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Abstract: This study models, simulates, and characterizes the Fibre Bragg grating (FBG) in terms of maximum reflectivity,
bandwidth, the effect of applied strain on the wavelength shift, 2B, and the wavelength shift sensitivity with strain for an optical
sensing system. This work uses a commercial FBG with a 1550 nm center wavelength to measure the spectral response of FBG
to strain. The effective refractive index (1.46), the grating period (A) for 530 nm in the FBG performance, the fluctuations in
refractive index (An) from 0.0002 to 0.0020, and the fiber grating length (L) from 1 to 10 mm are the parameters used in these
simulations. The bandwidth and spectrum reflectivity can be obtained by analyzing the refractive index and grating length
fluctuation. OriginPro Software and Microsoft Excel are used to perform simulations on the FBG. Data are generated using the
Excel sheet, and visualisations are produced using OriginPro Software. The obtained results show that the bandwidth and
spectral reflectivity are impacted by variations in the refractive index and grating length. Furthermore, the obtained results
indicate that variations in the Bragg wavelength can be attributed to an elongation of the grating zone caused by the applied
strain.
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L. INTRODUCTION

Due to their notable qualities, which include their minuscule size, light weight, immunity to electromagnetic interference (EMI),
electrical neutrality, and ease of integration into a structure without affecting the mechanical properties of the object being studied,
fiber bragg gratings (FBG) have demonstrated a great potential advantage in biomedical application over the past ten years [1].Fibre
Bragg Grating's ability to completely convert absorbed energy into heat without generating PA signals from scattering particles
made it suitable for use as a photoacoustic (PA)detection technique to identify the presence of tumors[4]. The photoacoustic
technique is distinct because it blends ultrasonic resolution with light contrast[5]. This technique is used in tumour diagnosis
because of its benefits, which include noninvasiveness, high detection sensitivity, and the ability to identify small element
sizes[6],[7].

A sensor can be made out of specifically constructed optical fibre. In a tiny portion of the fibre, the core refractive index of the
optical fibre intended for sensor applications differs from that of the conventional fibre core and cladding [8]. Usually, a periodic
structure is introduced in that tiny portion of the optical fibre core. Fibre Bragg Gratings (FBG) are the name given to this region of
the fibre core because it reflects specific wavelengths of light. When a dielectric waveguide's properties are regularly altered, the
effective refractive index of the guide is also periodically altered [9],[10]. Alternatively, when a DBR is a structure composed of
multiple, alternating layers of materials with variable refractive indices. The Bragg wavelength shift of Fibre Bragg Gratings
determines the sensitivity of FBG-based sensors. Encoded in the fibre core segment, the FBG is a periodic wavelength scale
alteration of the refractive index. Bragg gratings reflect light at a particular wavelength that meets the Bragg condition. This
reflection in a grating occurs when forward and back propagation modes couple at a specific wavelength [11]. The coupling
coefficient of the modes is highest when the specific condition, such as the Bragg condition, between the vectors of the light waves
and the vector number of the grating, is satisfied:

m-Ag =2Ny - A\ "

For a single FBG, there are theoretically an infinite number of Bragg wavelengths. The diffraction order Bragg wavelength changes
for different values of m, as may be obtained from equation (1). In actuality, only one or occasionally two Bragg resonance
wavelengths are used because there is a large spectral gap between the two. The second Bragg wavelength of the grating will be
twice as short, at 750 nm, assuming the first one, m=1550 nm, is 1550 nm. However, the spectral range of the sources utilised for
fibre is usually limited to 100 nm.
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Additional Bragg peaks may show up if the refractive index modulation in FBG is not sinusoidal, as it usually is. For example, a
rectangular grating's Fourier spectrum contains a large number of modulation frequencies, which can result in several Bragg peaks.
Even though the index modulation of most fiber-based gratings is essentially sinusoidal. There are several FBG structures; however,
in order to test how effectively an FBG works as a sensor, this study's experiment and analysis employed a uniform FBG.

1. THE FUNDAMENTALS OF FBG SENSING PRINCIPLE
The Fibre Bragg Grating (FBG) is a single mode fibre having periodic refractive index modulation along its core, as seen in figure
1. When a single mode optical fibre is subjected to intense UV radiation, the reflective index of the fibre core rises, creating a fixed
index modulation known as a grating[9]. Since the period of the grating area is approximately half that of the wavelength of the
input light, as shown in equation (2) [1][3][8], the wavelength that is reflected when the FBG is subjected to a particular wavelength
is known as the Bragg's wavelength, or maximum reflectivity.

AB = 2neff/\ @
Fiber core
A Az ... A \
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\
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Figure 1: Schematic diagram of a fiber Bragg grating. [14]

Temperature and strain are the two variables in (1) that are sensitive to variations in the outside environment. These parameters are
the grating period A, the effective index of the core, and the neff. The effective index is affected by temperature variations due to
the thermo-optic effect, whereas the period is affected by thermal expansion of the glass. Hooke's law explains how the elasto-optic
effect and the glass elasticity cause changes in period and effective index, respectively, when strain is applied. The effective index
and period of the grating will move due to strain and temperature variations, changing the overall Bragg wavelength, Ag . Therefore,
equation (3) will be produced by the Bragg condition:

Jg + Ay =2-(n,z +An,.) - (A+AA)
=2(ny - A+nz-AA+A-An g, +An, - AN) o

The last component of the formula can be disregarded since it simply multiplies two little values. After taking (1) into account, we
will have the formula for the change in Bragg wavelength:

Adg =2(n-AN+A-An ) o

If any of the previously mentioned parameters changes, the Bragg wavelength will also change. By contrasting the related Bragg
wavelength shift with the reference, one may identify the alteration.

1. REFLECTION AND TRANSMISSION OF LIGHT IN FIBER BRAGG GRATING
As observed in the above image, the refractive index of the fibre core varies with a period of A. The part of light whose wavelength
coincides with the fiber's wavelength When a broad spectrum light source is discharged into one end of the fibre, the remaining light
will pass through to the other end, and the bragg grating will be reflected back to the input end. This reflection phenomena is
explained in the diagram below.
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Figure 2 : The reflection and Transmission Spectrum of an FBG. [15]

The necessity of momentum conservation in the Bragg grating condition leads to the following equation:

27T Nefr 2

2

A A
o ©)

where Ag is the wavelength of the light reflected by the Bragg grating and ne is the effective refractive index of the fibre core.

The basic principle behind the functioning of fibre Bragg gratings (FBGS) is Fresnel reflection. When two mediums with different
refractive indices come together to allow light to reflect and refract. The fibre Bragg grating will typically show a sinusoidal
variation in refractive index over a specified length. As seen in Figure 3, A\, where dny is the fluctuation in the refractive index and
n is the fraction of power in the core, determines the bandwidth, or the distance in wavelengths between the first minima.
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Figure 3: The graph of Reflected Power versus wavelength of a Fiber Bragg Grating. [14]
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V. WORKING PRINCIPLE OF FIBER BRAGG GRATING
An optical sensor known as an FBG is produced by laterally exposing a single mode fibre core to a strong UV laser light pattern on
a regular basis. The exposure causes the refractive index of the fiber's core to grow gradually, resulting in fixed index modulation
that is referred to as grating (A) period. As seen in the image below, the grating inside the fibre optic core is responsible for
transmitting all other light while reflecting a particular input light wavelength known as the Bragg wavelength (Bragg related to
grating period). The Bragg wavelength is given by the equation.

=2nA
i (7)

An interrogating unit, as shown in the above figure, is used to detect the shift in the reflected Bragg wavelength when a change in
physical characteristics occurs and is determined by equation.

A)\Bragg = [(1 - pe)-8 * (G ¥ C)AT] )‘Bragg -

When p. is the strain-optic coefficient, T is the change in temperature, induced strain, thermal expansion coefficient, and thermo-
optic coefficient are all present. According to the equation above, temperature and strain both affect Bragg shift. P, = 0.22 and
various coefficients are known for silica fibre.

Bragg

V. FBG EQUATIONS FOR STRAIN MEASUREMENT
A sensor's length, or strain, L, varies from its initial length when stress is applied to it. L/L is the equivalent strain over an applied
stress to the fibre. Temperature adjustment is required because thermal expansion causes temperature to affect physical dimensions.
Strain alone cannot be measured with an FBG sensor unless the impact of temperature on wavelength shift calculations is taken into
account. To counterbalance the effect of local temperature on the FBG, this can be achieved by putting a temperature sensor along
it. Therefore, we have subtracted eq. (10) from eq. (9) to yield eq. (5) below in order to measure strain.
Equation gives the wavelength shift proportional to the applied strain.

an,, IA |
A, =2A—L +n — |XAL
Bragg .. 81‘ ,7(” al‘ |

(14)

Al{h’mqg :/1 Bragg (l - p(’ )X g:

(15)
where p is the effective strain-optic constant, denoted as where e is the applied axial strain.

-
/i .
e 5 [/’1: —v(p, + P )]
(16)
where v is the Poisson's ratio and p; and p, are parts of the strain-optic sensor. P; = 0.113, P,= 0.252, VV = 0.16, and N = 1.482 for a
germanosilicate optical fibre. As a result, p has the value 0.22.
Bragg wavelength sensitivity to strain,

AA

A€
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VI. RESULTS AND DISCUSSIONS
In this study, OriginPro software is used to simulate a uniform FBG sensor model in order to acquire the spectrum response. The
parameters utilised in the spectral response simulation are listed in Table 1.

Parameters Symbols Values
Effective index of refraction Norr 1.46
Changes in Grating length L 1-10 mm

Bragg’s wavelength Ag 1550 nm
Variation in index of refraction An 0.0002 -0.0010
Period of Grating A 530 nm
Table 1: List of main Parameters involved in the simulation of FBG
; Br Wavelength, Br Wavelength shift,
s a,11g,3g(io. 10nm§ ag%as(io. 0 1§zm)
0.00 1549.40 0.00
1666.67 1549.60 2.04
3333.33 1549.80 4.08
5000.00 1550.00 6.12
6666.67 1550.20 8.16
8333.33 1550.40 10.21
10000.00 1550.60 12.25
11666.67 1550.80 14.29
13333.33 1551.00 16.34
15000.00 1551.20 18.38
16666.67 1551.40 20.43
18333.33 1551.60 22.47

Table 2: The Bragg wavelength shift with applied strain

A graph of the shift in the Bragg's wavelength against the applied strain is drawn using the estimated values in Table 2 and is
displayed in Figure 2 below.
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Figure 2: The graph of Bragg wavelength shift against the applied strain
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Grating An=0.0002 | An=0.0004 | An=0.0006 | An=0.0008 | An=0.0010
Lemgthi(L)s Reflectivity (R), %

mim

1.0 15.09 44.84 70.50 85.49 93.33
2.0 44.84 85.49 96.95 99.39 99.89
3.0 70.50 96.95 99.73 99.98 100.00
4.0 85.49 99.39 99.98 100.00 100.00
5.0 93.33 99.89 100.00 100.00 100.00
6.0 96.95 99.98 100.00 100.00 100.00
7.0 98.64 100.00 100.00 100.00 100.00
8.0 99.39 100.00 100.00 100.00 100.00
9.0 99.73 100.00 100.00 100.00 100.00
10.0 99.89 100.00 100.00 100.00 100.00

Table 3: Variation of reflectivity (R) with the variation of grating length (L) and changes in index of refraction (n)

Figure 3 shows that when grating length grows, reflectance increases as well. The FBG obtained 100% reflection when the grating
length, L, reached 7 mm and the variations in the index of refraction grew to 0.0004. Additionally, as Table 3 shows, this value
holds true for longer grating lengths and larger fluctuations in the index of refraction.
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Figure 3: The impact in the variation of grating length (L) and refractive index , ranging from 0.0002 to 0.0010 on reflectivity, (R).
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Figure 4: The reflectivity spectrum of a uniform FBG with different value of grating length at constant change inrefractive index
of An =0.0002.

A graph of reflectance against wavelength for different grating lengths is shown in Figure 4. The graph clearly shows that grating
length increases result in increased reflectivity, which is highly desirable for reflection of FBGs.

VII. CONCLUSIONS
In conclusion, the refractive index variation and grating length modifications were used to get the bandwidth and reflectivity
spectrum. Additionally, the FBG's effectiveness as a strain sensor was ascertained. According to the simulation results, reflectance
rises with increasing grating length and refractive index. When the grating length is increased, the bandwidth of FBG drops, and

when the refractive index change is increased, it increases. With OriginPro software, the apodization of the Gaussian profile
technique can be used to suppress the sidelobes of spectral reflectivity.
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