15]. Although this method can produce
SCFs with silicon cores in either a crystalline or amorphous
phase, the deposition process is time-consuming, and the fiber
lengths are typically limited to a few centimeters. In recent
years, the molten core drawing (MCD) method has become the
primary fabrication approach for SCFs as it allows for more
practical lengths and production times [9]. The procedure
begins by sleeving a silicon rod inside a glass tube that has been
coated with an interface modifier layer such as calcium oxide
(CaO) to create a millimeter-sized preform. The preform is then
heated and drawn down into a fiber with micrometer
dimensions using a conventional drawing tower, as depicted in
Fig. 1(a) [16]. The role of the interface layer is to reduce oxygen
contamination from the core during the high temperature
drawing, which helps to avoid oxidation of the silicon to silica
and reduce defect formation. The modifier also helps to
mitigate the expansion mismatch between the core/cladding
materials that can lead to residual strain and cracking of the
core. The resulting as-drawn SCFs have a poly-silicon core with
typical transmission losses in the region of 5-11 dB/cm. The
high transmission losses are mainly attributed to small defects

and difficulties in controlling the grain growth within the core
during the dynamic fiber drawing. Thus, to further improve the
transmission of the as-drawn fibers, a tapering procedure has
been developed to melt and re-grow the crystalline core to
increase the grain sizes, as shown in Fig. 1(b) [17, 18]. As well
as reducing the transmission losses down to levels that are
comparable with on-chip technologies, this approach has the
added advantage of providing a route to tailor the core diameter,
which is important for enhancing the nonlinear processes via
dispersion engineering [19]. Moreover, by using the tapering to
control the longitudinal dimensions of the fiber as illustrated in
Fig. 1(c), it is also possible to enhance the coupling efficiency
via the taper transition regions. By keeping these transitions
short, their contribution to the nonlinear propagation is
minimal, so that the SCF performance is still ultimately
determined by the waist region. Significantly, through use of
these tapering methods, SCFs can now be consistently produced
with transmission losses < 1 dB/cm for core sizes ranging from
sub-micron (~700 nm) up to a few microns in diameter, over
wavelength regions that extend from the telecom band up to 3
um and beyond [20, 21].

It is worth noting that beyond SCFs, a variety of fibers with
alternative crystalline semiconductor core materials have also
been fabricated and studied, including germanium [22], silicon-
germanium [23], indium antimonide [24], gallium antimonide
[25, 26], gallium arsenide [27], zinc selenide and indium
phosphide [28]. Interestingly, by offering access to different
transmission windows and, in some cases, second order
nonlinear processes, these alternative core materials could
greatly expand the application potential of the semiconductor
fiber platform, assuming the transmission losses can be
optimized to have similar values to the SCFs. Moreover,
inspired by the remarkable achievements of the planar silicon
waveguides devices (i.e., modulators [29], Raman lasers [30-
33], and detectors [34, 35]), more complex fiber structures such
as p-n junctions [36] and metal/Si systems [37] have also been
fabricated with the materials entirely incorporated within the
glass cladding, extending the opportunities for all-fiber
optoelectronic systems. Beyond this, there is also potential to
advance the device performance via integration with more
exotic materials including two-dimensional materials and
nanostructures [38, 39] by taking advantage of mature side
polishing techniques [40], highlighting the versatility of this
platform.

III. NONLINEAR DEMONSTRATIONS

A. Wavelength Conversion in the Telecom Band

The early work to demonstrate nonlinear processing using
the SCFs focused on nonlinear wavelength conversion via four-
wave mixing (FWM). Here, the tapering procedures were used
to tailor the SCF core diameters and thus engineer the
dispersion profiles to achieve the phase-matching conditions
needed for efficient FWM. Due to the ready accessibility of
telecom band optical components, the initial research focused
on this region. Fig. 2(a) shows a contour map of the group
velocity dispersion (GVD, f») parameter calculated via the
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Fig. 2(a) Contour map of the GVD parameter 8, (ps/m) as a function of

the SCF core diameter and wavelength. (b) Measured FWM conversion

efficiency (normalized) as a function of signal-idler wavelength separation

for an SCF with a core diameter of 850 nm and waist length of 5 mm. Top

and bottom plots are for different pump wavelengths, as labeled. Solid lines
show the simulation results.

well-known eigenvalue equation, for wavelengths covering the
extended telecom bands [3]. To achieve efficient phase-
matching, it is desirable to work in the anomalous dispersion
region, close to the zero-dispersion wavelength (ZDW) [41]. It
can be seen that, owing to the strong normal dispersion of the
silicon material, it is necessary to reduce the SCF core
dimensions to submicron diameters (< 900 nm) to access the
anomalous region when the pump wavelength (4,) is around
1550 nm.

Fig. 2(b) highlights some of the results to investigate FWM
for wavelength conversion in the telecom band, where a
continuous wave (CW) telecom pump is used to convert a weak
CW signal beam. Here, the normalized conversion efficiency is
plotted as a function of signal-idler wavelength separation (4s-
A), for two different pump wavelengths. The tapered SCF used
in this experiment had a core diameter of ~850 nm with a waist
length of 5 mm (total length of 9 mm), corresponding to a GVD
of fo=-0.117 ps?>/m at 1540 nm and S, = -0.18 ps*’/m at 1560
nm. Thanks to the high nonlinearity parameter of the small core
SCF, high efficiency (~-30 dB) wavelength conversion could
be observed with a low pump power (~40 mW). These
measurements are in good agreement with calculations for the
wavelength conversion efficiency (solid lines), also shown in

Fig. 2(b), confirming the predicted dispersion properties of the
core [41]. As expected, the conversion bandwidth for the 1540
nm pump source is larger than for the 1560 nm pump as it is
closer to the ZDW, highlighting the importance of having
accurate control of the core size. The broadest measured
wavelength conversion bandwidth for this SCF is more than
260 nm, covering the entire S-, C-, and L- telecom bands.
Notably, when the low-power CW signal is tuned to 1680 nm,
which is the maximum tuning range of our source, the
converted signal is still very strong. Moreover, as the pump
power is much lower than the two-photon absorption (TPA)
threshold, the wavelength conversion efficiency can be further
increased by increasing the pump power [19].

To investigate the suitability of SCF-based wavelength
converters for all-optical signal processing, a tapered SCF was
subsequently used to convert a 20 Gb/s quadrature phase-shift
keying (QPSK) signal from longer to short wavelengths within
the telecom band. As FWM takes place at ultrafast timescales,
high-speed amplitude and phase-modulated optical signals can
be directly converted to the corresponding idler wavelengths [3]
[3]. The CW pump was positioned at 1550 nm and the
modulated optical QPSK signals were generated at both 1563
nm (C-band) and 1580 nm (L-band). Fig. 3(a) shows the
measured spectra recorded by an optical spectrum analyzer
(OSA) at the output of the tapered SCF for the two modulated
signals. The recorded back-to-back (B-to-B) and converted
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Fig. 3(a) Measured spectra for wavelength conversion of 20 Gb/s QPSK
data for two signal wavelengths: 1563 nm and 1580 nm. Insets show the
constellation diagrams for the original and converted signals. (b) and (c)
show BER curves as functions of the calibrated received power for the
20 Gb/s QPSK data signals in the L-band and C-band, as labeled.
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Fig. 4(a) Transmission spectra taken at the output of the SCF as the signal wavelength is tuned from 1570 nm to 1680 nm. (b) Calculated (blue solid line) and
measured (red squares) on/off signal gain as a function of signal wavelength, using a pump with ~17 W peak power centered at 1541 nm. (c) Spontaneous
Raman emission spectra for the pump wavelength of 1431 nm. (d) Stimulated Raman gains for a 1431 nm pump with a coupled power of 48 mW as measured
for various signal wavelengths for SCFs with different lengths, as labeled in the legend.

idler constellation diagrams are also shown as insets. The well-
separated constellation diagrams of the converted idler wave
indicate that the additional noise introduced by the FWM
process is negligible. To better characterize the quality of this
SCF-based nonlinear device, Fig. 3(b) and (c¢) show the
measured bit error ratio (BER) as a function of the received
power. The conversion has been successfully achieved with a
power penalty of 1 to 2 dB at a BER of 3.8x1073 (the hard-
decision forward error correction limit) for signals in both the
L- and C-bands. These results highlight the robustness of
FWM-based SCFs for signal processing in the telecom band.

B. Signal Amplification

In addition to wavelength conversion, amplification is also
very important for signal processing systems. The first
demonstration of signal amplification using the SCF platform
was via a FWM-based optical parametric amplification (OPA)
process. To obtain high parametric gain, a short (~670 f5s)
pulsed laser was used as the pump, positioned at a center
wavelength of 1541 nm, whilst a low power (~1 mW) tunable
CW source was used as the seed. The SCF used for this
experiment was tapered down to a waist diameter of ~915 nm
over a length of ~5 mm to optimize the dispersion properties for
phase-matching at the pump wavelength. Fig. 4(a) shows the
optical spectra generated by the degenerate FWM process, with
the signal wavelengths tuned from 1570 nm to 1680 nm. Due to

the use of a pulsed pump, the amplified signals and generated
idlers occurred as a train of short pulses, as evident from their
broad bandwidths measured by the OSA. However, the pump
peak power used in this experiment was kept as low as 17 W to
avoid gain saturation introduced by the TPA of silicon. By
using the duty cycle factor F=1/(40 MHz-670 fs) of the pulsed
pump laser, the pulsed peak power of the generated idler and
signal beams are extracted by converting the time-averaged
power. Then the parametric signal gain was calculated via the
signal power with the pump laser on and off. Fig. 4(b) shows
the measured signal on/off gain as a function of wavelength.
The maximum measured on/off signal gain was ~9 dB at the
wavelength of 1570 nm. For the given coupled in pump power,
this corresponds to an internal power conversion efficiency
(PCE) of ~16 % [42], or an external PCE of ~3 % when taking
the coupling loss into consideration. Although these PCEs are
comparable to reports in similar planar silicon systems [43], the
external efficiency could be further improved up to 10 % if the
coupling loss was reduced to ~1 dB per facet by using
optimized nano-spike couplers to reduce the reflection between
silicon and silica, as described in Section IV [44]. To better
understand the relationship between the parametric on/off
signal gain and the dispersion properties of SCF, the simulated
parametric gain (solid line) is also shown in Fig. 4(b), which
was calculated using the dispersion parameters (5> ~ 0.042
ps?/m, s~ -0.3x107 ps*/m) and nonlinear parameter (y = 40.77
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W-I'm™) estimated for the tapered SCF. The calculated gain
curve matches well with the experiment data, again providing
evidence that the predicted SCF parameters assuming on a high-
crystalline quality silicon core material are accurate.

Raman scattering is another nonlinear effect that can be used
to amplify signal waves. Fig. 4(c) shows a spontaneous Raman
scattering spectrum obtained with a CW pump at the
wavelength of 1431 nm. The Raman emission is around 1550
nm with a bandwidth of ~105 GHz due to the intrinsic 15.6 THz
Raman frequency shift and 3.5 ps Raman response time for
silicon material. Here, by using the Raman emission, an
external signal can be amplified at the expense of pump photons
provided it is positioned within the emission bandwidth.
Although the Raman bandwidth is narrow for crystalline
materials such as silicon, the emission bandwidth could be
expanded by using a broadband pump source or even multiple
pumps because phase-matching is automatically satisfied
through the optical phonons [45]. Fig. 4(d) shows the measured
Raman gain for two SCFs with similar core diameters (~900
nm), but different waist lengths (10 mm vs 15 mm), together
with simulation results obtained using generalized nonlinear
Schrodinger equation (NLSE) [3]. The maximum measured
Raman on/off gain was 1.1 dB, obtained in the longer SCF with
a CW pump power of only 48 mW. We note that the measured
gain was mainly limited by their available pump power and the
SCF lengths as the pump power was well below values where
nonlinear absorption becomes an issue. Significantly,
additional simulations showed that the gain could reach as high
as 6 dB by increasing the SCF length to ~10 cm and the power
to ~100 mW [20]. However, it is worth noting that as the SCF
lengths increase, the linear transmission loss becomes
increasingly important. By reducing the losses down to 0.2
dB/cm over a waist length of 6 cm, our recent work has
demonstrated peak Raman gains as high as 304 dB at
wavelengths beyond 2 pum, of interest for gas sensing and
spectroscopy [21].

C. Mid-infrared Source Generation

The transmission window of silicon covers wavelengths
from 1.1 um to 8 pm, indicating that the SCF platform has the
potential to extend the operation of fiber systems into the mid-
infrared (2-20 pm wavelength) regime, which is important for
areas such as free-space communications [46], gas sensing [47]
and medical diagnostics [48]. Moreover, the dominant
nonlinear absorption process of TPA in silicon decreases when
using longer wavelengths, particularly beyond the TPA edge of
~2.2 um, so that the SCF nonlinear performance is expected to
be better as we move into the mid-infrared [49]. The only
drawback is that the silica cladding has strong absorption
beyond 2.5 pm, which could contribute to increased
transmission losses in this region. However, by tailoring the
cross-sectional geometry of the SCFs to minimize the
interaction of the core guided light with the cladding at longer
wavelengths, low propagation losses (<1 dB/cm) are still
achievable. Fig. 5(a) shows the estimated linear losses for the
fundamental mode of SCFs with different core diameters, as
calculated via finite-element method (FEM) simulations for
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Fig. 5(a) Contour map showing simulated absorption losses for the SCFs
in dB/mm as functions of wavelength and fiber core diameter. (b)
Schematic of the asymmetric taper design with the different dispersion
regions labeled. (c) Experimental spectral broadening as a function of
coupled peak input power.

wavelengths beyond 3 um [50]. By selecting a suitable core
diameter, it is clear that low propagation losses (<3 dB/cm) are
achievable for wavelengths up to ~5 pm.

To exploit the improved nonlinear performance of the SCFs
for wavelengths beyond 2 pm, a mid-infrared supercontinuum
generator was designed based on tapered structures. Fig. 5(b)
shows the profile of this device. The waist diameter of 2.8 pm
was targeted over a short waist length of 1.7 mm to ensure that
the 3 pm pump was positioned in the anomalous dispersion
region, and that the losses due to interaction with the cladding
were minimized. To facilitate maximum coupling into the
waist, the input core diameter was slowly tapered down from
10 um to 2.8 pm over a length of 5.5 mm. At the output, a sharp
up-taper (1 mm) was employed to further reduce the interaction
with the lossy cladding. By using this fiber profile, self-phase
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modulation (SPM) in the initial transition region can act as a
seed for efficient FWM and dispersive wave emission,
drastically broadening the spectrum at the output. Fig. 5(c)
shows the measured supercontinuum spectra obtained with a
~100 fs pulsed pump laser, with coupled average powers
increasing from 0.4 mW to 10.8 mW, corresponding to the peak
powers given in the legend. The broadest spectrum spans from
1.62 um to 5.34 pm for a maximum coupled peak power of only
1.19 kW. Thanks to the asymmetric taper design that helped to
reduce the interaction of the generated mid-infrared light with
the lossy silica cladding, the red edge of the top spectrum was
extended well beyond what had been previously achieved in
any planar silicon-on-insulator (SOI) waveguide, by around 2
pm. Moreover, the combination of low linear and nonlinear
losses resulted in an average usable supercontinuum power of
~6 mW, corresponding to a conversion efficiency as high as
~60 %.

TABLE 1 COMPARISON OF SUPERCONTINUUM GENERATION RESULTS IN
SILICON-BASED WAVEGUIDE STRUCTURES.

Platform Insertion  Pump Spectral Octaves  Ref.
losses parameters range
(dB) (hm)
SOI 100 fs; 18 pJ 1.06-2.4 1.18 [51]
SOI *12 70 fs; 16 pJ 1.5-3.3 1.14 [52]
SOI 24.5 70 fs; 2.2 pJ 1.1-2.76 1.33 [53]
SCF 7.6 100 fs; 0.14n)  1.62-5.34  1.72 [50]
Suspended ~ *15 300 fs; 28.8nJ  1.2-2.87 1.32 [54]
SOI
Si-on- 20 320 fs; 0.8 nJ 1.9-5.5 1.53 [55]
sapphire
SiGe-on- 12.5 7.5ps;025n)  3.0-85 1.5 [56]
Si

*Values are for the input losses only.

In order to better compare our results with those obtained in
other silicon-based waveguide systems, Table 1 provides
information of various demonstrations of mid-infrared
supercontinuum generation. Although on-chip planar silicon
waveguides are still the best choice for applications that require
large-scale integration, this comparison shows that SCFs can
present an alternative solution for applications where there is a
need for efficient and higher power generation of sources that
span the near to mid-infrared regions. In particular, thanks to
the lower coupling and transmission losses, the SCFs offer a
higher conversion efficiency when compared to the other
systems represented here, including the large core SiGe
platform (conversion efficiency of 48 %) that offers generation
of the longest supercontinuum wavelength edge. Moreover, we
note that the maximum supercontinuum power and bandwidth
generated in the SCF was primarily limited by the available
pump, and there is scope to improve the generated output out to
wavelengths ~8 pum via access to stronger pumps [48] and
optimized fiber coupling methods [50]. Thus, these results

highlight the potential benefits of the SCFs over their planar
counterparts in terms of power handling and wavelength
coverage within the mid-infrared regime.

IV. ALL-FIBER INTEGRATION

As the core diameters of the SCFs used for nonlinear
applications are usually much smaller than single-mode fibers
(SMFs) (<3 pum verses ~10 pm), it is challenging to realize
robust integration of the two fiber types. To solve this problem,
we have developed a procedure to produce nano-spike coupling
regions onto the ends of the SCFs to facilitate connection with
the larger, and lower index, glass cores. This is analogous to the
inverse tapers employed by the integrated photonics
community, which makes use of the fact that the mode at the
nanoscale silicon tip will be predominantly forced into the silica
cladding, increasing its size [57, 58]. As well as ensuring
efficient mode conversion between the low and high index
cores, the inverse tapers also reduce the Fresnel reflection
losses. In the case of the SCFs, the inverse nano-spike is
produced by tapering the silicon core to a point of collapse, so
that a sharp spike appears that connects the coupling facet to the
waveguide section, as shown in Fig 6(a). The nano-spike facet
is then spliced to a SMF that has been tapered to match the outer
diameters of the two fibers, as shown in Fig. 6(b), to further
reduce the mode mismatch. A schematic representation of an
all-fiber integrated SCF-SMF device is illustrated in Fig. 6(c).
For a single coupling facet produced on one end of a SCF, the
transmission loss of the waveguide section was measured via a
cut-back method to be ~1.7 dB/cm, following which the
coupling loss of the spike region could be estimated as <4 dB
[44]. However, additional simulations indicate that the coupling
loss could be less than 1 dB by further optimizing the tip
geometry and the splicing alignment, thus allowing for efficient
all-fiber integration with telecommunication pump and signal
sources [44].

Using this all-fiber integration technique, we designed a new
SCF-based wavelength convertor, in which the SCF was spliced
to a SMF at the input [59]. Thanks to the robust and low loss

Waveguide

v

Nano-spike

SMF SCF

Nano-spike couplers

Fig. 6 (a) Microscope image of a nano-spike coupling region. (b)
Integrated nano-spike coupled SCF with SMF. (c) Schematic of all-fiber
integrated SCF-SMF device.
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Fig. 7(a) Wavelength conversion of a QPSK data signal, with the signal
and idler constellation diagrams shown as insets. (b) Spectral broadening
of an electro-optic (EO) frequency comb with 26 GHz line spacing
(orange) via a fully fiber integrated SCF nonlinear wave-mixer (blue).

connection, a conversion efficiency as high as -22.1 dB was
obtained with a SCF length of only a centimeter, which was a
significant improvement over the previous FWM-based
wavelength convertor based on free-space coupling. A 20 Gb/s
QPSK signal was then used to test the suitability of this device
for the construction of ultra-compact, all-fiber-based optical
signal processing systems as illustrated by the spectral
conversion in Fig. 7(a). Again, the recorded B-to-B and
converted idler constellation diagrams are shown as insets,
showing that the additional noise from the conversion is low.
An optical signal-to-noise ratio (OSNR) penalty of 1 to 2 dB
was achieved at the BER of 3.8x1073, which was comparable
with our previous wavelength convertor but with lower pump
power (~20 mW vs ~40 mW).

More recently, we have been able to extend our integration
methods to produce nano-spike couplers on both ends of the
SCF. Although the coupling losses per facet for this system
were higher due to difficulties in optimizing the connections at
both ends (~8 dB), this device represented the first fully SMF-
integrated SCF device suitable nonlinear wave mixing [14].
Specifically, the SCF device was used to broaden an existing
telecom band electro-optic comb source (orange spectrum) to
expand the number of usable tone lines, as shown by the blue
spectrum in Fig. 7(b). Importantly, due to high nonlinearity of
the SCF, significant broadening of the bandwidth (from 10 nm
to 30 nm) was obtained using only a very short device length (<
2 cm), such that the resulting comb preserved all the key
features of the original source including spectral flatness,
narrow tone linewidth, high tone power, and low noise levels,

as required for applications in telecommunications. Thus, these
demonstrations help to highlight the benefits of the SCF
platform for exploiting the efficiency of silicon photonics
systems, but with the added benefit of all-fiber integration.

V. CONCLUSION AND OUTLOOK

The nonlinear performance of SCFs has been demonstrated
in both the telecom band and the mid-infrared region. Most
notably, it has been shown that by taking advantage of
conventional fiber tapering procedures, it is possible to produce
efficient and flexible nonlinear SCF systems. Firstly, high-
quality wavelength conversion and amplification were achieved
in the telecom band, highlighting the suitability of the SCF
platform for use in all-optical signal processing systems.
Subsequently, the demonstrations shifted into the mid-infrared
region where it was possible to exploit the larger core sizes and
low losses of the SCFs for the generation of high power,
broadband supercontinuum sources. Finally, integration
between the SCFs and SMF via the use of nano-spike couplers
was investigated as a route to reduce the coupling losses and
improve the robustness of the SCF-based nonlinear devices.
Thus, this work highlights the opportunities for SCFs to find
use in a wide range of practical all-fiber nonlinear optical
systems within application areas that extend beyond those of
silica fiber networks to include broadband communications, gas
sensing, metrology, and biological imaging [60-62].
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