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Abstract—This paper will review progress in the development  Fig. 1 displays a microscope image of a tapered SCF,
of nonlinear devices from the silicon core fibre platform, wih a illustrating the ability to control the core and claddingngin-
focus on their integration with existing fibre infrastructu res. The sions along the length. The inset shows a cross-section of a

nonlinear performance will be benchmarked through demonsta- . . RN
tions of all-optical wavelength conversion and supercontiuum SCF fabricated via the MCD method, highlighting the well-

generation. defined high index core material with a diameterofl0 ym.
Index Terms—Nonlinear Fiber Optics; Fiber Fabrication; Sil-  For reference, typical loss values for the as-drawn fibegs ar
icon Photonics around10 — 15dB/cm, and these can be reduced to around

1 —2dB/cm after tapering [5].
I. INTRODUCTION

Silicon core fibers (SCFs) represent an emerging platform
that combines the benefits of the fiber geometry with the
advantages of semiconductor material systems [1]. As these
fibers are clad in silica, they are robust, stable, and fully
compatible with standard fibre fabrication proceduressthu
increasing the device yield and reducing costs [2]. Moreove
these fibers are compatible with traditional post-processi
techniques such as tapering, which can be used to precisely
control the waveguide parameters, useful for phase-mmajchi SCF Taper
nonlinear processes, and improving coupling to other fiber
components [3]. In this paper, | will review our efforts re- Fig. 1. Tapered silicon core fiber; inset shows the fiber esession.
garding the nonlinear characterization and applicatioB@©Fs
over an extended wavelength range, covering the telecommu-
nications band up to the mid-infrared. Our work in this area Il. RESULTS AND DISCUSSION
has shown that this new fiber technology has great potential Nonlinear Characterization
for the development of a wide range of all-fiber integrated
nonlinear systems, including wavelength convertors, drerd
and broadband sources.

Although these loss values are still high for an optical
fiber, owing to the large nonlinear coefficients of the sil-
con core materials they are nevertheless sufficient to allow
for the first demonstrations of nonlinear propagation and
characterization of this fiber class. To illustrate thisg.Fi
The SCFs used in our work are fabricated via the moltéh shows examples of (a) all-optical wavelength conversion
core drawing (MCD) method [2]. In this approach, the silicoand (b) broadband supercontinuum generation obtaineckin th
material is packed inside a glass tube to create a millimepered SCF platform. Fig. 2(a) shows the results of fourewa
ter sized preform, which is then heated and drawn downixing (FWM) wavelength conversion of optical signals in
into a fiber with micrometer dimensions. Owing to the higkhe telecoms band, obtained using a low power)(63 mW
temperatures used in the drawing process, this methodaisgrage~ 17W peak) femtosecond pump pulse source [6].
currently restricted to producing SCFs with polycrystali Broadband conversion can be observed for different signals
core materials, with core diameters on the order of sevefab60 — 1670 nm), which is only limited by the tuning range
micrometers or larger. Thus, in order to reduce the coressizaf our CW laser source. The signal gain peaks-at570 nm
down to the few-micrometer diameters needed to achiewéh a value of~ 9 dB, which is the highest parametric gain
efficient nonlinear processing, we make use of a post-draeported in a crystalline silicon waveguide in the telecoms
tapering procedure. This procedure offers the added aalgantband to date. Fig. 2(b) shows broadband, almost two-octave
in that by melting and recrystallizing the silicon core in @&panning (.6 — 3.5 um), supercontinuum generation obtained
controlled fashion, it is possible to improve the materizglify in a tapered SCF, optimised for transmission in the mid-
and thus reduce the optical losses to values comparableito tinfrared region [5]. Specifically, the fiber was designed to
single-crystal silicon waveguide counterparts [4]. have a large tapered output coupler, to minimise interactio
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Fig. 3. Spliced SCF to SMF, facilitated via a silicon nandkspcoupler.

IV. CONCLUSION

(b) . T lsa2 < Silicon core fibres have been fabricated and characterized
’ for use in nonlinear applications across a broad wavelength
I 4']08 - region, with device performances that are comparable, or
2 e better, than their planar counterparts. It has been shoatritth
s SCFs can be directly integrated with conventional glassdibe
I opening a route for robust and efficient all-fiber nonlinear
g, systems.
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Fig. 2. (a) Overlapping output spectra showing FWM wavellerapnversion [2]
of various telecom signals in a tapered SCF. (b) Superaantin spectra
generated in a tapered SCF when pumped in the mid-infragidrre

(3]

of the generated mid-infrared light with the lossy cladding
When pumped with & ym pulse source, chosen to minimize [4]
the effects of two-photon absorption, we were able to aehiev
a power conversion efficiency of 60%, which is higher thans)
previous demonstrations in group IV-based waveguides. As a
result, we were able to achieve an average supercontinuu@
power of~ 6 mW at the output, which is sufficient for many
practical applications.

B. SCF integration

Despite their physical similarity to single mode fibers
(SMFs), coupling light efficiently into and out of the SCFs
remains a difficult task due to the high refractive index of
silicon, which results in significant reflection losses and a
large mode mismatch. We have recently developed a modified
tapering procedure that enables us to produce nano-spike
couplers on the ends of the SCFs, similar to those employed
by the planar community [3]. These spikes can be cleaved
and spliced to standard SMF using a modified fusion splicing
technique to obtain a robust joint, as shown in Fig. 3. Optica
transmission measurements of the integrated SCF-SMFealevic
have revealed that the coupling loss due to the nano-spike is
around~ 3 —4dB, which is significantly lower than our free-
space coupling approach, and numerical simulations itglica
that this could be reduced te 0.5 dB.
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