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Abstract

Performance of a modified superstructure fiber Bragg grating is carried out by; simulation using
a Matlab and then by optisystem7. Results for these two simulations are compared with an
experimental investigation for three special FBGs in addition to a standard one. These four
FBGs have one, two, three, and four regions. For each region, Bragg wavelength is increased
around 6nm, with constant spacing between every two regions. Laser reflectance (R) and
transmittance (T) spectra and their corresponding number of peaks and their bandwidths are
observed and analyzed in a constant temperature and strain.

Results for this investigation indicate enhancement for the modified FBG to be an effective
filter that can be employed for communication as well as sense. Filtering the transmitted signals
could be satisfied in a simple and more efficiency than the traditional device.

Keywords: Birefringence; Bragg wavelength; chaotic dynamics; couple mode theory; optical
fiber filter; superstructure fiber Bragg grating.

1. Introduction

Fiber Bragg Grating (FBG) based sensing technique, is a well-known technique, in which a
little and small bandwidth for reflectance spectrum is enough (Singh et a/, 2017). While in the
nonlinear and chaotic dynamics field of study, increased chaotic bandwidth is very necessary
for large data uploading via the generated chaos (Hemed, 2011). Noting that, in the first
application, the T spectrum is considered, while in the second, the R spectrum is used to
optically excite laser instabilities before employing it for encryption. In which optical injection
is another option (Hemed & Abbas, 2020). The latter is based on identical chaos
synchronization with high cross-correlation (Joarder & Omar, 2013) value between the two
constructed chaotic units i.e., units that oscillate identically with higher-order nonlinearity
regimes (Bayat, 2015). In these two applications, FBGs have developed into important
components (Othonos ef al., 1999). According to their specific parameters, FBGs are capable
to classify. In case of their period, FBGs are divided into FBG (ordinary) and long-period
grating (LPG) (Alemohammad, 2018). While in the case of index axial modulation FBGs are
uniform and superstructure. According to its slit’s inclination angle with fiber axis, tilted FBG
is another type. Chirped and sampled FBGs are also more types (Amiri ef al., 2018).
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For all the above types, FBG couples light from the forward to the backward guided modes
furthermore cladding modes. Thus, Bragg reflection construct and many small dips in
transmission at shorter wavelength side of the Bragg wavelength rises. For the LPG, which has
a period of hundreds of micrometers, couples light from the forward guided mode to the
forward cladding (leaky) modes, resulting in attenuation bands in the transmission spectrum.

Another application for commercial investigators has attractively improved FBGs array
spectrometry detection. In this settlement, a broadband light (extended wavelengths) source is
required to illuminate the array, and a spectrum analyser or spectrometer is used to combine
the deflected spectra (Tosi, 2017).

Superstructure FBG (SFBG) is a periodically modulated FBG, which introduces counter
directional guided mode-coupling at a series of regularly separated wavelengths results in a
comb-like reflection spectrum (Eggleton et al., 1994) (Chow et al., 1996). This property of the
SFBG has been fully analyzed using the coupled-mode theory (Raphael et al., 1997). Recently,
Bo Pang et al. (Panga et al., 2020) modified the coupled-mode equation of superimposed
coated LPG for which many applications have been demonstrated including surrounding
refractive index and temperature measurements. Some examples of the applications of SFBG
are comb filters for constructing tunable distributed Bragg reflector (DBR) fiber lasers (Ibsen
et al., 1995) and multi-wavelength fiber lasers (Chow et al., 1996); multi-channel dispersion
compensator in wavelength-division-multiplexing (WDM) systems Zhang ef al., (2002). Due
to their property of low young’s modulus, polymer optical FBGs meets a lot of attention over
the last two decades for sensing applications. These applications include; strain, temperature,
the potential of Hydrogen (PH) for water or health conditions and measuring relative humidity
(Woyessa et al., 2020); stress-induced Birefringence (Hemed, 2005), and controlling chaotic
anti-synchronization via FBG sensor (Hemed et al., 2021).

It is worth noting that the key advantage of SFBG, when used as a sensor, is that it possesses
both the characteristics of FBG and LPG in a single optical fiber (Sengupta et al., 2016).
Photolithography is described for design a refractive index FBG in photo-sensitive fiber by
using a special phase mask grating made of SiO> glass (Hill ez a/., 1993). This method is based
on an ultraviolet (UV) laser source. Several laser sources can be used, depending on the
following: type of fiber used for the grating, type of grating, and intended application.
However, restraining a fiber during grating fabrication alters the FBG wavelength in the
relaxed state. It is also possible to multiplex several gratings in the same location to form more
type gratings (Kashyap, 2009).

It should be noted that the Bragg wavelengths of all multiplexed gratings written at the same
location shift to longer wavelengths as each grating are superimposed. The shift in the
wavelength of the gratings is dependent on the overall change in the index of modulation,
resulting in a change in the period averaged n,; of the mode in the fiber. A shift of AAg in the

Bragg wavelength Ag, 444, as the UV induces change dn increases, can be given as:
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nén
Neff

Adp = 2p (1)

Where n < 1, is the overlap of the guided mode and the distribution of the refractive index
modulation. Thus, when a grating is superimposed on an already-written grating, both gratings
move to longer Bragg wavelengths (Hill et al., 1978).

Light propagating through the core of the fiber would, because of these periodic
perturbations, be back-reflected along with the core at a Bragg wavelength, Az with a certain
line width. The Bragg wavelength would depend on the period (A) of the perturbations and
effective index (n.sf) of the optical fiber.

SFBGs are special FBGs that have periodic index modulations distributed across a segment
of fiber in the fiber core. This is effectively a secondary index profile modulation in a length
of uniform FBG with a much longer pitch than the Bragg grating itself. The reflectivity
characteristics of such structures are predicted to present reflectance peaks from each spatial
Fourier component of the index perturbation.

The constant periodic SFBG includes a series of grating then non-grating segments with
equal lengths. The grating segments act as normal FBG and result in several reflectance
spectrum peaks in the side of reflectance (deflection) (Sengupta, 2015). These peaks are located
at different frequencies with different reflectivity and other higher-order Fourier components
(Eggleton et al., 1994). Hence, despite being a single grating, the effect of an SFBG is similar
to several smaller FBGs placed close to each other. From on hand, operating by laser diode,
FBGs (or SFBGs), themselves are not sensitive to perturbations in ambient refractive index
(RI) unless they are inscribed in an etched or a tapered fiber (Eggleton et al., 1994). On the
other hand, for higher power lasers, amplified spontaneous emission and thermal effect
management is a major challenge in high-power solid-state lasers oscillator and amplifier
design (Cheng et al., 2018).

The spectral profile of a pulse passing within a traditional (one region) Bragg grating, as
mentioned earlier, can be obtained from the modes and reversed modes interplay based on
coupled equations starting from the nonlinear Schrodinger equation (NLSE) for signal
propagating inside the optical fibre i.e.

ou” 1 0o (z .

5z " [" —Z A (f,g) u*exp™l8fz00l = 0 3)
ou~ 1 dp(z )

5z T [" T F ‘g—()l wexpltfedBl = 0 )

Where, k is the coefficient of coupling between incoming (u~) and outgoing (u*) two modes
that passing through one region FBG, Af is the phase mismatching, which is given as;Aff =
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(w— WB).ne—Cff, nesr s core effective index, C speed of light at Bragg wavelength given by

equation (2), in calibrating with which one can determine Bragg frequency,wg = C /N zr A,
and @ is the grid period chirp and it vanishes for the uniform FBG, (Filho et al., 2019).

According to the weak coupling coefficient limit, the grating reflectivity can be
approximated as the Fourier transform which depends on both coupling coefficient distribution
along the grating and the detuning. As a result of Every Fourier component contribution,
reflectivity peak is constructed in the reflection spectrum of the SFBG, and the wavelength
spacing of the Bragg peaks is given by:

A

A =——
2ni

(5)

Where, 45 is Bragg wavelength and A is the period of low-frequency envelope (Jinsong et al.,
2004).

2. Experimental set up

This work is mainly divided into two parts, theory as a simulation (OptiSystem 7) and
experimental part. Both two parts are configured for calculating the following parameters:
characteristics of reflected and transmitted spectra. These characteristics are based on full width
at half maxima (FWHM) (pulse duration) and center wavelength drawn from OSA and number
of peaks drawn from radio frequency spectrum analyzer (RFSA), both observations were
carried out separately from reflected then transmitted signals. Grating’s variables including
length of grating, the period of the grating, and effective refractive index, are presented in Table
(1). Change in the number of regions of the grating is the main factor affecting this study. This
investigation was repeated both theoretically (by simulation) and experimentally in the
laboratory.

2.1 Simulation part

Excluding the effect of both temperature and stress-induced birefringence, several
configurations (shown in Figure 1) were investigated, with all considered parameters are
included in Table 1. The first one (Figure 1A) is a uniform one region FBG sensor, subjected
to 1550nm wavelength light. Both deflected and transmitted signals were observed by an all-
optical spectrum analyzer (OSA), RF spectrum analyzer (RFSA) and, oscilloscope (DSO).
FBG parameters are given in Table 1. The light source is chosen to be the same for all
simulation configurations (and experiments as well). For all cases Figure 1(ABC) light is
directed from LD is passing through a frequency modulator (FM) for external modulation,
which is mixing with external frequency signal. Light that emerges from the modulator is going
to be split into two directions. One of them (10%) is for sampling, while the remaining (90%)
is for the FBG investigation purpose. Deflected light from the standard FBG goes to another
detection. The same action, with additional detection, is carried out for the transmitted light.
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The same procedure is followed with the remaining superstructure FBGs, i.e., both filtered
and deflected signals observed by; OSA, RFSA, DSO. The difference, in this case, is with the
deflected parts combination. Where we have more than one deflection (three in the three
regions FBG and four in the four regions FBG).

This simulation is carried out in parallel to a mat lab program considering the solution of
mode-coupling theory (MCT). In which the grating (condition) equation for index perturbation
(nefr) of the optical fiber guided mode is given in equation (2). The program code of FWHM
was modified from reference; (Mohammed et al., 2018).

2.2 Experimental part

As shown in figures 2 A, B, C, three setups were considered in this work. To calculating
the effect of grating regions number on the efficient of FBG optical power meter is used as
well as the OSA amplitude counts level measurements for detected light. Standard FBG and
two types of modified SFBG were designated. The first has three regions and the second has
four. Parameters for all those FBGs (with three and four grating regions) are given in Table 2.
CW laser diode (LD) model: (SAT-3E05) is used as a light source. Optical fiber for these FBGs
was manufactured from acrylate- single mode for standard FBG, and acrylate (SMF-28e) for
SFBG.

Table 1. Parameters (for experimental and simulation) for the investigated SFBG.

Effective refractive index( nq¢f) 1.444
Uniform FBG: 1539.185 nm
SFBG (Three grating regions):

1530.398nm
1536.478nm
Bragg wavelength (Ag) 1542 169nm
[manufactured specially] o .
SFBG (Four grating regions):
ID: 180119-02 180119-03.

80119-02 and 180119-03 1530.3360m
1536.506nm
1542.289nm
1548.045nm

Index difference. between core and 0.0036
cladding (An)

Radius of core (a) 4.1 pm

Number of grating regions in FBG (N) 1.2.3.4
[Designed and manufactured FBG] T
Grating lengths (L) 10mm

(Mohammed et al. 2018)
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Fig. 1. Simulation diagram for deflected and transmitted laser spectra vis FBG;
(A) Standard one region, (B) Three regions, and (C) four regions.2

Table 2. Details for the experimental modified SFBG sensor.

Reflectivity
(%)

Bandwidth
(nm)

Peak reflectance Wavelength
(nm)

Number of
regions

94.25
98.91
99.67
99.55
99.06
99.51
99.58
99.61

0.176
0.237
0.285
0.308
0.242
0.275
0.312
0.311

1539.185
1530.398
1536.478
1542.169
1530.336
1536.506
1542.289
1548.045

One region

Three regions

Four regions
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Fig. 2. FBG measurements experimental setup. (A) standard, (B) Three regions.

It is worth mentioning that the specifications of the SFBG sensor were determined

theoretically then sent to the manufacturer according to the specifications that satisfy the
desired application for the study.
Figure 2 shows configuration setups for direct transmitted power measurement; (A) standard,
(B) Three regions (four regions are the same as part (B)), FBGs, respectively. Figure (3) shows
the setup for reflected spectrum observation. Conditions with which the experiment was run,
laser operating temperature was roughly constant at (25°C)
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Fig. 3. Experimental set ups for measuring; (a) laser power, (b) spectrum, (c¢) FBG
transmitted power, and, (d) FBG transmitted spectrum.

and the length of the grating was constant according to Table (1), keeping FBG temperature
and stress unchanged. The only parameter that changed was the number of the grating regions.
Direct measure for input and output optical power incident and passing via the FBG is done by
using the optical power meter. Laser source output power reads (-6.2dBm). Efficiency
calculation follows the relation (Singh et al., 2017):

n(%) = ’;—Z X 100 % (6)

Where; p,,; s the output power, p;, is the input power.

Power unit’s transformation from dBm to Watt follows the relation (Chapra, 2012)
dBm

mwW = 1010



Modified superstructure fiber Bragg grating for a filter application

O @ 0c(2x1) FBG

Fig. 4. Setup for reflected spectrum observation

The other method for calculating the efficiency is calibrating is by considering the spectrum
counts scale for the AvaSpec (software version 8) input and output spectrum. The deflected
spectra of the FBG sensors were determined experimentally by the setup which is shown in
Figure (4). The same Figure can be used to observe the transmitted spectrum i.e., the laser
source is connected into the beam isolator (BI) input, (to prevent laser emission from generated
instabilities due to optical feedback (back-reflected power) which may destroy the laser
spectrum). The signal is then sent into one arm of a 2 X 1 50:50 fiber optical coupler (OC) such
that one of these ports injects the laser optical power into the FBG input, and the other receives
the back-reflected beam. After passing via the FBG, optical power will transmit to the OSA.

All considered types of FBG that are considered in this work are connected separately as in
Figure 3 to study their spectra.

Using the uniform superstructure FBG in optical communications is an interesting approach.
In which the transmitted signals could be filtered. This is possible by locating it within a fiber
transmission line to reject specific wavelengths. (Zhao, 2001), this technique is called active
filtering. The deflected part of the signal is also can be used to introduce instability to the laser
to generate the coherence collapse. Another type depends on the ability to fine-tuning the filter
mentioned by Campanella ef al., (2018).

Several configurations setups were investigated for both transmitted and reflected spectrum
to check the best filtering efficiency from them with considering the efficiency.

3. Results and Discussion

In addition to the Matlab program simulation, OptiSystem 7 was also employed to calculate
SFBG (3 and 4 grating regions) parameters for the estimated reflectance spectrum; this is to
include the MCT. Standard device datasheet parameters were also included in those two
simulation methods. Additional grating variables, which are length of the grating regions,
grating period, and (n.rs) were adopted from reference mentioned in Table (1). Although an
FBG spectrum has several contributions, such asAdg, bandwidth, reflected (and transmitted)
intensity, etc. Measuring these attributes with a high-resolution requires special instruments
such as high-resolution OSA. In industrial applications, a tunable filter is frequently used for
FBG response and the Ap is the sensing parameter that can be obtained properly. Since the Ap
is sensitive to temperature and strain changes, it is impossible to differentiate the effects of
temperature and strain using it alone, which is the main challenge in such studies. Currently,



Ayser A. Hemed, Mayyada M. Fdhala, Suha M. Khorsheed

this study focuses on calculations with a constant temperature and stress, i.e. photosensitivity
is excluded temporally to be able to design the modified FBG.

Figure (4) shows reflected spectrum calculations for SFBG with three grating regions that
have the following Bragg wavelengths; (upper Figure part) Ay, Ag,, Ag3 =1530.398, 1536.478
and 1542.169nm, respectively, and for the four grating regions; (lower Figure part)
Ag1, A2, A3, Ags =1530.336, 1536.506, 1542.289 and 1548.045nm. For the three regions,
FBG resulted in reflection wavelength spacing is about 6.5nm between the green and red, and
6 nm between the red and blue. Similarly, for the four regions FBG, it equals, 6.5, 4, 4, and
3.5nm, respectively. These results agree with (Alemohammad, 2018) except value No.1.
Another observation for these deflected peaks is that they are equal in intensity. This is not
possible, but if we consider the small scale (around the inverse thousand) we can have

Understood that they are near equals. Addition to that, these peaks resulted from forward
and backward interacting modes which may give them a creative linear interference gain.
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Fig. 5. Reflection spectra for Matlab simulation part. (A) 3 and (B) 4 regions

Reflectivity for the wavelength for different values of grating regions assuming that neg =
1.444 and L = 1 cm. A appears a sharp peak reflected from grating regions. These peaks satisty
Bragg condition equation (2). Bragg wavelength and bandwidth are both increased with
increasing of grating regions for SFBG as shown in Table (3). According to these results, the
FWHM value increases linearly with increasing of Bragg wavelength for each new FBG
region. The power efficiency of the spectrum of transmitted FBG sensors for SFBG sensor
calculated by using equation (6). Experimentally, measured laser transmitted spectrum
parameters relative to SFBG are given in Table (4). Results peak wavelengths, output power,
intensity, the efficiency of power, and the bandwidth (FWHM) for observation of SFBG with



Modified superstructure fiber Bragg grating for a filter application

four grating regions. As shown in this Figure, there exists a non-negligible broadening in peaks
of the optical spectra for experimental results. This broadening can be represented as a
wavelength variation with the axial position of grating i.e. (dA/dz). The last value varies for
each reflection and varies than transmitted signals all concerning to the incident signal.
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Fig. 6. Experimental results for; (A) transmission, (B) mixed transmitted and reflected, and
(C) pure reflected signal into FBGs with number of regions mentioned inside the Figure
separately.

Noting that according to theoretical background based on linear (on random) chirped
gratings treatment of mode lock theory, the value of (d1/dz) can take a positive or negative
value. This broadening can be also considered as a right (or left) shift from designated Bragg
wavelength to an experimentally measured spectrum. Practically, this shift is interpreted as a
time delay in this signal after hitting or passing via FBG and can be determined by the product
of the wavelength spacing and the dispersion introduced by the FBG medium. In association
with this measured wavelength, degradation in signal is also observed as a result of mode
interactions during pass or deflection between different existing modes.

According to Bragg wavelength given in Tables 3, 4, 5 one can found that these SFBGs may
also consider as chirped Bragg gratings. In which the period of a grating varies linearly with
fiber axial position. This means that grating reflects different wavelengths at different points
along this length. In the case of chirped Bragg gratings, signals can be modeled by the coupled-
mode theory. The refractive index for such gratings can be expressed as a function of x,y,z

10
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fiber coordinate components, such that the original index is n(x,y,z) must be added to the
perturbed index change, which is now a function to cosine function. The cosine term should
contain both instantaneous Bragg wavelength and phase of the chirped grating. Noting that the

linear chirp is easier to solve than the arbitrary chirp.

Table 3. FWHM simulation of different grating regions number of FBGs.

numl.)er of Bragg FWHM
regions wavelength (nm)
for FBGs (nm)
1530.398 0.214
SFBG
(three regions) 1536.478 0.255
1542.169 0.305
1530.336 0.234
SFBG 1536.506 0.256
(four regions)  1542.289 0.308
1548.045 0.314

Results indicate that the deflection is shifted toward the longer wavelengths. Part of the light
that satisfies Bragg condition reflected from the grating, while wavelengths grater is not,
instead transmit, so when there exists more than one grating regions, with different conditions,

different effective refractive index n.rr will exist as well, i.e. more wavelengths will reflect

instead of a unique one. Therefore, experimentally spectral analysis shows effective refractive

index n, gy will exist.

Table 4. The transmitted spectrum parameters relative to SFBG

. Output . Peak
. Efficiency of FWHM Intensity
Fiber Type Power (%) Power (nm) (Counts) Wavelength
0 (dBm) A, (nm)

Single mode fiber 95.50 -6.4 100.141  66350.0 1496.847

SFBG. 72.76 -7.78 48.88 67292.52 1547.014
(Three regions)

SFBG 56.35 -8.89 24.83 66667.59 1536.317
(Four regions)

11
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Table 5. The reflected spectrum parameters relative to SFBG.

Bragg . .
Fiber Type Wavelength Igt:::lslig FXI}HI;VI (Ilifei;llzzin)c({ %)
Ag(nm) YR
SFBG3 1527.02 Zzggggg 99.31
(three grating 1534.89 67924.79 24.88 97.98
regions) 1542.03 ’ 97.05
66363.47
SFBG4 1530.24 65597.18 99.54
) 1536.67 98.40
(four grating 64993.87 27.29
regions) 1542.74 68015.33 97.49
g 1545.59 ' 97.63

As well, i.e., more wavelengths will reflect instead of a unique one. Therefore, experimentally
spectral analysis shows more than one peak i.e., linear dependence with grating number of
regions. SFBG with three grating regions and four regions gives more reflected wavelengths
that can be used in different applications such as sensing and communications which can send
more data.

Table (5) shows that Bragg wavelength which is measured if compared with wavelengths
of datasheets for the used FBG listed in Table (2), with peaks close to each other. Bandwidth
is also increased for reflected spectrum for different region number grating regions.

Including MC between the forward core mode and backward core mode and the core mode
to both forward-propagating and backward-propagating cladding modes of first azimuthal
order (fundamental lasing mode). Circular symmetric cladding modes of odd order have a
similar electric field with core mode, then have large overlapping integrals. Then, the coupling
between them would be more probability efficient and should be taken into account in the
calculations. To formulate the transmission characteristics of SFBG, a matrix of an FBG
section must be formulated with that of a non-grating or phase shift section for a specific
cladding mode.

Measured power intensity efficiency shows decreased value compared with the transmitted
spectrum of SFBG sensors.

The laser spectrum which is used has wide bandwidth (100.141nm) for length (1450-1600)
nm around 1550nm. The bandwidth decreases in transmitted and reflected for SFBG that is due
to internal built-in FBG sensor multi regions. This result indicates a higher passband in
comparison with our earlier results in ref. (Fdhala et al., 2020), in which measurements were
based on a standard FBG with one grating regions.

On one hand, if we consider the experimental study carried out by ref. (Khorsheed et al.,
2019), with the present results, it is worth mentioning that increasing the FBG regions gives
rise to filtering process efficiency in cost of efficiency lowering. This lead to the ability of such

12



Ayser A. Hemed, Mayyada M. Fdhala, Suha M. Khorsheed

a filter to stimulate a rich laser diode chaotic dynamics associated with the optical feedback
and injection, such as that published in the reference (Hemed et al., 2020). Where such a
technique gives the facility to operate the laser in multi-stability states and this will give it more
and more tune-ability for different applications with the same laser device. Additionally, its
capacity to select each one (or both) from the back-reflected optical power and then redirect its
radio frequency as a current to be re-injected into the laser bias. This possibility represents a
modified self-electro optic effect device (SEED) laser. While insertion of the later current is
another possibility with the existence of an electro-optic modulator, such as that mentioned in
refs. (Macrae et al., 2020; Leng et al., 2004).
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Fig. 7. Optical spectra for incident, deflected and transmitted signals, 3 regions FBG.

Simulation for optical spectra results shown in Figure 5 for reflected spectrum shows weaker
pulse due to matching between laser operating center wavelength and regions Bragg
wavelengths variation. In case of modulation, D.C. level increased, then these spectra become
higher intensity than without modulation, as shown in Figure 6.
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Fig. 8. Optical spectra associated with 100MHz modulation in a standard FBG.
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Fig. 9. RF spectra associated with 100GHz modulation in a standard FBG.
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For the same simulation measure, the RF spectra is shown in Figure 7. The program measured
no of peaks above 0dBm are: 22, 17, 22, 19, 33, 28.

Simulation result for optical spectra to the case of three grating regions FBG with
modulation of 100GHz gives the optical spectra shown in Figure 8.
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Fig. 10. Optical spectra for standard 3 regions FBG with 100 GHz modulation

For the case of four regions FBG, optical and RF spectra is shown in Figures 9 and 10.

Three regions FBG
tion

gt o2
Dark groen Deflected 5
/ Light |20
/ Dark bue: Combined defection _
A £
/ ]
/ =
/ p
Vi o
a7 F H
S / /|
/] / / a
/] / //
V657
VL
/ 100
"1 ‘ | ‘ J( y, Power
/ |
% R (. B di e e Jr\,*/, ower
I | v / «»‘Q
/ 7 | / Power Q0
" L &
&
Power &
8
Pover
A A
| il VY| Pow
1.548 1.549 1.551 1.552

1 5‘50
Wavelength (um)

Fig. 11. Optical spectra associated with deflection, for each region separately with
modulation in 3 regions FBG.
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Fig. 12. RF spectra associated with incident, deflected and transmitted signals for 4 regions
FBG.

As shown in Figure (9), overall reflected peak wavelength is 1.54836nm (-141.00dBm) which
is a combination from two separately wavelengths; 1.54921nm (-83.71dBm) and 1.54950nm
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(-69.58dBm). The loss makes reflected peak amplitude to be more attenuated comparable to
source, and transmitted peaks. This is due to coupling between the forward core mode and
forward cladding mode that gives rise to attenuation. Addition to that, the majority of light in
principle transmits the FBG, this makes the red spectrum has a higher peak amplitude than the
reflected one.

4. Conclusions

The observed bandwidth for the reflected spectrum for the four grating regions is wider than
that observed with the three grating regions. The behavior of the signal is affected by several
parameters, such as negative and positive dispersion, forward and backward modes during
multiple reflections in each FBG region. Variation of Bragg wavelength for each region inside
the same device makes modes interplay more complicated than that given in MCT.
Mismatching between simulation and experimental results is ascribable to many factors, such
as considering the laser source an ideal emitter in simulation versus experiment, the FBG
medium maybe impure, which gives rise to different types of dispersion effects to work.
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