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Abstract. Semiconductor optical fibre technologies have grown rapidly in the last

decade and there are now a range of production and post-processing techniques that

allow for a vast degree of control over the core material’s optoelectronic properties.

These methodologies and the unique optical fibre geometry provide an exciting

platform for materials engineering and fibres can now be produced with single crystal

cores, low optical losses, tunable strain, and inscribable phase composition. This

review discusses the state-of-the-art regarding the production of silicon optical fibres

in amorphous and crystalline form and then looks at the post-processing techniques

and the improved material quality and new functionality that they afford.

Keywords: Semiconductor materials, optical fibres, fibre fabrication, semiconductor

photonics

1. Introduction

There is no doubt that the optical fibre and the silicon chip have both transformed the

way in which humanity communicates and shares ideas. Over the last decade a number

of research groups have been working to merge these society changing technologies to

produce silicon-based optical fibres that can exploit the optoelectronic functionality of

the semiconductor materials directly within the fibre geometry. Silicon based optical

fibres typically consist of a silica cladding and a silicon or silicon-alloy core material, and

thus afford the optical fibre some of the functionality of the more traditional ‘on-chip’

silicon-on-insulator platform. This includes direct access to the electrical properties of

the material and also the non-linear optical properties that can be four orders of mag-

nitude greater than those of the standard silica optical fibre [1, 2]. In a short span of

time, there have been great strides made with regards the demonstration of devices that

can harness the core material’s properties for ultrafast optical signal modulation and
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Silicon optical fibres 2

broadband frequency generation [3–6]. These devices, being in fibre format, have the

potential to be directly integrated with the existing optical fibre infrastructure, paving

the way for all-fibre networks with much greater functionality.

Owing to its importance in the microelectronics industry, silicon has been exten-

sively investigated to find ways of controlling its optoelectronic properties such as its

electron mobility and energy bandgap. Investigations have included the introduction of

dopants, strain and alloying materials, all of which have the common goal of enabling

Moore’s law, via continued CMOS scaling, beyond 2020 [7–10]. The silicon optical fibre

has a very different geometry to CMOS based chips, which opens up new opportunities

for engineering the material’s properties. The large aspect ratio of the core, with high

confinement in the radial direction facilitates extreme localisation of the engineering

conditions. Furthermore, these conditions can be varied along the longitudinal axis of

the fibre, greatly increasing the functionality. For example, it has been found that it

is possible to use a laser to permanently modify silicon’s bandgap energy by ‘writing’

anisotropic tensile stresses of up to 5 GPa into the core material [11]. This approach

enables the bandgap of the silicon to be varied along its length, which has the poten-

tial to greatly simplify the the fabrication and integration of optoelectronic components.

Though the semiconductor optical fibre platform has just undergone its first decade

of active development, the potential of post-processing these fibres is a relatively new

topic of research with some key advances already being demonstrated. This review arti-

cle will highlight the significant advances that have been made to date, and explore the

landscape for the application of these techniques to further enhance the functionality of

the semiconductor optical fibre.

2. Fabricating silicon optical fibres for post-processing

In general, there are two complementary methods for the production of silicon optical

fibres, the high pressure chemical vapour deposition (HPCVD) technique and the

molten core drawing (MCD) process. In the context of producing fibres for post-

processing applications, both techniques offer advantages, for example the HPCVD

technique can produce optical fibres with an amorphous core and the MCD process

can produce fibres with highly crystalline cores; two very different starting points for

post-processing [12, 13]. In this section, we review both methods and pay particular

attention to the material properties of the fibre cores.

2.1. High pressure chemical vapour deposition

It was in 2006 that the first silicon-core optical fibre was produced. Collaborators

from Pennsylvania State University and the Optoelectronics Research Centre at the

Page 2 of 20AUTHOR SUBMITTED MANUSCRIPT - SST-104196.R1

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

A
cc

ep
te

d 
M

an
us

cr
ip

t



Silicon optical fibres 3
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Figure 1. The HPCVD silicon fibre; a) A schematic of the deposition process. b) A

small core silicon fibre with complete core filling.

University of Southampton used a modified HPCVD process to grow the silicon inside

the pore of a silica capillary which acted as a low refractive index cladding and a template

for the final structure [12]. In this instance, silica was chosen for the cladding material

as it is compatible with standard optical fibres and is strong enough to withstand the

high pressures required of the deposition process. The capillary is threaded through

a small tube furnace and a mixture of silane and a carrier gas is forced through the

capillary at a pressure of 35 MPa, a schematic of the process is shown in Fig. 1(a). The

reaction is thermally initiated at the region of interest and, as the precursors decompose,

the material is conformally deposited onto the near atomically smooth capillary walls

(roughness values of σ ∼ 0.1 nm [14,15]). To produce fibres that are amenable to post-

processing, it is important that the silicon completely fills the capillary pore as trapped

air or gases can expand when heated and deform the entire structure. For silicon optical

fibres, this is possible as the reaction’s byproducts can diffuse through the capillary wall.

Furthermore, careful control of the furnace’s temperature profile can be used to deposit

the core over lengths of several centimetres [16,17]; an image of a filled step index fibre

can be seen in Fig. 1(b).

One of the major benefits that the HPCVD process has over other techniques

is that is can be undertaken at much lower temperatures. Precursor decomposition

requires significantly lower energy than that for melting bulk material and the silicon

can be deposited at temperatures as low as 300 ◦C [18]. As a result, it is possible

to deposit silicon in an amorphous, hydrogenated amorphous or poly-crystalline state,

which provides a wide range of starting materials for post-processing applications. Fig. 2

shows the Raman spectra of various forms of silicon that can be deposited. Other

advantages afforded by low temperature deposition include the mitigation of thermal

expansion mismatching and the ability to make small core (sub-micron) fibres without

the issues associated with elemental in-diffusion from the cladding into the core.

2.2. Molten core drawing

Molten core drawing was first demonstrated for making silicon optical fibre by the

Ballato Group at Clemson University in 2008 [19] and has since been adopted by a

number of groups worldwide [20–24]. The method is based on a modified fibre drawing
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Figure 2. The Raman spectra of as-deposited silicon using the HPCVD process;

blue line is amorphous, green line is the peak relating to the hydrogen-silicon bond of

hydrogenated amorphous silicon, and dashed peach is poly-crystalline silicon.

process in which the preform is typically made from a silica tube that has been filled with

silicon in rod or powder form. As schematically illustrated in Fig. 3(a), the preform is

fed into the furnace where it is heated to above the core material’s melting temperature

before being drawn into a fibre. Though the silica cladding is above its glass transition

temperature, it is still robust enough to act as a crucible for the molten silicon and the

resulting fibres maintain their cylindrical symmetry when drawn, see Fig. 3(b). The

key benefits of the MCD technique are that it can produce very long lengths of fibre

(100’s of kilometres) and that the cores consist of long millimetre-scale single crystal

grains [25, 26].

With respect to the production of silicon fibres for post-processing, the high

temperatures associated with the MCD technique mean that the core material is limited

to being in a crystalline form. However, it does present the opportunity to do some

reactive materials science in the drawing step and has been shown as a simple route

to making optical fibres with silicon alloy cores, an example being the SiGe optical

fibre [27]. The core size of fibres produced by the MCD process are relatively large with

respect to those prepared by the HPCVD approach as the in-diffusion of oxygen from

the cladding, can restrict the final achievable core size. This has been to some extent

addressed by adding oxygen getters and diffusion barriers to the preform [21,28], which

has enabled fibres to be drawn with core sizes as small as 4 µm. However, it should be

noted that this is still quite large compared to the size required for single-mode operation

at telecoms wavelengths (350 nm). Post-processing of the fibres can be an alternative

route to enabling further core size reduction and fibres with nano-scale cores have been

demonstrated [29].
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Figure 3. (a) A schematic of the MCD process and (b) a silicon-core optical fibre

drawn by the MCD process.

3. Post-processing techniques

A key advantage of the silicon-core fibre platform is that it is possible to exploit the

advanced post-processing techniques that have been developed for conventional glass

fibres to optimize both the materials and the waveguide geometry. Important examples

of this are heat treatments such as tapering and laser processing.

3.1. Tapering via filament heating

Tapering via filament heating is a well-established method used to post-process fibres

with the primary function being to alter the waveguiding properties [30,31]. This process

is typically conducted by heating and pulling the fibre from each end, which results in a

re-scaling of the the core and cladding to smaller dimensions as it is stretched. However,

an added benefit of this procedure for the silicon fibre is that the simultaneous heating

and drawing of the molten semiconductor can help to improve the material quality as
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Silicon optical fibres 6
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Figure 4. (a) Schematic of the tapering procedure in which the silicon fibre is sleeved

into a longer capillary. The filament heats the combined structure, which is drawn in

the direction of the arrows. (b) Longitudinal image of a tapered silicon-core fibre. (c)

Microscope images of two polished fibre cross-sections, where the core diameters are

0.6 µm and 4.8 µm, respectively.

the core crystallizes on cooling [32]. In order to maintain the integrity of the multi-

material fibres, a new tapering procedure has been developed in which the as-drawn

silicon-core fibres are first sleeved inside a thicker capillary before heating and drawing,

as illustrated in Fig. 4(a) [33]. As well as helping to strengthen the fibres as their

dimensions are reduced, it also reduces the length of silicon fibre required for processing

from several tens of centimetres to ∼ 1 cm. The sleeved fibres can then be tapered using

a standard glass tapering rig with appropriate choice of pulling speed and the filament

power. During the processing, both the silica sleeve and fibre cladding soften, and fuse,

while at the same time the silicon-core melts so that it flows through the reshaped

cladding, before recrystallizing as it cools. The result is a smooth, continuous, tapering

from the untapered fibre down to the waist, as shown in Fig. 4(b). This method is highly

versatile and fibres have been fabricated with taper ratios of 1:2 to 1:20, as illustrated

in Fig. 4(c). In all cases, the cladding diameters change proportionally to the core, and

the total taper length is typically ∼ 2 cm, of which there is a constant waist region of

∼ 1 cm.

The material quality of the processed core materials have been assessed using both

Raman spectroscopy and X-ray diffraction (XRD) measurements. Firstly, micro-Raman

measurements were performed at the taper waist for the three fibres and compared

with the as-drawn material, which in this instance was produced via the MCD process.

The results for each of the tapered waists are shown in Fig. 5(a), together with a

typical spectrum for the untapered fibre. A Voigt function (dashed curves) was used to
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Figure 5. (a) Raman spectra for the silicon-core material taken for the as-drawn fibre

and at the tapered waist sizes given in the legend. The dash curves are Voigt fits and

the corresponding Lorentzian linewidths are given in the legend. (b) Lattice spacing

of diffraction spots measured via XRD as a function of position along a section of

the as-drawn fibre (blue) and tapered waist (red). Different d-spacings correspond to

different crystallographic planes, as labelled.

fit the spectra to deconvolve the Lorentzian peak of the material from the instrument

broadening, which is Gaussian shaped, with the extracted Lorentzian widths given in the

legend. For comparison the silicon reference has a width of Γ = 2.7 cm−1. The estimated

Raman widths of the measured fibres indicate that there has been an improvement

of the poly-crystalline core material during the tapering process, in accordance with

previous results for germanium core fibres [32]. Furthermore, the improvement appears

to be more pronounced for the larger taper ratios. This trend is not unexpected as

the smaller cores experience a higher cooling rate, which suppresses the number of

nucleation sites [26,34]. The slight downshifting in the position of Raman peaks in the

tapered fibres from the expected value of 520 cm−1 has been attributed to residual strain

associated with differences in the thermal expansion of the core/cladding materials [17].
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Silicon optical fibres 8

To investigate the crystallinity further, subsequent measurements were performed in

a D ∼ 2 µm tapered core fibre using a high-energy, micro-focused X-ray beam generated

by a synchrotron light source [35]. By scanning the X-ray beam along the fibre length,

it was possible to map the crystal grain size within the tapered region. The complete

mapping of the crystallinity within two ∼ 1 cm long sections, corresponding to the as-

drawn fibre (blue diamonds) and the tapered waist (red squares), is shown in Fig. 5(b).

The as-drawn fibre is clearly made up of several millimetre long crystal grains, some of

which overlap, in agreement with previous measurements of these fibres [21]. However,

the tapered region is found to consist of only a single grain which extends over a length

of 9 mm, verifying that the crystallinity has been improved by the tapering process.

3.2. Laser processing

Owing to the versatility of laser processing, there are a number of research groups using

such laser treatments to modify the optoelectronic and microstructural properties of

semiconductor optical waveguides [11,34,36–41]. The fine control of the processing pa-

rameters, compared to rapid oven or photothermal [42] annealing, has led to significant

improvements and control of their properties. Investigations have included the laser

assisted crystallization/recrystallisation of the core material as well as the local modifi-

cation of stress and material composition. Laser treatment is also being used to derive

interesting encapsulated semiconductor structures within the glass cladding [27,43,44].

While hot-filament treatment of the fibre indiscriminately heats both the core and

cladding, lasers can be much more selective and localised when the appropriate wave-

length is selected. Furthermore, pulsed laser treatments using above bandgap energy

radiation can facilitate materials engineering at the core-cladding interface [39]. Highly

localized heating and variable irradiation durations create conditions in which both ki-

netics and equilibrium thermodynamics are important, making these fibres a platform

for the exploration of materials processing conditions not conventionally accessible. The

two primary methods for laser recrystallization that have been explored are: 1) heating

the core by direct optical absorption, and 2) heating the core by thermal conduction

from a laser heated cladding. In the first case, the core is illuminated with photon

energies above the energy bandgap of the core, but within the transparency range of

the glass cladding. This allows for strong thermal isolation of the heated core material

and the result can be used to strongly tune material properties such as the strain. In

the latter case, the cladding is heated using infrared radiation that is absorbed by the

cladding and energy is transferred to the core via thermal conduction so as to induce

melting. In a recent paper, Gumennik et al used a diode laser combined with CO2

treatment to impart energy to the core and cladding simultaneously [43].

The general set-up for laser treatment involves a source of coherent radiation, a

translation stage, and, in some cases, simultaneous monitoring of the emission from
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Figure 6. A schematic of a typical laser crystallization set-up. M1, M2, M3 are

dichroic mirrors, BE is a beam expander, BS is a beam-splitter, F is a notch filter with

a centre wavelength positioned at the laser’s (L) wavelength, and X, Y, and Z are a

set of programmable stages. The CCD can be used to capture the emission from the

core.

the core, see Fig. 6. Imaging of the process is possible due to the higher visible light

emissivity of the core materials (compared to the glass encapsulant) at the temperatures

reached [27,39].

4. Materials engineering via post processing

4.1. Single crystal growth

As discussed briefly in Section 3.1, the formation of large crystalline regions along the

length of the core is desirable for optical applications as scattering losses are suppressed.

Provided that the drawing conditions are optimised, the MCD technique can produce

fibres that have large (millimetre-scale) crystals in the core [42, 45]. However, the core

diameters are then restricted to 10’s of micrometres, which can be too large for many op-

tical applications [20]. Conversely, the HPCVD process can produce optical fibres with

small cores, but also with small crystals along the cores length (∼ 1 µm) [46,47]. Though

furnace-based thermal annealing has been used to reduce the losses of crystalline core

fibres [48], laser processing and hot-filament tapering have emerged as powerful post-
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Silicon optical fibres 10

processing technologies for producing fibres with arbitrarily long single crystal cores so

that the losses can be commensurate with the silicon photonics planar technology [34,36].

As silicon is a unary system, solidification involves a competition between the nu-

cleation of new grains versus epitaxial growth on existing grains. Nucleation of new

crystallites is a time-dependent statistical phenomenon, so the probability of creating

long single crystal regions in the fibre is increased by a rapidly moving solidification

front. A large temperature gradient, as is afforded by laser and hot-filament heating,

will suppress nucleation ahead of the main solidification front. If rapid scanning of a

large axial temperature gradient region is performed, and the radial gradient of tem-

perature is small, the likelihood of epitaxial growth is high. This was demonstrated

by the authors of this review [34], where 10 µm diameter silicon-cores were melted and

re-solidified with a CO2 laser. The temperature gradients of 104 K cm−1 permitted cen-

timetre length single crystal fibre cores to be grown and the loses were reduced from

> 20 dB cm−1 to < 2 dB cm−1, see Fig. 7. The growth of long single crystals has also

been replicated with SiGe core fibres where the crystal lengths are seemingly only lim-

ited only by the travel of the translation stages [39].

An alternative approach to single crystal growth was undertaken in Ref. [11]. Using

an argon ion laser with an emission wavelength of 488 nm, the formation of ∼ 300 µm

length single crystals in cores of 1.7 µm were observed. This technique was later extended

by Ji et al. [36] to produce lengths of up to 1.6 mm. The photon energy of the laser that

was used by both teams is greater than the bandgap energy of silicon and is absorbed

by the core, thus, presenting the opportunity for large departures from thermal equilib-

rium. Ji et al. suggest an optimal temperature gradient, based on simulations, of a few

thousand K cm−1 and discuss the advantages of keeping the cladding at a low temper-

ature during remelting of the core. However, their simulations do suggest that, to fully

melt the core, the cladding exceeds the softening point of the glass, at least in the inter-

face region. In this instance the authors have reported optical losses of < 1 dB cm−1 [36].

The hot-filament tapering process outlined in Section 3.1 has also shown that large

crystals of greater than 9 mm can be produced in the taper waist and, though the tem-

perature gradients were not a focus of this study, in general, faster cooling rates have

been associated with improved crystallinity. The material improvements obtained via

hot-filament tapering also have corresponding loss reductions that are comparable to

laser grown cores (∼ 2 dB cm−1) and both processes are complementary, which is an

exciting prospect for the future of post-processed semiconductor optical fibres.
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Figure 7. (a) Loss measurements for fibres that were recrystallised with a CO2 laser.

(b) The same data as (a) but plotted as a function of temperature per second.

4.2. Strain effects

As the coefficients of thermal expansion of the core and cladding are different, the

fabrication of crystalline silicon optical fibres produces an inevitable residual strain.

By controlling the drawing conditions silicon fibres fabricated via the MCD process can

have compressive or tensile strain across the core as there is a complex interplay between

the softening of the cladding and the expansion of the core on solidification. Fibres

fabricated in crystalline form using the HPCVD process (i.e. deposited at temperatures

> 500 ◦C), display only a tensile strain on the core as the material reduces its volume

when cooling to room temperature. If the fibre is first produced with an amorphous

core, and subsequently crystallised in a furnace, a strong tensile strain of ∼ 1 % can be

induced. This is owing to silica being a native oxide of silicon, thus permitting a very

strong bond to form at the core-cladding interface. When the core is crystallised it has a

substantial decrease in volume; in this case the strain is somewhat reduced as the silica

is heated above its glass transition temperature in the process. In all of these cases the

strain is predominantly hydrostatic, which means that the optoelectronic properties are

not significantly affected. Using a laser to selectively melt the core material provides
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Silicon optical fibres 12

a route to thermal, temporal and spatial control of this process, which allows one to

develop more complex strain profiles in the fibre. A remarkable outcome of this is the

production of fibres with tunable anisotropic strain that can be used to modify the

core material’s energy bandgap [11]. Fibres with amorphous cores of 1.7 µm diameter

were treated with a 1 W, 488 nm light source. Tensile strains up to 5 %, Fig. 8(a,b),

were observed by Raman and XRD, and photoconductivity measurements were used to

determine that bandgaps could be reduced to almost half that of bulk silicon, 0.59 eV,

see Fig. 8(c). With such a shift, one can envision a silicon fibre that can guide telecoms

light and have detectors written anywhere along its length.

A CO2 laser can also be used to induce break-up of the silicon-core and produce

a periodic linear array of spheres that can have either compressive or tensile values;

the type of strain can be selected and tuned by varying the composition and temporal

temperature profile [27, 43]. Recent results on fibres made from sol-gel preforms [49]

report somewhat lower levels of stress than are typically seen in silicon-core fibres,

but it is likely this data was collected on the polished surface, and the proximity of the

beam to the glass interface was not clear. Removal of the glass relieves the stress, so care

must be taken when comparing data from etched or polished cores versus measurements

through the glass cladding.

4.3. Bragg gratings

To date, two methods have been explored to make periodic modification in the axial

properties of the semiconductor fibres, demonstrating the potential of these materials for

use in Bragg grating structures [27]. The primary mechanisms are stress modification

for femtosecond writing of a grating in silicon-core fibres, and compositional alterations

for long period gratings in SiGe core gratings. In the former case, the grating was

written in a fibre previously annealed to reduce losses. Bragg gratings for telecom wave-

lengths were written using short pulses (517 nm, 220 fs, 100 nJ) which interact strongly

with the silicon in the vicinity of the interface with the glass cladding, see Fig. 9. This

introduced a periodic strain field in the core and cladding that was sufficient to give

a narrowband reflected signal at the design wavelength. However, damage introduced

into the glass during the process resulted in an overlaid stress field that was not per-

fectly periodic, leading to broadening of the reflected peak. Both birefringence in the

cladding glass and variations of the Raman signal were used to assess the strain field [27].

Periodic compositional features were written in SiGe-core fibres by varying the

velocity of the solidification front during laser processing [39]. Both on/off cycling of a

CO2 laser, and explicit variation of the fibre velocity during solidification were used to

inscribe periodic compositional changes in the core, with periods on the order of 100 µm,

see Fig. 10. The largest reported variations in Ge concentration were approximately

3%, corresponding to a large index change. No optical results were provided, but such

gratings could potentially be of value for long wavelength applications.
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Figure 8. Laser processing of silicon fibre produced by the HPCVD technique. (a)

Raman spectra demonstrating the tunabilty of the strain. (b) XRD peaks showing

asymmetry of the strain. (c) Photoconduction measurements of a laser processed

silicon optical fibre compared to a silicon standard.

5. Perspectives and outlook

The optical properties of the silicon-core fibres presented in this article clearly highlight

their potential for use in a range of optoelectronic applications, as outlined below.
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Figure 9. The reflected spectrum from a Bragg grating produced in a silicon optical

fibre with a 517 nm femtosecond laser. Inset is on optical microscope image of the

inscribed section of fibre.

Figure 10. Periodic compositional engineering produced in a SiGe core optical fibre.

In this instance a pulsed CO2 laser was used to produce Ge rich regions along the

fibre’s length

5.1. Non-linear optics

The combination of low losses and small core sizes, particularly in the tapered structures,

are opening the door to the observation of a wide range of non-linear processes.

Many of the early demonstrations focused on making use of the ultrafast speed of the

Kerr non-linearity to realize devices such as optical modulators [5] and switches [50].

However, as control over the fabrication procedures has improved, more recently it

has been possible to tune the dispersion properties of these fibres through the core

size [51], making it possible to extend the non-linear measurements to the observation

of broadband wavelength conversion via four-wave mixing [4]. In particular, such

wavelength conversion is of interest for generating new sources of light in the infrared

region where traditional glass fibres suffer from high losses. By further reducing the

losses, we anticipate that these fibres could be used for the observation of a wide-array

of non-linear dynamics extending from the telecoms band and well into the mid-infrared,

where applications include surgery, imaging and sensing. Furthermore, there have been

a number of theroetical papers that predict that the taper structures can be used for
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Figure 11. Non-linear absorption of a silicon optical fibre that has been tapered from

a core diameter of 12 µm to 2 µm.

pulse shaping and compression [52,53], which will be an exciting avenue of exploration.

In a clear demonstration of the potential of post-processing to permit new applications,

Fig. 11 shows the non-linear absorption measurements of a poly-crystalline core optical

fibre that was tapered from 12 µm to 2 µm using the hot-filament method [33]. This

result represents the first report of non-linear optical processes in poly-silicon waveguides

in any format.

5.2. Optical-electrical conversion

There have been a number of successful attempts to produce optical detectors in the

silicon optical fibre format [54, 55], however, the wavelengths that can be detected are

limited to those of traditional silicon detectors (0.3 µm to 1.1 µm), thus precluding their

use for telecoms applications. Post-processing techniques, in particular laser processing,

present the intriguing possibility of extending this detection range. For example, the

strained silicon described in Ref. [11] has been shown to detect light at wavelengths ex-

ceeding 2 µm, suggesting that laser annealed silicon could be used for detecting telecoms

wavelengths. Furthermore, one could consider using the local increase in intensity pro-

duced in the waist of a tapered fibre as a means of producing a two-photon absorption

facilitated detector. In addition, the fibres are being explored as a source material for

the fabrication of in-fibre detector arrays and extracted semiconductor particles for p-n

hybrid devices [43, 44].

Silicon optical fibres have also been used as solar cell precursor materials. Long

lengths (metre-scale) of solar thread have been produced via the HPCVD method [56]

and fibres produced by the MCD process have been ‘cut and stacked’ to produce a planar
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array [57, 58]. The later experiments undertaken by Martinsen et al showed that they

could substantially increase the purity of the silicon from solar cell grade to electronics

grade using the drawing process in an analogue of the zone refining process, and it is

envisaged that the tapering and laser processing could reduce impurities further. As the

crystalline, optical and electronic properties of these materials continue to improve, there

is a bright future for their development as fibre, fabric and array-based optoelectronic

elements.

5.3. Terahertz waveguides

Silicon has been predicted to be a useful material for guiding terahertz radiation as it has

a constant refractive index and relatively low absorption over this frequency range [59].

Thus this opens the door for these fibres to find use in this increasingly important

frequency regime, where potential applications include security, medical imaging, quality

control, environmental monitoring, to name but a few [60–62]. Compared to their

planar counterparts, silicon fibres offer a number of useful advantages such as extended

waveguiding lengths, flexibility and polarization independence, if required. In order

to ensure that the radiation is well guided in the semiconductor core, away from the

silica cladding, silicon diameters of several hundred’s of micrometres would be required,

making the molten core drawing technique the optimum fabrication approach. However,

by considering different cladding material options and/or silicon-metal heterostructures,

smaller and more flexible fibres could be designed. Post-processing of these fibres will

provide an extra degree of freedom in device design, for example, index modification

and tapering could be used to alter the waveguiding characteristics to produce gratings

and mode-transformers.

6. Conclusion

The post-processing of semiconductor optical fibres is a rapidly growing field and though

this review is focussed on silicon-based fibres, there is an ever-expanding catalogue of

core types, such as germanium [45,63], zinc selenide [64], selenium telluride [65] and in-

dium antimonide [66]. It is anticipated that the techniques that have been outlined will

be directly transferable to these materials facilitating a fruitful future for this research

field.

It is incredibly encouraging that post-processing of semiconductor optical fibres

has seen losses reduce dramatically and that they are now commensurate with silicon

photonics waveguides. However, it is important to note that low-loss fibres at single-

mode core dimensions have not yet been realised [67], though the hot-filament tapering

method is now producing fibres that are approaching this critical milestone. The

hot-filament method can also be used to produce silicon fibres with tapered profiles

that are mode-matched and impedance-matched with standard optical fibres, thus
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greatly improving integration [29]. This, the added resolution, and the optoelectronic

functionality provided by laser processing suggest that the silicon fibre is close to

becoming a viable technology for next generation photonics networks.
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