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Abstract

The Fiber Bragg gratings have emerged as impodamiponents in several of light wave applications in
the FBG becoming a ubiquitous and necessary elemeguipment located throughout the network from
the central office to the home. This paper exple@@sparative performance study with and withouhgsi
FBG as an external dispersion compensator foresixtlannel return to zero differential phase #afting
modulation operating at 45Gbps per channel wittokhspacing of 0.15nm. Simulations are done with
various single mode fibers with and without extérRBG.Better performance (Q, BER) for dispersion
values used in simulation are -58ps/nm, 23ps/nm,1@®ps/nm for FBG’s used at receiver channels. It
observed that FBG used with receiver channels stipamer communication fiber length, also G655
(NZDSF) fiber shows much better performance as @etpwith other SMF's tested.
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1. Introduction

In currently scenario research is on increasing dapacity of metro and long-haul (LH) ultra dense
wavelength-division multiplexing (UDWDM) systemsya at achieving very high spectral efficiency close
to 1 b/s/Hz [1].It was accomplished in using highégluced channel spacing in the order of the bit par
channel. In such UDWDM systems, the spectra of cadjchannels may overlap significantly if not
properly bounded, remarkably increasing the peréoroe degradation caused by linear crosstalk [2].
Forward-error correction (FEC) techniques have beditated for metro and LH systems [1] to improve
the performance or increase the system margin.h@rother hand, its use leads to a larger transinitte
signal bandwidth, causing greater pre-FEC decogarfprmance degradation in UDWDM systems due to
linear crosstalkThe enormous growth in the demand of bandwidthushmg the utilization of fiber
infrastructures to their limits. The optical fibeommunication system is an important part in modern
communication networks. Usually, there are threg keoblems associated with the optical fiber
communication system, that is, the transmissios, ldgspersion, and the nonlinear effect. The d&per
becomes the major obstacle of improvement of theafiber communication system. In order to regluc
the effect of dispersion, many fiber structuresenbeen proposed. At first, the zero dispersion tpoas
shifted to wavelength at 1.55 um to obtain the @ted dispersion-shifted fiber (DSF), but this kiofi
fiber is not efficient in wavelength division muydtex (WDM) system due to nonlinear effect. The
compromise structures considered both the dispeesid nonlinear effect were studied. This kindibéf

is called G.655 fiber [3—6], however, the dispemsi® still a problem of G.655 fiber system, espigcifor

long distance and high-speed transmission systaeimtlam dispersion compensation is still necessary in
G.655 fiber system. Among different dispersion cemgation techniques [7, 8], there are two methods
which are very useful, one is of using the dismgrsiompensation fiber (DCF), the other is of udimeg
fiber Bragg grating (FBG) [9]. However, by comparis the DCF have following disadvantages: firsis it
very expensive. Second, EDFA is often necessacptopensate the insertion loss of DCF, and introduce
an extra cost. Second, EDFA is often necessargitpensate the insertion loss of DCF, and introdurce
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extra cost. It has low transmission and insertissés, and its refractive modulation can be cdattah
exposure process easily. The significant discowdrphotosensitivity in optical fibers [10] lead the
development of a new class of in-fiber componeatled the fiber Bragg grating (FBG). Fiber Bragg
gratings are revolutionizing the telecommunicatitechnology due to their intrinsic integration withers
and the large number of device functionalities tttay can facilitate, such as filtering, chromatic
dispersion compensation, and optical amplifiers dlaittening. The most distinguishing feature af #8G

is the flexibility that they offer for achieving sieed spectral characteristics, due to the broadeaaf
variation in their determining physical parameférs].Among the different possible methods for aglrg
chromatic dispersion compensation—the major lingtatfor today's high speed telecommunication
networks—the chirped fiber Bragg grating (FBG),sfursion compensating grating (DCG)] is a very
promising candidate because of its high figure efit{FOM) [12].The most attractive advantage dhgs
FBG is that the dispersion and dispersion slopebeacompensated and matched simultaneously. Naw, th
dispersion compensation of FBG is considered ashdst scheme, and hopefully has wide application
foreground. It is shown that generally, the SSB-ERZSformats have poorép-factor and tolerance to the
total residual dispersion but much higher tolerancthe in-line dispersion compensation and intrarmel
nonlinear effects than the BL-duo binary format$[RBevious study were for increase of data ratenfro
10.7Gbps to 43Gbps WDM system using FBG[14] .Conertly to enhance capacity of the optical
communication system in this contribution paperexamine light wave application with FBG we will do
study and performance analysis for 45Gb/s/ch retarmero differential phase shift keying multiplelxe
720Gb/s (45Gb/sx16) WDM optical transmission linikthaand without using fiber Braggs Grating (FBG)
as an external compensation at receiver end fer ibmmunication length of 200km with various ITU-T
fibers, So that we can search the utility of FB@th receiving channels for better optical perfonoa
metrics..

2. Theoretical Consideration

Fiber transmission is more challenging at highdrraie than at 10Gbit/s. At high bit rate dispemsio
induces broadening of short pulses propagatindpénfiber causes cross talk between adjacent tiote sl
leading to errors when the communication distamceeases beyond the dispersion length of the fiber.
Actually at very high bit rate transmission fibexmlinearity’s creates great problem that limite tAngth
of transmission.

Fiber Bragg grating (FBG) is a type of distributgehgg reflector constructed in a short segmentptital
fiber that reflects particular wavelengths of ligiitd transmits all others. This is achieved by ragldi
periodic variation to the refractive index of thieefr core, which generates a wavelength speciétediric
mirror. A fiber Bragg grating can therefore be ussdan inline optical filter to block certain wasetjths,
or as a wavelength-specific reflector. The fundamleprinciple behind the operation of a FBG is Reds
reflection. Where light traveling between mediaddferent refractive indices may both reflect aefract
at the interface. The grating will typically havesiausoidal refractive index variation over a defidength.
The reflected wavelengthy), called the Bragg wavelength, is defined by #latronship,

A = 2n.A

Wheren, is the effective refractive index of the gratimgte fiber core and is the grating period. The
effective refractive index quantifies the veloditypropagating light as compared to its velocityatuum.

n. depends not only on the wavelength but also (faltimode waveguides) on the mode in which the light
propagates. For this reason, it is also called tiodax.

The wavelength spacing between the first minimahermandwidthA\), is given by,
2dmn
AN — [ﬂ} Ap
T

Wheredn, is the variation in the refractive indemx (- ), andn is the fraction of power in the core.
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The peak reflectionRg(Ag)) is approximately given by,

Nn(V)dng

T

The structure of the FBG can vary via the refracindex, or the grating period. The grating pecad be
uniform or graded, and either localized or distidaliin a superstructure. The refractive index hes t
primary characteristics, the refractive index pgmfand the offset. Typically, the refractive indesofile

can be uniform or apodized, and the refractive xnd#set is positive or zero. There are six common
structures for FBGs are uniform positive-only indghange, Gaussian apodized, raised-cosine apodized,
chirped, discrete phase shift, and Superstructirechirped FBG, different wavelength component
involved in a light is reflected at different lomat and result in different time delay. This praganakes
FBG useful in dispersion compensation.

Pg(Ag) ~ tanh?

Ps(>e) T

Reflected Power Pyl

| PV VWwavelength []

Figurel. FBG reflected power vs. wavelength
3. System details

In it RSoft OptSim software was used which givesame realization as physical realization of tretesy.

In this simulation return to zero differential phaghift keying modulated WDM system is used. Thtcap
communication model used is 45Gb/s/ch is showndr fwhich is used to test performance of différen
fibers as well as with and without FBG for diffeterhannels. Sixteen channel transmitter sectiarséd
.The transmitter consists of a PRBS generator, wgenerates pseudo random bit sequences at thefrate
45Gbit/s with 2-1 bits, 39samples per bit. This bit sequence dstéethe RZcoder that produces an
electrical RZ coded signal. Electrical low pass&el filter with 10 poles -3db B.W and this bitjsence

is modulated by optical phase modulator that chamgese of the input optical signal as a functibn o
electrical driving voltage. Multiplexed optical signals are fed into the fib&®epeater loop consists of
short fibers of same type but with opposite dispersalues. The fiber model in OptSithtakes into
account the unidirectional signal flow. Fiber naalges, PMD, birefringence are ON and Raman cabisst
is OFF. The parameters are taken according to -fatded fibers used are according to table-1 for
simulation.
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Figure 3. Input optical spectrum of sixteen cter{ii20Gbps) RZ-DPSK

At the output of the multi stage Lorentzian optiftléer and detection is performed by the DPSKeiger.
Detection is observed for Three channels(Chl,ChBChvith and without FBG with different fibers

observation is taken for three

Channels which aeperating at receiverl (192.35THz), receiver8

(193.40THz), receiverl6 (195.60THz) with and withgtating at receiver end. The all outputs are iagpl
to a visualization tool called Scope. It is an &ieal oscilloscope with numerous data processiptipas,
eye display and BER estimation features. Eye diagrare used to effectively analyze the performarfce
an optical system. Eye diagrams clearly depictidie handling capacity of an optical transmissigsiesn.
More the eye open, the more efficient the systdrthd eye opening is very wide, there is no crdksta
Performance degradation will directly affect the elyjagrams which in turn results in reduced eyeoyge
and time jitter at the Edges.

TablelTransmission fiber characteristics of ITU-T recoemded fibers

ITU-T(SMF'S) Fiber Names Din Effective core area in
Ps/nm/km 10" m?

G.652 AlcatelSMF 16.0 81.7

G.652 yy-CorninSMF28e -16.0 85.0

G653 DSF(DS_ Anomalous) 2.0 55.0

G.655 NZDSF (Lucent True wave) 4.5 55.0

Table-2

Parameter(unit) values

Ref bit rate(Gb/s)

45

Channel separation(Ghz)

150
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Channel frequencies(for 16channels) 192.35 to6Iv5.

Samples per bit 39

VBS B.W (THZ2) 1.3999

Pre amplifier gain(db) 5

FBG dispersion values -58,23 &100 ps/nm

4. Results and Discussion

In it performance study for 720Gh/s (16x45Gb/s) Wdshsmission with 150-GHz channel spacing over
200 km variable length link RZ-DPSK optical commation link using different ITU-T recommended
single mode fibers have been tested. Differentpafterns obtained shown figure (4) to figure (7) and Q

vs. length plots for all four fibers has been shawiiigure (8-11).Results shows much increase in various
losses near around 100kms and optical losses vamedifferent fibers differently. Now on observing
performances Q and eye pattern for different filfleysn various results particularly for 100km spdrfiloer
shows that NZDSF (Lucent true wave) fiber has betie opening and Q in comparison to other fibers
tested for performance comparison. DS_Anomalousr fishows performance good but little poor as
compared to Lucent True wave fiber, the other tibers Corning SMF and Alcatel SMF has shown much
poor optical performance for same fiber span len@h increasing communication length for SMF'ssit i
observed that Q value decreases rapidly, BER isemedt is also observed that external FBG compedsa
receiver channel shows better performance for higistance of communication and for very shortatise

of communication the receiver channel without exéérFBG compensated shows better performance.
Different FBG’s used at receiver have differentpdision values used for better performance thébris
receiver channel 1 FBG is set -58ps/nm, receivanchl8 FBG is set 23ps/nm, receiver channel 16 FBG
set 100ps/nm with WDM optical system operating2Gdps/Ch .On comparing for 200km span it is found
that NZDSF (Lucent True wave) fiber has shown BER and better Q , eye pattern in comparisorilto a
other SMF’s used for study, also CorningSMF28ewshpoor performance compared to other fibers for
overall span analysis.

5. Conclusion

The ITU-T recommended fibers are compared for RZDR®dulation at 45Gb/s/ch by varying span length
up to 200km at 45Gb/s/ch .The G658CorningSMF28§ shows much poor performance as compared to
other fibers tested and NZDSF (Lucent True waverjilis655 shows better performance (wide eye opening
high Q and lowest BER) in comparison to other fibfar variable length span. FBG is helpful for krg
distance of communication with optical system opiegaat such high bit rates as 45Gbps/ch.
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Figure 5. Eye pattern Rx1, Rx8 Rx16 Lucent TrugeV@MF 200km transmission without FBG
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Figure 6.Eye pattern Rx1, Rxé,r Rx16 DS_AnomanuSZS(ZJOkrTi transmission with FBG
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