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Vigorous research activity in optical fiber sensors has focused on novel fiber types and 
the emergence of innovative sensing concepts, with the aim of advancing existing sensor 
versatility. Wavelength encoding of sensor signals is critical for absolute measurement 
capabilities, naturally leading to fiber grating and surface plasmon sensors. Here we 
consider the development of several wavelength encoded sensors, such as embedded, 
microstructure fiber grating sensors in polymers, infiltrated microstructure fiber 
sensors using ferrofluids, surface plasmon sensors for applications in bio-photonics and 
sensors tailored for harsh radiation environments. Moreover, the use of femtosecond 
lasers in developing vectorial magnetic field sensors is presented. 

Introduction 
Optical fiber sensors have been the subject of vigorous research activity for more than 
forty years, but have yet to realize their full potential [1]. However, recent developments 
some of which are outlined in this paper will show how point sensors have gained 
further impetus. This has been driven principally by the development of novel fiber 
types and the emergence of innovative sensing concepts. The ultimate goal is to 
improve on the versatility of optical fiber sensors, mainly by increasing sensor 
functionalisation. This functionalisation can take many forms, either physical, chemical 
or both, and can include embedding sensors in flexible membranes; infiltrating the holes 
of microstructure fibers; combining existing fiber technology with traditional deposition 
processes, and combinations of laser processing with reactive gas exposure. Here, the 
focus will be on some key sensor demonstrations based on the aforementioned schemes. 
Specifically we will consider the development of embedded, advanced microstructure 
fiber Bragg grating (FBG) sensors in polymers for esophageal manometry [2]; recent 
advances in infiltrated microstructure fiber sensors using ferrofluids for magnetic field 
measurements will be discussed [3], as will surface plasmon sensors for measuring low 
refractive indices required for bio-photonics and sensors tailored for measurements in 
harsh radiation environments [4]. Finally, the advent of compact femtosecond lasers has 
driven sensor development in the direction of laser etching, offering the opportunity to 
tailor the mechanical and optical properties of sensors, making it possible to develop 
vectorial fiber sensors with wavelength encoded outputs [5]. 

Advanced sensors based on microstructure optical fibers  
I will begin by considering two very different applications of microstructure optical 
fibers. We shall first consider the use of multi-mode polymer optical fibers and 
embedded sensors in a single device that is highly flexible and inherently 
biocompatible. The advantage of polymers as sensors is related to their very low 
Young’s modulus (~3 GPa versus ~73GPa for silica), which means that accurate strain 
information can be recovered from highly compliant structures that would otherwise be 
underreported by equivalent silica fiber sensors. In the case of esophageal 
measurements it is critical that reliable data is recovered in order to assess motor 
function of the sphincters and the esophageal body. In particular, biocompatibility, 
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sufficient sensing resolution and patient comfort prove critical for manometric sensing 
systems. A novel sensing approach addresses all these concerns, whilst also allowing for 
sensor multiplexing, using an embedding polymer fiber containing fiber Bragg gratings; 
whereas traditionally a solid-state catheter is used [2]. A microstructure multimode 
polymer optical fiber and several gratings operating in the low loss 800-nm region are 
embedded in a tubular transducer that converts radial pressure to axial strain, Fig. 1, 
enabling quasi-distributed pressure sensing along the esophagus. The use of POF 
enhances the sensitivity by a factor of ~6 compared with silica fiber, while reducing the 
risk to fiber breakage. 

 

 
(a) 

 

(b)  

(c)  
Fig. 1. (a) Flexible polymer sensing tube, (b) multiplexed embedded polymer sensing tube illuminated 
with a 635nm light source, (c) linear response of silica and more sensitive POF sensors. After [2]. 

 
The second application makes use of glass microstructure fibers where the holes are 
infiltrated, in this case with ferrofluids. A ferrofluid is a stable colloidal suspension of 
magnetic nano-particles dispersed within a liquid carrier [3]. Exposure to a magnetic 
field aligns the magnetic moments of the particles along the field lines leading to 
changes in both volume and viscosity. The ferrofluid is lossy at optical frequencies and 
this liquid “defect” can generate parasitic modes in the optical fiber. When this fiber 
arrangement is combined with a Bragg grating it is possible to tune the Bragg grating 
spectrum. In this way we have a Bragg grating actuator, whose properties are governed 
by the overlap of the infiltrated ferrofluidic in the fiber capillaries with the grating 
length; the activation is initiated using a static magnetic field.  

(a) (b) 
Fig. 2. (a) Schematic of Bragg grating actuator whose spectral properties are governed by the overlap 
with the infiltrated ferrofluid, (b) Trimming the bandwidth and strength of an apodized, chirped grating 
for a 40-mm long uniform grating infiltrated using a 3-mm defect. After [3]. 

Advancements in optical fiber sensors

6



Fig. 2 shows an example of this type of device that can be configured to behave as a 
tunable filter. In this case the bandwidth and grating strength are trimmed by the degree 
of overlap. There is some flexibility in the grating/ferrofluid configuration that allows 
for the potential to demonstrate several different types of devices, such as magnetic field 
miniature probe or as shear-stress and magnetic valve sensing units having sub-
millimeter spatial accuracy. 

Plasmonic fiber sensors 
Surface plasmon resonance (SPR) is a standard tool used to monitor various 
biochemical reactions. SPR sensors couple light incident on a metallic layer, such as 
gold, to free electron oscillations at the surface of the metallic layer. The phase 
matching mechanism resonantly couples power to the plasmon modes and any reflected 
light at the surface displays a characteristically sharp dip in intensity that is dependent 
on the angle of incidence. The plasmon electric field penetrates beyond the surface of 
the film and is affected by the refractive index and adsorption of any molecules on the 
metallic layer. There are several types of SPR sensors that have been integrated into 
optical fibers, and this may be seen as an important step in their widespread utilization. 
Here we consider the combination of radio frequency sputtering, to deposit various 
oxide, semi-metal and metallic layers, with ultraviolet (UV) laser processing to generate 
a surface relief structure, Fig. 3 that promotes coupling to the plasmon mode [4]. A 
particular feature of these devices is their sensitivity to very low refractive indices that 
are demanded in biomedical applications. The fiber-based geometry of the SPR sensors 
offers key advantages, principally avoiding the need for accurate alignment associated 
with bulk-optic SPR devices. As the incident light polarization is rotated the resonance 
wavelength can be tuned by nearly an octave from the visible to the near infra-red 
spectral regions, and this modifies the level of the plasmon field above the surface 
coating. The resonance wavelength shows very good sensitivity to the refractive index 
of the medium above the surface coating, notably in the aqueous index regime and 
below. Different coating combinations can be used to provide photosensitivity, enhance 
measurand sensitivity and permit immobilization of appropriate biochemical species. 
 

 
 

  
(a) 

 (b) 
Fig. 3. (a) RF deposition of oxides (SiO2), semi-metals (Ge) and metallic (Au) layers when combined 
with UV laser processing can produce surface relief structures that support the propagation of surface 
plasmons. (b) A maximum index sensitivity of 4000 nm/RIU in the aqueous index region of 1.33 to 
1.39 is possible with different coating combinations leading to tailored sensor responses. 

 

Proceedings Symposium IEEE Photonics Society Benelux Chapter, 2012, Mons

7



Sensors for ionizing radiation 
FBGs are sensitive to ionizing radiation [5]; the induced Bragg wavelength shift (BWS) 
is dependent largely on the fiber type and conditions of any fiber processing. An 
ionizing radiation-induced dose of tens of kGy typically results in a BWS of tens of pm 
for gratings written in intrinsically photosensitive Ge-doped fibers, and this will 
increase in hydrogen loaded fiber. Clearly, as the BWS increases with radiation dose, 
the radiation sensitivity of FBGs can be exploited to design a dosimeter with the 
important advantages of small size, light weight, and the possibility for on-line dose 
monitoring. Such attributes are considered critical for space instrumentation 
applications. The mechanism of the radiation sensitivity of FBGs is attributed to the 
generation of radiation defects, and BWS of up to 190 pm are possible for certain 
grating types; in particular for Type IA gratings [5]. The Type IA is essentially a 
subtype of conventional Type I gratings, displaying a large increase in the mean core 
index, identifiable as a large red shift in the grating Bragg wavelength λB during UV 
laser inscription. λB is dependent on fiber type and hydrogenation conditions, but it 
saturates, for a highly doped fiber (either high Ge dopant or B/Ge co-doped fiber) at 15 
to 20 nm, and 5 to 8 nm for SMF-28 fiber. Type IA gratings have lower temperature 
stability as compared to standard gratings; this is an indication of a higher structural 
damage due to the grating inscription method. Such a damaged structure is more 
sensitive to ionizing radiation as compared to the structure of Type I gratings. Fig. 4 
shows a very large Bragg peak shift of 190 pm for a Type IA grating written in PS-1250 
fiber at a radiation dose of 116 kGy. 

 

 
(a) 

 

 
(b) 

Fig. 4.  (a) Change of Bragg grating wavelength on radiation exposure, with the greatest BWS for the 
Type IA FBG. (b) BWS kinetics during irradiation, as a function of the accumulated dose. After [5]. 

Femtosecond laser micromachining and inscription in optical fibers 
A particularly topical field is the use of femtosecond lasers to induce refractive index 
changes or ablation in transparent materials. A focused femtosecond laser pulse changes 
a material’s physical properties through non-linear absorption of the laser energy, 
allowing for the fabrication of intricate microstructures; this is an important 
development in the innovation of advanced components for medicine (stent production) 
and photonics (micro-devices and sensors) [6]. Femtosecond lasers are well suited to the 
inscription of FBG and long period gratings (LPG). FBGs have a periodic refractive 
index modulation of the optical fiber core with a sub micron pitch, reflecting light at the 
Bragg resonance wavelength with the forward guided mode coupling to a backward 
mode and to cladding modes. On the other hand, LPGs have a much larger period (few 
hundred microns) and couple light from the core to forward propagating cladding modes 
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producing broad spectral loss bands. Minor modifications to the femtosecond laser 
writing approach can readily produce both grating types and far more complex grating 
structures [8]. There is flexibility to alter all the key grating parameters, such as 
variations in the grating length, pitch and strength, finally leading to changes in the 
wavelength spectrum, Fig. 5. 
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(d) 

Fig. 5. (a) Spectra for femtosecond laser inscribed FBG, (b) FBG position in the fiber core. (c) 
Transmission spectrum of a LPG of period 400 µm. (d) Peak refractive index sensitivity of a LPG 
sensor, with opposing wavelength shifts for different attenuation bands on exposure to certified 
refractive index fluids.  

Magnetic field sensor through femtosecond laser inscription 
Magnetic sensors are widely used to control and analyze devices such as linear and 
rotary position sensors. Optical detection methods can use interferometry, Faraday 
rotation and cantilever arrangements, measuring high-frequency fields from 1 nT to 1 T, 
or by using mumetal shields for detecting slowly varying or static magnetic fields, 
which leads to practical application issues. Magnetic sensors would be well served with 
a sensitive optical detection method for static magnetic field measurement, and ideally 
with wavelength encoded sensor information. A single femtosecond inscription platform 
can be used to induce both index change and ablation by careful control of the laser 
energy, thereby inscribing a fiber Bragg grating and a micro-machined rectangular slot 
into the same optical fiber [7]. The sensing region when coated with Terfenol-D is 
sensitive to static magnetic fields via dimensional changes through magnetostriction. 
The micro-slot breaks the fiber symmetry, producing non-uniform strain across the fiber 
cross section, offering the potential for vectorial sensing, Fig. 6. The Bragg grating 
offers the wavelength encoded sensor output and wavelength shifts that conform to 
changes in the fiber structure in response to the external magnetic field. The sensor 
shows high sensitivity to weak static magnetic field and sensitivity to the magnetic field 
direction, which has previously not been demonstrated with comparable approaches. 
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(b) 
Fig. 6. (a) Schematic of the magnetic optical fiber sensor geometry, with femtosecond laser inscribed 
FBG in the core and micro-slot, all coated with Terfenol-D, and a microscope image of the slot prior to 
being filled and coated. (b) Sensor response to magnetic field strength. After [7]. 

 
A minimum detection limit of 0.047 mT and a sensitivity of 0.3 pmmT−

1 with a 
resolution limit of ±0.3 mT in a magnetic field strength of approximately 20 mT is 
possible (Fig. 6). The inherent simplicity of the optical configuration shows the potential 
of this method due to its small sensor size and ability to be remotely interrogated. 

Commentary 
This paper has shown what is possible with versatile optical fiber sensors, with simple 
ideas allowing for the measurement of many physical parameters, whilst using detection 
methods that offer high-resolution, wavelength-encoded sensor outputs. The future for 
optical fiber sensors is very promising indeed. 
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