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Abstract - Photonic crystal fiber signifies the new form of fiber optics that provides a variety of enhanced features over the 
classic optical fiber. These fibers possess the combined properties of the photonic crystal and the optical fiber which make 
them suitable for the sensing applications. An overview of photonic crystal fiber as sensor is presented in this paper based on 
their guiding mechanism and interferometry techniques used for their applications. Various sensors have been developed so 
far and more are expected build up based on their remarkable characteristics. 
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I. INTRODUCTION  
 
The development of the optical fibers has always 
been very important in the field of modern 
telecommunication. The optical fibers were 
developed in the 20th century; a conventional optical 
fiber confines the light into the fiber by index guiding 
mechanism. All over the past decades the 
performance of the classic optical fibers has made 
them stand out in the communication as well as 
various other fields. The development of optical 
fibers was a remarkable revolution which leads to the 
building of highly sensitive and controlled systems, 
based on the light guidance.  
Optical - fiber - based sensors have proved to be an 
efficient solution to many sensing technology based 
industries due to their small size, flexibility, 
robustness and low cost. Other advantage which 
makes them appropriate to be used in the harsh 
environmental conditions is high immunity for noise, 
electromagnetic interferences, radiations and high 
voltage. 
Even though standard optical fibers have excellent 
performance over all these years, but still they have 
certain limitations such as the material selection, fiber 
geometry and the refractive index profile due to 
which other fiber characteristics such as dispersion, 
nonlinearity and birefringence get affected which are 
important characteristics for the fiber sensor 
applications. 
The first ever photonic crystal fiber (PCF) was 
reported in the year 1996, and since then its progress 
has been increasing rapidly. In contrast to 
conventional optical fibers the PCF has distinct 
structural property which offers the possibility for the 
researchers to work on the new fiber designs and 
properties, due to this, the ability of the PCF based 
sensors to replace the traditional sensors have also 
increased. Therefore scientists have been making an 
effort to employ PCF in all kind of fields for sensing 
application. 
PCF sensors have outstanding capability for 
monitoring environmental changes. To date, PCF 

sensors have been used to monitor wide range of 
sensors based on parameters such as position, 
vibration, strain, temperature, pressure, humidity, 
viscosity, current, electric field and various other 
factors.  
 
II. BASICS OF PHOTONIC CRYSTAL FIBER 
 
PCF has been pioneered by the research group of 
Philip St. J. Russell in the 1990s. The difference 
between a photonic crystal fiber and the conventional 
optical fiber is that, PCF an arrangement of very tiny 
and closely spaced air holes in the cladding region 
which go through the whole length of fiber, which 
surrounds the core which can be solid or hollow, as 
shown in figure (a) and (b). 
 

                          
Fig1: (a) solid core (b) hollow core 

 
During the development and manufacturing process 
of the fibers, the physical parameters have to be 
controlled in order to produce the kind of fibre which 
is preferred. In the classic optical fiber the parameter 
which is needed to be taken care of is the core 
diameter. Where as in PCF, there are three parameters 
which are needed to be controlled, i.e. the core 
diameter (휌), the diameter of the air holes of the 
cladding (d) and the pitch (Λ) (distance between the 
centres of two consecutive air holes). These three 
parameters and the refractive index of the material 
make the fabrication process flexible which gives the 
freedom to manage the fiber properties [1] [2] [3]. 
As discussed earlier the PCF geometry can be divided 
into two types: solid core fiber and hollow core fiber 
and based on this the basic guiding mechanism of 
light through the fiber can be explained. The different 
guiding mechanisms are: (1) Modified total internal 
reflection (2) Photonic bandgap guidance (PBG).  
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In the solid core PCF, the cladding region consists of 
small cavities which surround the fiber core. Due to 
the presence of very tiny and closely spaced air holes, 
the effective refractive index of cladding is lower 
than that of the core and so the light guided into the 
core is by the principle of modified total internal 
reflection (M-TIR). 
The second type of PCF has a hollow core, in this 
type of PCF the periodic honey-comb like 
microstructure in the cladding surrounds a large 
central air hole, which serves as the core of the fiber. 
This micro-structured cladding with air holes is used 
for guiding light into the hollow core. Normally the 
refractive index of core has to be higher than the 
surrounding cladding for the light to be guided 
through the fiber, but in hollow core fiber there is no 
way of obtaining this, as the refractive index of air is 
less than that of glass. So the light cannot propagate 
in this fiber through normal mechanism (M-TIR).  
So a different mechanism is used based on the 
photonic band gap guidance (PBG). Such fibers are 
also called as photonic bandgap fibers. These fibers 
have a limited wavelength range in which the 
photonic bandgap mechanism works. The light in the 
fiber core is trapped by the photonic bandgap of the 
cladding. The core only supports the frequencies 
falling inside the photonic bandgap and all the other 
frequencies falling outside are not considered.  
Since surrounding the core there is a photonic 
bandgap the light will remain in the core area and will 
be guided along the whole length of fiber. This 
method gives high power delivery without nonlinear 
effect or material damage [1] [2] [4]. 
Many other advantages come with this fiber like the 
various possibilities to fill the fiber core with gases 
and liquids, which leads to numerous opportunities of 
using this fiber for different applications. 
 
III. TYPES OF SENSING APPLICATIONS 
BASED ON INTERFEROMETERS 
 
Photonic crystal fibers have been extensively used in 
various sensing applications due to their unique 
characteristics like high accuracy, low cost, high 
sensitivity, low fabrication cost, and due to their 
potential for practical applications. 
To date a variety of sensing applications have been 
implemented with the help of photonic crystal fibers 
such as temperature, pressure, strain, refractive index, 
displacement, curvature bend sensor and so on. 
Furthermore their sensing capabilities have been 
enhanced by utilizing the innovative technology that 
is, fiber optic interferometer. 
 
This section categorizes the various types of optical 
interferometers based on their operating principle and 
also specifies their field of operation. As there are lot 
many applications, it is difficult to include all of them 
in this review. Therefore only some of important 
applications have been explained. 

There are four types of optical interferometers called 
as Fabry-Perot, Mach-Zehnder, Michelson and 
Sagnac interferometers. For each of these sensors 
their operating principle and different sensing 
applications are presented. 
 
3.1 Fabry-Perot interferometer sensor 
A Fabry- Perot interferometer (FPI) consists of two 
parallel reflecting surfaces which are separated by a 
certain distance. Some incident light falls on one of 
the surface and then some of that light is transmitted 
and some gets reflected. The interference pattern 
occurs due to the superposition of transmitted and the 
reflected beam at the two surfaces. 
 
In the fiber the reflecting surfaces can be put inside or 
outside the fiber. These fibers can be classified as the 
extrinsic or intrinsic fibers, as shown in figure (a) and 
(b). The extrinsic FPI sensors can be made by 
forming an air cavity in the fiber structure and the 
intrinsic FPI sensor formed by placing two reflecting 
surfaces along the fiber.  

 
Fig 2: (a) Extrinsic FPI sensor made by forming an external air 

cavity, and (b) intrinsic FPI sensor formed by two reflecting 
components, R1 and R2, along a fiber. 

 
The reflection or the transmission spectrum obtained 
from the FPI can be described as the wavelength 
dependent intensity modulation of the input light 
spectrum, which is mainly caused by optical path 
difference between the two transmitted or the 
reflected wave. The maximum and the minimum peak 
of the spectrum of the two beams at a particular 
wavelength are in and out of the phase respectively. 
The basic principle behind the working of the FPI is 
explained as: the two mirrors are placed parallel to 
each other at a distance (d). When the incident light 
falls on the surface of the mirror at an angle of 
incidence (θ) many reflections take place inside the 
fiber. Some part of the light is transmitted and some 
is reflected. These transmitted light rays interfere 
with each other and give rise to a maxima and 
minima depending on the optical path difference 
between the two rays. This optical path difference 
between the two rays is given by, 
                  Δ = 2ηdcosθ 
The phase difference is given by, 
                   δ = 훥 
When any external perturbation is applies to the 
sensor system the phase difference is influenced by 
optical path difference of the interferometer. So by 
applying many such parameters such as temperature, 
pressure, strain etc, the shift of the wavelength 
spectrum of the FPI can be obtained. Therefore 
depending on the application, the FPI can be designed 
[4]. 
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Many researchers have experimented on various 
sensor applications in recent years based on this 
interferometer such as, strain, high temperature, 
humidity, pressure and refractive index. 
 
3.2 Mach-Zehnder interferometer sensor                                             
Mach-Zehnder interferometer (MZI) has been widely 
used in sensing application because of its 
configuration. The MZI has two independent arms i.e. 
the sensing arm and the reference arm along with two 
fiber couplers, as shown in the figure3. An incident 
light is split into the fiber coupler and then 
recombined by another fiber coupler. 

 
Fig 3: Mach Zehnder Interferometer 

 
For sensing applications, the sensing arm is exposed 
to the environmental perturbations like temperature, 
strain, pressure, humidity, refractive index, electric 
and magnetic field etc, and the reference arm is kept 
isolated from all these perturbations or measurands. 
The interaction of the measurand with the light field 
results in the phase shift, which can be detected when 
the modified light field interferes with the reference 
light. The recombined light has the OPD between the 
two arms, which can be easily detected by analyzing 
the variations in the interference signal. [5] [6] [7] 
Lechan le demonstrated his work explaining the 
different types of sensor applications in which MZI 
has been used for various sensing applications like 
refractive index, liquid level sensing, temperature and 
strain. MZI has been used in many other such fields 
such as chemical and biological based sensing 
applications. 
 
3.3 Michelson interferometer 
The Michelson interferometer (MI) is the most 
commonly known optical configuration used for 
interferometry. Fiber optic sensors based on MIs are 
quite similar to the MZIs. In terms of similarities the 
Michelson is often considered to be the folded Mach 
Zehnder, and vice versa [6]. The main difference 
between the two interferometers is that the MI 
requires only one optical fiber coupler and two 
reflecting mirrors at the end of fibers, as shown in 
figure 4. 

Fig 4: Michelson interferometer. 
 
The fabrication and the operating principle of the MIs 
are almost same as the MZIs. In Michelson 
interferometers, the incident light is split into the two 
arms i.e. sensing and the reference arm by the beam 
splitter or the optical fiber coupler. This light travels 
through the reference and the sample paths and are 

reflected back by the reflectors, and then they are 
again combined back by the same splitter. The 
interference pattern of the light is then measured by 
the detector. The sample arm is subjected to the 
perturbations and the phase shift acquired is 
measured using the interference with the reference 
light.  
Another clear advantage of the Michelson is that the 
sensor can be interrogated with only a single fiber 
between the source detector module and the sensor. 
However, a good quality reflection mirror is required 
for the Michelson interferometer [5] [6] [7]. Just as 
MZI the MI also has been used in many of the 
physical parameter sensing applications. 
 
3.4 Sagnac interferometer. 
Earlier Sagnac interferometers (SI) were used for 
fiber gyroscopes that can be used to sense angular 
velocity. Sagnac interferometers are of great interest 
owing to their various sensing applications because of 
their simple structure, easy fabrication and 
environmental robustness.  

                   
Fig 5: A Sagnac interferometer 

 
A Sagnac interferometer consists of a fiber loop, 
along with a source, detector and a coupler. The 
incident light beam is split into two directions by the 
coupler, the two beams travel in opposite angular 
directions i.e. clockwise and anticlockwise directions 
and then the two counter propagating beams are 
combined again at the same coupler. Unlike the other 
fiber interferometers, the OPD is determined by the 
polarization dependent propagating speed of the 
guided modes along the loop. To enhance this feature 
the birefringent fibers are typically used in for the 
sensing part of the fiber. The polarization is adjusted 
by the polarization controller in the fiber. The 
interference is obtained between the beam polarized 
along the slow and the fast axis. The phase of 
interference is given as,  

훿 = 	
2휋
휆 	퐵	퐿 

Where, B is the birefringent coefficient and L is the 
length of the fiber. 
The Sagnac interferometers also have been used for 
the physical parameters sensing operations like the 
temperature, strain, pressure etc. The high 
birefringent fiber or the polarization maintaining 
fibers are specially used for temperature sensing 
application due to the birefringent parameter 
variation. For other sensing applications like strain, 
pressure, twist and curvature bend, the polarization 
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maintaining PCF have been introduced for the 
sensing applications [4]. 
 
IV. APPLICATIONS OF THE OPTICAL 
SENSORS 
 
The photonic crystal fiber optic sensors are used in 
several areas of application and it is divided into two 
sub sections. The subsections are physical sensors 
and biochemical sensors which are given below [2]. 
 
Physical sensors:  
Physical optical sensors measure physical parameters 
such as temperature, pressure, curvature, 
displacement, `torsion, electric and magnetic, 
refractive index and vibration. Physical sensors which 
assess strain, curvature, torsion and temperature are 
of immense interest for structural health monitoring. 
Other physical sensors like pressure and refractive 
index find applications in field of medicine and 
biochemistry. While electric and magnetic field fiber 
sensor are beneficial for sensing at high voltages. 
 
Biochemical sensors:  
PCFs offer a number of unique advantages in 
chemical and biological applications. Due to the 
presence of air holes running along the fiber they can 
accommodate biological and chemicals samples in 
gaseous and liquid form.The sensors which are 
implied using PCFs are molecular, gas, humidity and 
pH sensors.  
The molecular sensor is very important for the 
application such as biochemistry and biomedicines 
for which the detection of the molecules like DNA, 
proteins and cancer cells are of huge importance.  
In industries such as chemical, biochemical and 
military as diffusion is important to analyze. 
Therefore it is of great importance to develop as 
sensing techniques that are quantitative, fast acting 
and not susceptible to external poisoning. To satisfy 
these requirements PCFs are employed. 
Humidity measurement is required for several 
applications such as metrological, chemical, food 
processing industries, civil engineering, horticulture, 
air conditioners and electronics processing. PCFs 

humidity sensor offers advantage such as small size 
and weight, immunity to electromagnetic interference 
and corrosion resistance, when compared with 
electronic counter parts. Other parameter that is 
important to monitor is pH. For application field such 
as medicine, environmental sciences, agriculture, 
food science, or biotechnology the pH measurement 
is of great importance. PCF as a pH sensing probe has 
advantage of being flexible and the air holes enhances 
the specific surface area for sensing. 
 
CONCLUSION 
 
An overview of PCF based sensors and their 
applications along with the most commonly used 
fiber interferometers have been presented in this 
paper. Physical parameter sensing is the most 
developed area for application so far, and several 
more sensors are expected to be developed for the 
biochemical sensing field. This paper presents that 
the photonic crystal fiber is a technology with 
outstanding potential for sensing and the unusual 
features of PCF leads to an increase in the options for 
new and improved sensors to be developed in future. 
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