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Abstract—This paper will review progress in the development order of ten micrometers or larger. Thus, in order to access

of nonlinear devices from the semiconductor optical fibre pht- the full range of materials and dimensions, our work makes
form. The nonlinear performance will be benchmarked throuth ;56 of both fiber types.

demonstrations of high-speed all-optical wavelength comrsion, Fig. 1 displ micr im f semiconductor fiber
modulation, and continuum generation across a broad wave- g. Splays microscope images ot semiconaucto ers

length range. fabricated via the different techniques. Fig. 1(a) shows tw
Index Terms—Nonlinear Fiber Optics; Fiber Fabrication; Sil-  fibers, an amorphous silicon microstructured fiber and alsimp
icon Photonics step index core fiber, fabricated via the HPCVD method.
Fig. 1(b) shows a polysilicon fiber fabricated via the MCD

. INTRODUCTION approach that has been tapered, post-fabrication, to hary t

The nascent field of semiconductor core fibers is attractiggre size along the length. The inset in Fig. 1(b) shows the
increased interest as a means to exploit the optoelectroeiched core of a HPCVD ZnSe fiber for use as a cylindrical
functionality of the semiconductor materials directlyliitthe whispering gallery mode (WGM) resonator. For reference,
fiber geometry [1], [2]. Compared to their planar countetpar typical loss values for these core materials arel dB/cm
this new class of waveguide retains many of the advantagedaois hydrogenated amorphous silicon (a-Si:H),1.5dB/cm
properties of the robust and flexible fiber platforms. Moy for polysilicon (poly-Si), and~ 1dB/cm for ZnSe atl.5 ym
by making use of the two dimensional microstructured fib¢?], [4].
templates, or by employing standard fiber post-processing
procedures such as tapering, it is also possible to tailer t
waveguide design far beyond what is achievable on-chip,
particular use for nonlinear applications [3].

In this paper, | will review our efforts regarding the optica
characterization of a range of semiconductor fibers. Resdlt
transmission measurements obtained for fibers with differe
core materials and geometries will be presented, with th
potential to extend their application into the long (mid to ESEWe -
far-infrared) wavelength regimes being discussed. Ourkwor

in this area has shown that this new fiber technology has

- - . Fig. 1. Semiconductor core fibers. (a) Silicon microstreeduoptical fiber;
great potential for the development of a wide range of dwm%set shows a step index silicon core fiber. (b) Taperedbsilimre fiber; inset

including broadband sources, modulators, and amplifiers. shows a fiber-based ZnSe microcylindrical resonator.
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Il. FIBER FABRICATION

. L . I1l. RESULTS AND DISCUSSION
There are two main approaches to fabricating semiconduc-

tor optical fibers. The first makes use of a high pressufe Silicon Fibers

chemical vapour deposition (HPCVD) method in which the Although these loss values are still high for an optical fiber
semiconductor material is deposited inside micrometezdsizowing to the large nonlinear coefficients of the semiconadiuct
pores of pre-fabricated capillaries [2]. This depositmased materials they are nevertheless sufficient to allow for thet fi
method is quite flexible as it can be adapted to fill a rangkemonstrations of nonlinear propagation and charactaiza
of silica templates with both amorphous and polycrystallinof this fiber class. To illustrate this, Fig. 2 shows examples
materials simply by tuning the deposition temperature amd supercontinuum generation obtained in both the HPCVD
pressure. The second approach is based on a conventi@a8i:H and MCD poly-Si core materials. Fig. 2(a) shows two
fiber drawing method whereby the semiconductor materiatoadband spectra generated via a cascaded four-wavegmixin
is packed inside a glass tube to create a millimeter sizptbcess in the a-Si:H core fiber. A key advantage of this
preform, which is then heated and drawn down into a fiber withaterial is that, compared to poly-Si, it has a higher naam
micrometer dimensions [1]. Owing to the high temperaturesefficient and lower loss. For the longer pump wavelength
used in the drawing process, this method is currently itstti we have obtained a continuum spanning more than an octave,
to producing polycrystalline fibers with core diameters ba t which we attribute to the higher nonlinear figure of merit of



the material as we move deeper into the mid-infrared [5]. Fig (@)

2(a) shows spectra generated in the poly-Si core fiber, which 6f

we believe to be the first observation of supercontinuumim th &
material system [6]. Although the nonlinearity in this fiher 5 4

lower than in (a), the length can be made much longer tg
compensate for this, in this case5 times longer. To further o 2|
enhance the nonlinear process, the fiber was tapered to b@h

reduce the core size and improve the crystallinity [7]. Qo

the longer fiber length, in this case the broadening is preduc
via soliton fission and again an octave-spanning continuasn h

been achieved for the longest pump wavelength.
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Fig. 3. (a) Measured second harmonic emission spectrurat displays the
corresponding transmission spectrum showing the pummaese at\ ~
1548 nm (red fit). (b) Plot of the measured second harmonic power as a
function of the fundamental power dropped into the resanéset shows a
photograph of the generated visible second harmonic light.

IV. CONCLUSION

Semiconductor fibers with various core materials and
waveguide designs have been fabricated via chemical depo-
sition and fiber drawing methods. Both these methods are
now sufficiently advanced that the semiconductor fibers are
regularly produced with optical transmission losses asdsw
a few dB/cm, which is enabling nonlinear characterizations
and device demonstrators. Owing to the broad transparency
windows of the semiconductor materials, these fibers could
find use in applications extending beyond telecommuninatio
and into important areas such as environmental sensing and
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Fig. 2. (a) Supercontinuum spectra generated in a HPCVDdggrated
amorphous silicon core fiber. (b) Supercontinuum spectnzergéed in a
tapered MCD polysilicon core fiber.

(1]

[2]
B. ZnSe Fibers

One of the drawbacks of silicon for nonlinear optics is that[3
the processes are limited to those based on the third order
x® susceptibility. Thus the possibility to access the Iarge[‘
x?) susceptibility in crystalline compound semiconductomecor
fibers is highly advantageous, not only to reduce the powel-g]
thresholds, but also as it allows for the observation of sses
such as second harmonic generation (SHG). In Fig. 3(a),
we present the first demonstration of a visible (red) signal
produced via SHG in a ZnSe core fiber, when it is pumped with
a telecom source [8]. In order to satisfy phase matching the
fiber was pumped in a WGM geometry, and the corresponding
transmission spectrum is shown in the inset with the pump
resonance highlighted in red. The position of the generated
second harmonic light is in excellent agreement with the
resonant pump at548 nm (i.e., \; = 1548/2 ~ 773.9nm) 8
and the collected second harmonic power follows the expecte
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