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Abstract

In this research paper, performance analysis of different modelling characteristics using Long Period Fiber Grating (LPFG) is
performed. Different parameters such as cladding effective index, core effective index, coupled mode theory, coupling coefficient and
transmission spectrum of Long period Fiber grating are calculated and analyzed. The Proposed modeling aspects based on Triple layer
geometry is compared with the existing double layer modelling of LPFG. The double layer geometry is very simple, but suffers from the
weakly guided approximation whereas this triple layer geometry is very complicated and problematic but very accurate results are
obtained for hypothetical understanding of Long Period Fiber Grating. All the results obtained are simulated using MATLAB.

Keywords—Triple Layer Geometry,Three layer geometry, Two layer geometry, Long Period Fiber Grating, Coupling coefficient,
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. INTRODUCTION

In optical communication and sensing systems, optical devices like Long period Fiber Grating (LPFG) are found to possess
various applications. Fiber gratings are designed by crafting a part of periodically varied refractive index among the core of
associate optical fiber. Fiber gratings are classified as Fiber Bragg Grating (FBG) or LPFG based mostly upon the grating
amount. LPFG’s have grating period within the vary of one hundred micros to one millimeter whereas FBG’s have sub-micro
period. Vengsarkar et. al. [1] in 1995 developed a LPFG as a band rejection optical filter. during this LPFG stimulates the
coupling between the assorted propagation modes as LPy; mode accessible within the core and LPOm (where m=1, 2, 3, ...)
because the co-propagation facing modes within the rattled region as delineated within the Fig. 1. Therefore, the transmission
spectrum that is created, include series of attenuation bands at varied separate resonant wavelengths.
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Fig. 1. Coupling of primary guided mode to cladding mode in LPFG.

The equation and condition used to match phase between the fundamental guided core more and other different forward co-
propagation cladding modes in LPFG is illustrated as under [1].

Ares = (neff,co - ng}f,cl (’D)A 1)

In this resonant wavelength is represented as ., and effective refractive index is denoted as Neg o, Where as n;’}f,cl is the
effective refractive index of m™ cladding mode. The grating period of the fiber is denoted as ‘A’.

As an application point of view LPFG devices are used for various purposes in optical communication systems such as
band stop filters [1], refractive index sensors [3] and temperature and strain sensors [2]. The sensors designed using this LPFG
have numerous advantages over the traditional conventional sensors. Even these sensors are very light and relatively small in
size as compared to other sensors, still they have very good sensitivity, free from corrosion attack [4] and electromagnetic
interferences [5] but at the same time great long-term stability[6].
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In the most straightforward terms, the recreation technique happens as pursues. Initially the propagation constant of
theessential core and cladding modes are determined to decide the viable refractive indices of the core and cladding modes.
Secondly, at that point the coupling coefficient is obtained for coupling between explicit modes.Lastly the total transmission
range is analyzed utilizing coupled-mode hypothesis.

Il. DOUBLE LAYER GEOMETRY AND TRIPLE LAYER GEOMETRY

Going through an intense literature shows that there are two distinctive methodologies exist for hypothetically displaying of
LPFG transmission spectrum. the primary methodology is planned by Vengsarkar et. al. [1], who delineated the new
development of LPFG and the second, planned by Erdogan et. al. [7], uncovered the inaccuracies and deficiencies of the first
technique. They consequently giving a invigorated, actual strategy nevertheless brings concerning extraordinary numerical
complexness. The principle distinction between these two methodologies lies in their portrayal of the fiber pure mathematics,
that is finally depended upon to see separate articulations for the scattering relations, mode field profiles, and coupling
coefficients. whereas the two ways utilize the weakly guided approximation to find the effective refractive index of the basic
core mode. both the higher than mentioned methodologies contradict in terms of the way by that the cladding effective mode
index are determined [7]. In this paper the weakly guided approximation is taken into account as low A fibers [7], in which: -

Nco—MNcl

‘A’ is referred as the normalized core-cladding index difference. the above presumption permits easier arrangement of the
trademark conditions, which approximates the accurate solutions [9]. Though, Erdogan et. al. [7] utilizes three-layer geometry
having definite vector-field portrayals for the figuring of cladding modes. In this technique, the impact of the center is being
fused when figuring the effective modalindex of the cladding. There are very few research papers who discussed LPFG
modelling by using three-layer geometry because this technique has higher complexity, but in this paper, efforts have been
made to explain step by step the complete description of how three-layer geometry is used for theoretically modelling of LPFG
to get better results. This paper islimited to those equations which are helpful and used for modelling of LPFG in triple layer
geometry to save excessive mathematical complexity.

I1l. NUMERICAL ANALYSIS FOR CORE EFFECTIVE INDEX

The core mode of propagation is found from Linearly Polarized mode scattering relation inthe form of an Eigen value
condition. In this methodology the internal chamber is comprised of core and external chamber made up of boundless and
uniform cladding [8].

Uco (M) = Weo (Kl(WCO)) 3

Jo(Uco) Ko(Weo)

In the above equation J,(u.,) and J; (u.,) are the Bessel functions of the kind1® and order zero and one respectively.
Whereas, K,(w,,) and K, (w,,) indicates the modified Bessel function of the kind 2" and order zero and one respectively. In
the above equation u,., and w,, are considered as the normalized transverse wave numbers, which can be expressed in the
terms of optical fiber’s V-number. The inter-relationship between w,, and u,, is expressed as follows:

Wczo + u?o =V? 4)
By using the graphical method of the above mathematical expression, the intersection points and the corresponding value of

U, can be obtained.
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Fig. 2. Graphical representation of numerical analysis of core mode.

Neff = Beo (6)
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where ‘b’ is the normalized effective index and is used later, and f= 7“ " is the free space propagation constant ‘b’ is further
expressed as:
nZg—n3
b=-="— (7
where, ng < ngg < N, and ag, is the core radius, n, is thecore refractive index and ng is the cladding refractive index.

IV. DOUBLE LAYER GEOMETRY AND TRIPLE LAYER GEOMETRY

Utilizing two-layer geometry, weakly guided estimate that ‘A’ is extremely little, so mistakes of this strategy are rectified
by utilizing triple-layer geometry. In this strategy core cladding interface isn't disregarded, and the necessary scattering
connection for different cladding mode is given as follows [7]:

% =Go (8)
Where:

=
o2
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Where o, = j (%)and 6, = j(VnesZo) and
0

w = () (2, —n) 1)

U = \/ (2711)2 (nf —nZy) (12)

W3 = \/(27“)2 (nﬁff - ntzext) (13)

1 1
Uz =7~z (14)

1 1

Uz = —+— (15)

W3 uy

In all of above conditions,Z, = /“0/50 = 3770 is the free space electromagnetic impedance ‘N’ is characterized as a

Bessel capacity of the second kind or the Neumann function, and the azimuthal order of the cladding mode is set to v=1 all
together for non-zero coupling to happen with the circularly symmetric core mode. This methodology permits direct
computation of the cladding modes effective indices of refraction by methods for deciding the crossing point focuses in the
graphical portrayal of the scattering connection given in condition (8) and appeared in Fig. 3 below.
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Fig. 3. Graphical representation of numerical analysis of cladding mode’s effective indices using Triple-Layer geometry.

V. COUPLING COEFFICIENT OF CORE MODE AND DIFFERENT CLADDING MODES

Fiber gratings are etched to border an intermittent refractive index profile within the core of an optical fiber. This causes
an perturbation within the effective mode index of the chief guiding modes, given once all is claimed generally expression as
bellow [10].

Neo(Z) = Ngg {1 +0(z) [1 + xcos (ZXH z)]} (16)

Heren,, is the unperturbed core refractive index; ‘A’ is the period of the grating, X’ is the fringevisibility of the index
change, where 0 <x<:1, and o (z)is the gradually shifting envelope of the grating. Equation (22) can be written as:

Neo(Z) = Ngy + Ney0(2) [1 + xcos (ZXH Z)] an

This adjustment reveals that the peak induced index change at any ‘z’ is given as n., o(z)[1 + x] when cos(Z"/A z) is

equivalent to 1 and least inducedindex change at any ‘Z’ is given as n., o(z)[1 — x] when cos(Z”/A) z is equivalent to -1.
Where n., a(z) depicts the profile of dc induced index change, taking average over the grating period.

In this perturbed area, core mode couple capacity to different co-propagating cladding modes LPg,,. Erdogan [7] utilizes
careful field dispersions in LPFG displaying and in this manner coupling coefficient between core mode LPy; and different
cladding modes LPg, is given underneath [7]:

1
> 2
Kt (@) = o (5 Tmms) * ity x (14 ) iy [ o) 2~ W (uya0) | 28)

aco

Peak induced index change is taken as n., o(z) = 0.5 x 10~*. The main obscure amount in above expression (24) is
standardization constant E£.,. Calculation can be performed for the standardization constant E£,, when, we decide the mode
effective index by determining that every mode convey a power intensity of 1W. At the point when the vital is set equivalent
to 1 W, as in Equation (25), the main obscure in the subsequent condition is the ideal standardization constant [7].

P=Re [ "dp f, rdr(E{HS" — HE'EG) = 1w (19)

The integral along the radial direction can be broken into three parts, First, segment is the investigation of cladding modes
vector segments in the fiber center ‘r < a., ’and cladding mode control in this district of activity is taken as P;.
Second,segment is the investigation of cladding modes vector segments in the fiber cladding area ‘a.,, <r < a,’ and
cladding mode control in this locale of activity is taken as P,. Third, segment is the investigation of cladding modes vector
segments in the encompassing district ‘r > a,;” and cladding mode power in this locale of activity is taken as Ps.

The overall power conveyed by the cladding mode is the aggregate of the forces conveyed in the center, the cladding, and
the encompass area, or

p=p, +p; +p3; =1Watts (20)
Where P1, P2, P3 can be determined by methods for the necessary in Equation (19) yet with the cutoff points along the

radial direction replaced by those proper for the locale of interest. Th complex mathematical calculate is not considered in
this paper, but the end equation for this calculation is given beneath [7].

2 2 x: 2 . 7o
Pl,coeff = el {[M - neffzzo o+ (1 + ﬁ) [lm(io)][ﬁ(u@co) - ]1(ulaco)]3(ulaco)] + nZL;f - neff% - (1 + zif)
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2
P, = (Eflm) 1:)2,coeff (24)

m3aZgaZutud?(usace) Neffz n n2 .
l:)3,coeff = g2 1 t0 X ez 2 G% - ZLOffF?Z, - (1 + ﬁ)FSIm(GB) X [K%(WSacl)_Kl(W3acl)K3(W3acl)] +

16W3K% (w3ac) Nsurr
€ Z € 2 :
[ 2622 G — 203 4 (1 4+ 280) Fyim (G| X [K3waae) —~ Kewoa)l]  (29)
2
l:’3 = (Eflm) P3,Coeff (26)

Adding equations (28), (30) and (32), we get:

2
Pl + PZ + P3 = (Eflm) [Pl,coeff + PZ,Coeff + P3,coeff] (27)
Total Power is equal to 1 watt as given in Equation (20), soby substituting this calculated result in equation (27) we can write

the Equation as:

1 1
B = 7 (28)

1,coeff+p2,coeff+P3,c0eff

The various unknown quantities used in power calculations coefficients (Py coefe, P2 coefr& Pz coefr) are expressed below:Q =
O)NZ (Uzaco) + BJZ (Upaco) = 20in)1(Uz 3co) Ny (Uace)  (29)
Q = 61N (upaco) + By)Z (Uzac0) = 2By)1 (Uz2co)N1 (Uzac0) (30)
R =56 [N2(Uz3c0) = No(Uzac)]? + 7012 (Upace) = Jo (Uzace)]? = 5 B[Nz (Upaco) = No(Upace)] X [J2(Uzaco) -
Jo(Uzaco)] (31)
R = 0[N (Up2c0) = No(Uzaco)? + 2812 (Uzace) — Jo(Uzace)]? =5 B[N (Upaco) = No(Upace)] X [J2(Upaco) -
Jo(uzaco)] (32)
S = 20N, (Up20) [No (Uzac0) = No(Uzaco)] + 5 OnJ1 (Uzac0) o (Ua2co) = J2 (Uzco)] — 5 BN (Uzaco) o (Uraco) —
Jo(Uz2eo)] + J1 (W) [No (Uzaco) — N (Uzace)]}  (33)
S = 2 B)N1 (Uzac0) [No (uaco) — No(uzaco)] + 5 OnJ1 (Uzac) o (Uzaco) = J2(Uzaco)] = 3 Oy IN: (uzaco) o (Uzaco)
Jo(Uzaco)] + J1 (W) [N (Wzaco) — N (Uzace)]}  (34)
0 = ad I3 (uzac) — J1 (Wzac)Ja (Wac)] — a2 3 (o) — J1 (Upaco)Ja (U22c0)1(35)
Oy = ag[NZ(uzaq) — Ny (uzac)N3 (Uzac)] — a2 [N3 (Uzace) = Ny (Uuzaco)Na(Upaco)]  (36)

Oy = a2 {1 (U2ac)N; (Uza0) — 3 11 (uzac)Ns (wac)] + Da(upac)Ny (Wpa)l} = &% {J2(0z2c0)N; (Uzac0) -

301 0aco)Ns (122c0)] + s (naco)Ns (wzac0)]}  (37)

6 = ad i3 (upaa) + 17 (upae)] — aZ[3 (Wpaco) + 1% (upaco)] (38)
By = aZ[N3 (uzaq) + N2 (uzac)] — %[N (Waco) + N2 (wzaco)]  (39)

9]—N = a%l Jo(uzac)No(uzag)+]i (uzac)Ny (uzaq)] — ago{lo (uzace)Ng(uzace)+]; (Uzage)Ny (Uzac,)} (40)
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When the coupling coefficients have been resolved to portray the exchange of optical power from the core mode to each
of the possible cladding mode designs, the LPFG's transmission range can be straightforwardly obtained.

VI. SIMULATION RESULTS OF TRANSMISSION SPECTRUM

There are a few unique strategies for computing transmission range, for example, fundamental strategy, Transfer matrix
method and Equation method. The point by point correlations between these strategies are given in [11]. In the precision,
multifaceted nature of each technique is simulated and obtained. In this paper we pick necessary technique as it give the
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Fig. 4. Simulated Transmission Spectrum for LPFG.

VII. SIMULATION RESULTS OF TRANSMISSION SPECTRUM

In this paper we have hypothetically demonstrated Long Period Fiber Grating (LPFG) using Triple layer geometry.
Moreover, discussion is made about the deficiencies of modelling employed using Two-Layer geometry. Finally, simulation
results and numerical analysis is performed and found that Triple-Layer geometry is the most refreshed, exact strategy for
hypothetically modelling Long Period Fiber Gratingat the expense of increased numerical complexity nature when contrasted
with demonstrating utilizing two-layer geometry.
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