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ABSTRACT

This paper presents thesimulation of an optical fiber Bragg grating for
maximum reflectivity, minimum sidelobe. Thereflection spectra, sidelobes
strength and bandwidth were simulated with different lengths. The side
lobes have been suppressed using raised cosine apodization while main-
taining the peak reflectivity. The simulations are based on using
© 2014 TradeSciencelnc. - INDIA

Optigratingsoftware.

INTRODUCTION

Optical fiber gratingsareimportant componentsin
fiber communi cation and fiber sensing fields. For nor-
mal fiber gratings, by properly choosing the period,
length, index modulation amplitude, chirp and
apodization function, one can flexibly design and opti-
mizegrating refl ection ortransmission spectrato satisfy
many applicationdl. FBGstakethe advantages of a
simplestructure, low insertion loss, high wavelength
seectivity, polarizationinsengtivity and full compatibil-
ity with generd singlemode communication optical fi-
bers. Properly manufactured FBGs offer high
reflectancesand narrow bandwidthsat the Bragg wave-
length. All thismakesthem suitableforapplicationsin
fiber optical communications, e.g. as WDM
demultiplexers, fiber laser technique and fibersensor
system@. FBGisaperiodic or aperiodic perturbation
of theeffective absorption coefficient and/or the effec-
tiverefractiveindex of an optica waveguide. They typi-
cdly reflect light over anarrow wavel ength rangewhich
satisfy the Bragg condition and transmit dl other wave-
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lengths, but they also can be designed to havemore
complex spectral responses®.

There are anumber of parameters on which the
spectraof FBG has shown dependency such aschange
inrefractiveindex, bending of fiber, grating period, mode
excitation conditions, temperatureand fiber Bragggrating
lengthi**l,

THEORY

Inthispaper we performasimulation of fiber Bragg
grating with different length of grating. Thesimulated
wasandyzed and designed by cd culatinglength of grat-
ing, Such simulationsare based on solving Bragg con-
dition equationsthat describethe changing Bragg wave-
length with changing effectiveindex of refraction of the
fiber and length of grating.

The Bragg grating wavel ength equation describe
byAe,., = 2NE, wheren and E arethe effectiveindex
of thefl ber and the grating period in thefiber respec-
tively. Theresultsand discussion about the simulation
work done on FBGs at typical specifications using
Optigrating software.
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Figurel: Principleof operation of afiber bragggrating
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Figure?2: Thedialog box of waveguide profile

TABLE 1: TheParameter sof thedesigned FBG

Parameters Setting
Grating shape sine
Average index Uniform
Period chirp No chirp
Apodization No apodi zation
Length (L) 05to45mm
Index modulati on amplitude (An) 0.0001
Grating period 0.52762870um
Waveguidewidth 9 um
Waveguidethickness 9 um
Coreindex 147
Cladding index 1.457

SIMULATION RESULTSAND DISCUSSION

Thereflectance spectraof thereflection FBGswere
smulated by using Optigratingsoftware Figure 2 show
thedia og box of waveguideprofileto design FBG

Thebas c parametersof uniform FBG isshownin
TABLE 1andthedidogbox in Figure3.

Reflection spectrawas obtained and analyzed for
different valuesof grating length (TABLE 2). It was
confirmed that the spectra propertiesofuniform grat-
ingscomesout to besmilar to sincfunction. Thereflec-
tion spectrafor different grating length 5mm,7mm,
10mm, 15mm and25mm is shown below in (Figure
4,5,6,7,8). At L=05mm, 07mm, 10mm,15 mm and
25mm. successively the maximum reflectivity is
58.15%,78.51%, 92.99%, 99.03%. At L=25 mm,
thereflectivity reached 99.98% but increase in
thereflectivity of sideslobes. After that, if thelength
isincremented further, it is observed that
maximumreflectivity maintainsthesameva ueof99.99%.
Alsoewenoted that the bandwidth decreaseswith in-
creasing of gratinglength.

AsshowninFigure9, itwasconfirmed that thesmu-
lated uniform FBG showedbetter performance asthe
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Figure3: Thedialogbox of the FBG

TABLE 2: Reflectivity and bandwidth of uniform FBG for
different grating lengths

grating length increased andachieved 99.98 % reflec-
tion at the grating length of 25 mm. A very effective

Grating Reflectivity Bandwidth method for eliminating the side-lobes of an FBG
L engtg&s(mm) Obt%‘g% (%) 0(2219)6 isapodi zation. Apodizationisachieved by acontoured
07 78.51 0.1632 ipscri ption of thegrating in order to reducet.he refrac-
10 92.99 0.144 tiveindex changetowardsthe endsof thegrating. Other
15 99.03 0.1272 gpodization functionsthat areusedin thecommunicaions
16 99.35 0.1272 : : - o G -
18 9971 01924 mdqstgllgcludepurecosne, Gaussian, sncand Kaiser
20 99.86 0.1201 profils™. _
22 99.94 0.1176 Figure 10, 11,12,13,14 illustratesthe reflectance
25 99.98 0.1124 spectrumresponse of an apodized FBG for different
gg gg'gg g'iggg grating length. At L=10mm,20mm,30mm,40mm and
35 09.99 0.1062 50mm the maximum reflectivity is60.94%, 94.10%,
40 99.99 0.1062 99.25%, 99.86% and 99.99% as shownin TABLE 3.
|.- :-
e B T
i
ik} (LR
49 L
i I | 1 I I
1.5445 1,550 1.5505 ; .55
Ll b e X10°
Wavelenglh |[nm)

Figure4: Reflection spectrum at L=05mm
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Figure5: Reflection spectrum at L=07mm

Wavelength [nm] X1
Figure6: Reflection spectrum at L=10mm
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Figure7: Reflection spectrum at L=15mm
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Figure8: Reflection spectrum at L=28mm
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Figure9: Relation between uniform FBG reflectivity and grating length

15305 1,551¢
Wavelength [fam] ¥10°
Figurel0: Apodized reflectancerpectrumat L=10mm
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Figurell: Apodized reflectancespectrum at L=20mm
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Figure12: Apodized reflectance spectrumat L=30mm

.o — —

0,8 f | |

e |

|

I

0.4 =

[ |
0,2 !

— I'
0.0 :
1.5395 1.5500 1.5505 1. 5510

x I -6
Wavelength [om *®10

Figure13: Apodized reflectancespectrum at L=40mm
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Figurel4: Apodized reflectancespectrumat L=50m
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Figure15: Relation between apodized FBG reflectivity and grating length

TABLE 3: Reflectivity and bandwidth of apodized FBG for
different grating lengths

Grating Reflectivity Bandwidth
L ength (mm) Obtained (%) (nm)
10 60.94 0.1464
15 84.10 0.1224
20 94.10 0.1128
25 97.89 0.1082
28 98.87 0.1056
30 99.25 0.1032
35 99.74 0.1032
40 99.86 0.1032
42 99.94 0.1032
45 99.97 0.1032
50 99.99 0.1032
55 99.99 0.1032
60 99.99 0.1032

Notethat all of sidelobeshavebeen completely eimi-
nated but refl ected power can beincreased by increas-
ing thelength of apodized FBG, while bandwidth de-
crease.

AsshowninFigure 15. upon consideration of the
reflectivity devation of gpodized FBG it was confirmed
that the s mulated apodized FBG showed better per-
formanceasthegrating lengthincreased and achieved
99.99 % reflection at the grating length of 50mm.

CONCLUSION

Inthispaper we have described the signal charac-
teristicsof FBG with variousgratinglengthsusngsimu-
lation software. The condus onsobta ned fromthisstudy
areasfollows.
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Thereflectivity of fiber grating increaseswith
theincreasein gratinglength.

For uniformfiber Bragg grating thereflectivity
increased with theeevation of grating length
until reached 99.99%in reflection and main-
tained constant for thisvaluefor longer length.
For Raised cosine Apodizationthe reflected
power increased by increasing the length of
apodizedFBG Thereflectivity increased until
reached 99.99% and maintained constant for
thisvauefor longer length.

Theincreaseof thegratinglength for uniform
and Apodized FBG causesthe bandwidth de-
crease and maintained constant for longer

length.
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