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A collaboration of researchers from the Cyprus 
University of Technology, Clemson University 
(USA), KTH Royal Institute of Technology 
(Sweden), and the Norwegian University of 
Science and Technology describe fi bre Bragg 
grating (FBG) characterisation and inscription in 
crystalline silicon-core fi bre using visible light 
femtosecond laser pulses. 

The silicon FBG was characterised and 
calibrated for the fi rst time as a strain and 
temperature sensor and compared with standard 
silica fi bre-inscribed FBGs using the thermal and 
elasto-optic coeffi cients of the core/clad phases.

Beneath the surface

Silicon is widely known for its non-linear 
optical and electrical characteristics and is 
extensively used for photovoltaic and 
semiconductor applications. Crystalline 
semiconductor fi bres constitute a new class of 
optical fi bres, displaying promising transmission 
characteristics for use in the far-infrared 
spectrum. The material characteristics, such as 
high optical non-linearity, thermal conductivity, 
and damage threshold, coupled with a 
fundamental compatibility with computer chips 
and the signifi cance to silicon photonics makes 
silicon-core fi bres an exciting development.

Silicon-based photonics seeks to use silicon as 
an optical medium, and its appropriate 
structuring with sub-micrometre precision to 
create photonic components. This case considers 
a novel silicon-core optical fi bre that is suitably 
structured using a femtosecond laser, in a 
controlled manner. The Bragg grating was 
inscribed using a new inscription method 
developed by academics at the Cyprus University 
of Technology and the Photonics and Optical 
Sensors Research Laboratory. The inscription 
method offers signifi cant control and fl exibility 
of the grating inscription parameters to 
predictably achieve different grating structures 
and a high-quality grating with tailored 
characteristics. 

Laser inscription

Author Antreas Theodosiou describes the team’s 
process: “We made use of the plane-by-plane 
inscription method and a femtosecond laser 
operating at 517 nm, sweeping the laser beam 
transversely across the fi bre axis and the 
silicon-core region. We exploit the lack of 
penetration of the laser into the silicon core, 
indeed the penetration depth of the particular laser 
wavelength in silicon is less than 1 µm; however, 
the ultra-short duration (220 fs) of the beam 
increases the temperature rapidly at the focal point 
from ~300K to 104–105K. This rapid temperature 
rise at the cladding-core (silica-silicon, 
respectively) interface creates a strain fi eld in the 
silicon core region; by stepping and repeating this 
process we induce a periodic modulation 
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throughout the core exposed to the laser, resulting 
in a fi bre Bragg grating.”

This work is an extension of the groups earlier 
research which showed the possibility of 
developing fundamental optical components in 
silicon-core fi bres. Their current research 
characterises the components on exposure to 
external temperature and strain fi elds. The use of 
the plane-by-plane inscription method offers the 
required controllability that is not possible using 
apparently similar laser inscription methods. All 
key grating components can be made using the 
plane-by-plane method without any restriction to 
the grating operating wavelength that can be 
designed to coincide with the fi bre’s transmission 
characteristics. This is the fi rst FBG strain and 
temperature sensor in a silicon-core fi bre.

Fibre fi nesse

The creation of key fi ltering components is a 
fundamental requirement for the development of 
any optical system. As technology evolves it is 
critical to offer solutions to ensure that the most 
basic fi ltering functions can be maintained and 
enhanced. Prior to this research there was no 
method available to reliably inscribe grating 
fi lters in silicon-core fi bres. Demonstrating the 
incorporation of key optical components in 
silicon fi bre is extremely important, as now two 
issues are being addressed, i) material differences 
and ii) the capability to incorporate optical fi lters 
for off-chip wavelength division multiplexing 
(WDM) devices.

The main diffi culties were not related with the 
inscription of the grating fi lter, but rather the 
connectorisation of the silicon-core fi bre with 
conventional silica fi bres for the characterisation 
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measurements, where traditional spectral 
analysis systems were used, as typically 
used for telecommunications or sensing 
applications. The silicon is not effi ciently 
cleaved and fusion spliced with conventional 
cleavers and splicers, therefore the group used 
alternative approaches to launch light into the 
fi bre, such as the butt-coupling method. 
However, the high refractive index of silicon 
(~3.44) compared to ~1.446 for silica fi bre 
creates unwanted back refl ections when 
light is coupled to the silicon-core fi bre. 
Also, the fi bre lengths were short and limited 
in number, which placed a greater importance 
on the successful inscription and characterisa-
tion of the gratings. 

Silicon success

There is fi nally potential to interconnect or 
integrate optical fi bres with planar silicon 
components, given the material homogeneity, 
and to incorporate effective wavelength fi ltering 
off-chip. Moreover, the demonstration of 
inscribing Bragg grating fi lters in semiconductor 
fi bres and performing strain and temperature 
measurements offers information applicable to 
tuneable fi lters. Applications related to 
sensing, signal processing/fi ltering, and laser 
development and advanced communications 
are envisaged for use in the far-infrared 
wavelength range.

Theodosiou comments on the team’s future 
plans: “We are pursuing the exploitation of this 
research, improving the fi bre fabrication and 
adjusting the inscription process accordingly. A 
key goal will be to further reduce fi bre losses 
and to develop new fi bre devices, both passive 
and active.” This technology is new and there 
are several fi elds to be exploited that offer 
opportunities for further collaboration between 
the authors, collaboration with other research 
groups, and research projects. Silicon photonics 
will be leading technology in the next few years 
and this aspect remains largely unexplored.
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