
Pics4all │application note  

 

Photonic Integrated Circuits 
for Fiber Bragg Grating Based Sensing 

Fiber Bragg Grating based (FBG) sensors find appli-
cations in many fields requiring structural monitoring, 
to follow mechanical deformations or perform indirect 
measurement of pressure and temperature. These 
include the gas and oil industry for pipeline monitoring, 
civil large infrastructure construction monitoring, such 
as dams and bridges, or the automotive and aerospace 
vehicles industries. 
Electrical sensors have been widely used for same 
purposes but had major drawbacks that were overcome 
with the use of FBG sensors: the use of an optical fiber 
with much lower transmission losses than electrical 
cables allows increasing the monitoring range while 
removing sensitivity to electromagnetic interferences. In 
addition, the use of multiple FBG optimized for separate 
wavelengths and placed at different positions on the 
same fiber allows multiplexing sensors to spread across 
the monitored structure. Finally, the sensors are passive 
and require no electronic parts in the monitored area. 

 
 

Fig. 1: Schematic view of FBG-based sensing using reflections 
from the network. A broadband or tunable source is injected 
into the FBG sensor network. The light reflection is then 
analyzed for each FBG having different characteristic 
wavelengths. 
 

FBG sensor units are constituted of two parts, as shown 
in Fig. 1: the passive sensors deployed as a single fiber 
or an optical network, and the active optical 
interrogation unit akin to a transceiver. The latter can 
easily be integrated into a photonic integrated circuit 
(PIC) to reduce costs, weight and footprint, and 
interrogation units using PICs are already commercially 
available 1 . A variety of designs of both the sensor 

                                                        
1 http://www.technobis.com/products/extreme-fiber-sensing/ 

network and the interrogation unit are possible, and 
simple ones will be presented in the next two sections. 
 

FBG Sensors Networks 
A single fiber can be used as a distributed sensor 
passing through strategic areas of the structure to 
monitor, with FBGs “written” at different positions in the 
fiber. Each FBG is created using a holographic or phase 
mask process to permanently alter the refractive index 
of the fiber core in a periodic fashion. This refractive 
index variation in a small region of the fiber reflects light 
in a short window across a specific wavelength λFBG, as 
shown in Fig. 2. Each FBG is designed with a different 
characteristic wavelength that acts as an identifier. 
 

 
 

Fig. 2: Schematic view of an optical fiber with an FBG. The 
different sections of the fiber are not represented to scale. The 
two levels of blue denote different refractive indices of the core. 
 
As the FBG is deformed under strain, the refractive index 
modulation is altered leading to a shift of λFBG. In order 
to monitor strain at the location of the FBG, light is sent 
into the fiber and the transmitted or reflected spectrum 
are measured. Changes in λFBG can then be recorded by 
tracking the spectral dip/peak created by the FBG. 
When a single fiber is used as sensor, FBGs are generally 
evenly spaced in the fiber, their characteristic 
wavelength increasing proportionally with their distance 
from the fiber lead-in. Measuring the wavelength shift 
around each λFBG thus allows monitoring strain over the 
fiber length. Such a simple sensor network however 
offers no resilience to breaks in the fiber, and other 
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multi-fiber sensor network architectures with 
redundancy have been designed in order to handle 
multiple fiber breaks2. 
 

Interrogation Unit & Photonic Integration 
The interrogation unit is the only active part of the setup 
and is perfectly suited to photonic integration (see inset). 
Fig. 3 depicts schematically a simple interrogation unit 
using a single tunable laser as light source. Couplers and 
photodetectors can also be easily integrated, allowing 
fabricating the light source, waveguides, coupler and 
photodetector on the same chip.  
 

 
 

Fig. 3: Example of a simple interrogation unit: the light from a 
tunable C-band source is injected into the FBG network through 
one branch of an optical coupler. On the other branch, a 
photodetector collects the reflection by the FBG. An FPGA or 
computer-controlled board is necessary to control the 
wavelength sweep, and collect and process measurements. 
 

No electronic components are integrated along the 
optical ones, hence the PIC requires external control, 
typically from an FPGA. The wavelength sweep is 
controlled externally, and the measurement for each 
wavelength scanned is stored. In order to obtain 
measurements that are not limited by the wavelength 
step of the tunable source, fitting of the data should also 
be performed on the FPGA to recover the peak 
wavelength of the spectrum reflected by each FBG3. 
 

Technical Considerations 
Each specific application requires careful design of the 
sensor network as well as of the interrogation unit, to 
satisfy requirement on both accuracy and speed of the 
measurements. Additional optical components such as 
semiconductor optical amplifiers, ring resonators or 
interferometers can also be included on the PIC in order 
to accommodate the designs of modern interrogators4. 

 

Discuss your application with us 
If you are interested to know more about the use of PIC 
technology, please contact Heming Huang, coordinator 
of the PICs4All Application Support Center (ASC) at 
Telecom ParisTech, France. The PICs4All consortium5 is 
funded under the Horizon 2020 framework and brings 
together expertise to support end-users, like academia, 
research institutes and industry, with PIC technology. 
The ASCs can help you connect to the eco-system of 
designers, foundries, packaging and test services. 
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2 https://doi.org/10.1109/TIM.2009.2016786 
3 http://dx.doi.org/10.3390/s17071472 

4 https://doi.org/10.1109/JLT.2016.2598395 
5 http://pics4all.jeppix.eu/ 

Photonic Integrated Circuits (PICs) 
Also known as optical chips, PICs can contain tens to 
hundreds of optical components. While electronic ICs 
consist of transistors, capacitors and resistors, a PIC 
consists of, for example, lasers, modulators, photodetectors 
and filters, all integrated on a single substrate. These PICs 
are nowadays extensively used commercially, mainly in 
datacom and telecom. 
PIC technology has now become accessible to users 
without a cleanroom, through so-called multi-project wafer 
runs and open foundries. Indium phosphide based 
technology is commercially available through SMART 
Photonics and Heinrich Hertz Institute. Access is 
coordinated by the JePPIX platform: http://www.jeppix.eu/. 
 

 


