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Abstract

Optical communication systems have a greater adeaet over conventional
cable communication system. The most important athage of Optical
Communication system is the availability of enorm®moommunication bandwidth
which is a measure of information carrying capacitiut there are limitations to
the distance over which the information can be ceyed without any distortion.
This inevitable distortion is due to optical phenemon called Attenuation and
Dispersion. Attenuation is the reduction or degratan of signal strength while
dispersion is the pulse spreading during transm@si Because of this reduction
or degradation of signal and pulse spreading duringansmission, optical
amplifiers are needed for distances greater thadkéh in order to regenerate the
signal back to its original form, and this makes @htransmission network very
expensive to implement and maintain. The investigatdiscussed here is based
on the use of an adaptive Dispersion-Compensati@thnique on fibre in order
to improve the optical link for up to a distance @00Km. This technique involves
the insertion of fibres with dispersion of negativéope and higher absolute
value. Their lengths can be 17-20km. Lengths that doo high that nonlinear
effects arise will cause a problem. They have widadwidth suitable for WDM
applications (~20nm).

Keywords:Attenuation; Dispersion; Single Mode fibre (SMF); Multimddee (MMF); Dispersion
Compensation fibre (DCF).

1.0 Introduction

It is not exaggeration today to say that fibre Optics liagleed revolutionized the Telecommunication industry. Tles us
of fibre Optics today are quite numerous. With the expioof information traffic due to the Internet, electronic
commerce, computer networks, multimedia, voice, data, véaeo, the need for a transmission medium with the
bandwidth capabilities for handling such vast amounts of infeomé$ paramount. Fiber optics, with its comparatively
infinite bandwidth, has proven to be the solution.

Today with new technologies such as dense wavelength-divisioriplexihg (DWDM) and erbium-doped fiber
amplifiers (EDFA) have been used successfully to fuithenease data ratesto beyonig@bit per secon¢>1000 Gb/s).
This is equivalent to transmitting 13 million simuléenus phone calls through a single hair-size glass fiber.

But the maximum transmission distance in optical fibetesyds limited by attenuation and optical dispersion along the
transmission link; this is the reduction or degradation ansempreading of signal strength during transmission.
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Fig 1:The Basic fibre Optics Transmission System
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1.1 Optical Fiber

In its simplest form an optical fiber consists ofydindrical core of silica glass surrounded byladding made of glass
whose refractive index is slightly lower than tbéthe core’s refractive index. The light or theioal signals are guided
through the silica glass fibers by total interneflection. The overall diameter of the fiber is abd25 to 200 pum.
Cladding is necessary to provide proper light gnidsi.e. to retain the light energy within the casewell as to provide
high mechanical strength and safety to the coma Boratches [1].
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Fig 2: Structure of Optical Fiber
A fiber core is fairly thick relative to the wavelgth of the light and allow the light to enter itraany different angles.
There are a finite number of angles at which tlyereflect and propagate the length of the fiberchEdefines a path or a
mode. Considerable insight in the guiding propsrt# optical fibers can be gained by using a rayupé based on
geometrical optics[1]. The geometrical-optics dgimn, although approximate, is valid when theecadiusa is much
larger than the light wavelength.
There are basically two modes of transmissionfiber. A multimode fiber has a number of path iniegththe light may
travel. A single mode has a light ray in one di@ttonly. Fibers are classified by the refractimdex profile of their
core. They can be either step index or graded inHexe are three main types of fibers: Multimodepsindex fiber,
Multimode graded index fiber and Single mode fiber.

2.0 Theory

The mathematical analysis of wave propagation ancgunducting medium without free charges, Maxwedigiations
are known to be important factors particularly wehealculations of propagation of waves in electrgnetic fields are
involved.

2.1  Wave Propagation

Like all electromagnetic phenomena, propagatioopifcal fields in fibers is governed taxwell’s equationsFor a
non conducting medium without free charges, thegmations take the form

. o8
VXE = —— ) (1)
vXi = J+ 2 )
V.D =p ®3)
V.B= 0 4)

WhereEandHare the electric and magnetic field vectors, retipely, DandBare the corresponding flux densities. The
flux densities are related to the field vectordtey tonstitutive relations

D= &E+P (5)

B= uH+M (6)
Wheree. is the vacuum permittivity ange. is the vacuum permeability, Pai are the induced electric and magnetic
polarizations, respectively. For optical fibévs= 0 because of the nonmagnetic nature of silicas{d. Evaluation of
the electric polarizatio® requires microscopic quantum-mechanical approadinodgh such an approach is essential
when the optical frequency is near a medium resmmaa phenomenological relation betwéeandE can be used far
from medium resonances[2].
Hence, of all properties of the material, we retaimy the ones which influence the polarization.ingsthese
approximations, Maxwell's equations are reduced to:

D

VXB = w3l @)

\Y Q =0 (7b)
V.B= 0 (7¢)
Taking the curl of egn (1) yields,

VXVXE = VX (—%) ©)

V(V.E)-V2E = -9/, (VXB) (9)

Upon taking into account of eqgn (7a) and (5) eqgn) (fecomes
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Thus the wave equation becomes

= = 192 2 9% =
-V(V.E)+ V2E = Skt pessP (10)
2.2  Wave guiding by Total Internal Reflection
The key feature of light propagation in a fibethiat the fiber may bend around corners. Providedbnd radius is not
too tight (2 cm is about the minimum for most nmltide fibers) the light will follow the fiber and Mvpropagate
without loss due to the bends[2] . This phenomeraralled total internal reflection. A ray of ligenhtering the fiber is
guided along the fiber because it bounces off terface between the core and the (lower refraédtidex) cladding.
Light is said to be bound within the fiber.

2.3 Snell's Law
In order to fully understand the ray propagatiofitier, consider Figure 3
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Fig 3: Refraction of light

If n; and i denotes the refraction of medium 1 and mediunsfeetively, thersnell'slaw states that

n, sinf; = n,siné, (12)

Fig 3. Shows that:

(@) The angl®,is the angle between incident ray and an imagihiaeynormal to the plane of the Core-cladding
boundary.

(b) When light passes from material of higheraefive index to a material of lower index the (agted) angle
0,0ets
larger.

(c) When light passes from material of lower refige index to a material of higher index the (aeted) angl®,

becomes smaller.

3.0 Practical and Computational Aspects
3.1 Dispersion Compensation
Dispersion compensation essentially means cangehi@ chromatic dispersion of some optical elensi¢t's look at a
pulse (with spectral width af)o) which is propagating through a fibre charactetibg the propagation constghtThe
spectral widthAX, could be due to either the finite spectral widfhttee laser source itself or the finite durationeof
Fourier transform-limited pulse[3]. We consider iiepagation of such a pulse with the group veyogjgiven by:

1 dp

For a conventional single mode fibre with zero dispon around 1300nm, a typical variationvgfwith wavelength is
shown by the solid curve in Figure 4.
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Fig4: Graph of Pulse through Dispersion Compensationrkihd Conventional Single Mode Fiber

As can be seen from Fig ¥;has a maximum value at the zero dispersion wavtieardl on either side it monotonically
decreases with wavelength. So, if the central vemgth of the pulse is around 1,58, then the longer wavelengths will
travel slower than the smaller wavelengths of thisen [3]. Because of this (chromatic dispersior® pulse will get
broadened. The leading edge of the output pulsklus shifted and the trailing edge is red shiftthw, after
propagating through such a fibre for a certain fbrig, we allow the pulse to propagate through anotivee fvhere the
group velocity varies, as shown by the dashed cinvigure 4. The longer wavelengths will now trafeetter than the
shorter wavelengths and the pulse will tend to apshitself into its original form. This is the bagrinciple behind
dispersion compensation. Now the total dispersfan single mode fibre is given by:

2mc d?
D, = Dy, +Dw__1i(z)cm (13)

Thus, dp/de’< 0 implies operation at>}, (1, is the zero dispersion wavelength) and conversaly(D), and (), be
the dispersion coefficient of the first and secéibce, respectively. Thus, if the lengths of theotfibres (L and L) are
such that

(D¢ )1Ly+ (De)2L, = 0 (14)

then the pulse emanating from the second fibre lvgllidentical to the pulse entering the first fibire order to fully
understand this, let’s look at the Figure5b.

MMW_@_ |

Fig 5:(a) Unchirpped Pulse (b) Compressed Chirped Pulse
In Figure 5 (a), we can see the broadening of ahigmed pulse as it propagates through a fibreadharized by (D,>
0 (\o>),). Thus, the pulse gets broadened and chirpsydmé énd of the pulse gets blue shifted, and thiérig edge of
the pulse gets red shifted. The pulse is said todgatively chirped[4]. If such a negatively chippulse is now
propagated through another fibre of lengthdharacterized by (< 0, then the chirped pulse will get compressed
Figure5 (b), and, if the length satisfies equafib$), then the pulse dispersion will be exactlynpensated.

3.2 Dispersion Compensating Fibre

Conventional single mode fibres are characterizethtye (~ 5-6um) core radii and zero dispersion occurs around130
nm. Operation arountO at 1300nm thus leads to very low pulse broaderingthe attenuation is higher than at 1550
nm. Thus, to exploit the low-loss window around @5, new fibre designs were developed that had disgersion
around 1550nm wavelength region. These fibres atked Dispersion Shifted Fibres (DSF) and have daty a
triangular refractive index profiled core. Using BXSoperating at 1550nm, one can achieve zero dispeas well as
minimum loss in silica-based fibres[4].

One could increase the transmission capacity of/eational single mode fibres (CSFs) by operatind#0nm and
using WDM techniques and optical amplifiers. Buter there will be significant residual (positivelsgkrsion.
Compensation of dispersion at a wavelength aro@t®rim in a 1310nm optimized single mode fibre carathieved
by specially designed fibres whose dispersion @defft (D) is negative and large at 1550nm. Thgpes of fibres are
known as Dispersion Compensating Fibres (DCFs)eSthe DCF has to be added to an existing fibre diphit, it
would increase the total loss of the system andgdiewould pose problems in detection at the ehe. [Ength of the
DCF required for compensation can be reduced binbdibres with very large negative dispersion ¢ioefnts[5].
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Dispersion compensation
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Fig 6:Dispersion through fibers of 50Km length at 40 Gb/s Bandv

The higher the dispersion coefficient of the compensatimg fithe smaller will be required lemgthttte compensatin
fibre. Fig 6 shows the waveforms at the input to a 50km cororaitsingle mode fibre, the outpiut withthe dispersiot
compensator, and the output with a DCF with [-548 ps/km*nm and of length 1.44 km. Note that withthe
compensating fibre, no informati can be retrieved while the DCF fully restores the pi8§:
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Fig 7:(a) Dispersion Compensation Techniques using EDFA AmplifieP (f§es after 50 Ki
To achieve a very high negative value of D, the core ofdnepensating fibre has to be dopedi relatively high Ge@
compared with the conventional fibres. Unfortunately, thel fibre loss ¢) increases because of this doping. Hence
DCFs a measure of the dispersion compensation efficisngiwvén by the Figure of merit (FOM)., whihdefired as
the ratio of the dispersion coefficient to the total lasd has a unit of ps/(-nm)[6].

FOM(ps/(dB*nm)) = Dt (15)
For high data rates such as @Bit/s or 16/ Ghit/s, pulse broadening becomes much stronger fibratiC Gbit/s, for
example. This is essentially because the sp bandwidthof the signal becomes larger. It is then generaly
sufficient to compensate the secamder dispersion only; one also needs to deth highererder dispersion. Problen
can arise, for example, when dispersgtiifted fibber with a substantial dispersion slope are used, ahg dispersior
of second order is compensated. Figdirghow this effect for a single-ps pulse at 1550m after 1(km and 50 km of
such a fibre. Mainly uncompensated thindler dispersic is responsible for the resultingtihrtions[8]
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Fig 8: Distortion of a triple pulse after 20n (solid curve) and 5m (dashed curve) of a dispersion shifted fibreem
only secondbdrder dispersion is compensat
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Fig 9: Pulse distortion after 1®m (solid curve) and tkm (dashed curve) of a dispersishifted fibre, when onl
second-order dispersion is compensated.
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Fig 9 shows Pulse distortion on 1335 transmissiordaw which have modified waveguide dispersion saaashift the
zero dispersion wavelength into the lu-region. This is achieved by modifying the refreetindex profile of the core.
Common index profiles of dispersion-shifted fibhese a triangular, trapezoidal or Gaussian shape[9]

3.3 Adaptive Dispersion Compensation Technique
In order to Use the adaptive Dispersion Compensatomprove Transmission Over 100km, thetotal elispn from
the transmitter to receiver for a fibre length 60km is given by;
Dispersion = FL x FD x Q) (16)
Where FL = fiber length
FD = fiber Persion coefficient

A\ = source spectral width
Therefore, the source spectral width (in nm) is

M_ Af

I
WhereAf is the source spectral width determined by thelmetor bandwidth (12GHz).
This implies that the spectral width (in nm)

A= ATﬂ (17)
Using the following data
Af = 12GHz,
f (center frequency) = 193.1THz
A (center emission wave length) = 1552.52438115nm,
and substituting these data into egn (17) gives
12x10°Hz x 1552.52438115nm

193.1x10'2Hz
=0.0965 = 0.Inm

Then the dispersion = LPAA,
Where L is 100Km length of the single mode fibBx, is 16ps/km nm the chromatic dispersion coefficemdA) is the
spectral width, Therefore, from egn (16)
Dispersion = 100x16x0.0965 = 154.4ps
. link dispersion

Theratio = m (18)
Bit rate = 9.953Ghbit/s, then the bit period €&n be calculated as:
T = -

Bit rate

= ;zloops, then
9.953x1(°

The ratio link dispersion

= 154.4/100
bit period /

= 1544
In order to compensate for the dispersion as cakteld above, the Dispersion Compensating Fibre )®@as to be
introduced:
The dispersion of this fibre was found to be p88@m. nm, and therefore the Length of the DCFleafound from
-80 ps/km. nm x 0965 x L+154.4=0

7.72 x L = 184or
154.4

L = —
7.72
L = 20Km
In order to compensate for the system dispersiohave to use a DCF of 20km
The attenuation caused by the DCFis 20 x 055 = 11dB

4.0 Results and Discussion

The experiment was carried out for the six différiéore lengths in order to determine the BER ofteéength of the
fiber. (Bit Error Rate or Bit Error Ratio) is theumber of received binary bits that have been altedeie
to Dispersion and interference. Therefore, using @®) and eqn (17), to determine the dispersiah @mpensating
fiber respectively, table 1 shows the length of fibees and the corresponding BER obtained by satied ofvarious
fibre lengths. The process involves adjusting tttenaator values while keeping the received powenstant, the
transmitted power, received power and the BER veésdhand recorded as shown in the table 1
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Table 1 Table of various fibre Length, Attenuation,Power & BER.
Length of fibre | Attenuator (dB) | Transmitted power(dBm) Received power(dBm) BER
1km 23.8 -2.826 -26.962 8.4259x10
10km 22 -3,032 -26.979 2.13848x%10
20k 20 -2.981 -26.99¢ 3.44625x17°
30k 18 -3.00¢ -27.00! 8.64955x1®
50km 14 -3.002 -27.007 4.7996x10
70km 10 -2.998 -27.003 1.31112x10
100km 4 -2.978 -26.997 0.000203634
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Fig 10: Graph of SMF against Attenuation
Fig 10 Shows attenuation on Single Mode fibers Wliscconstant throughout the various lengths ofithers
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Figl1:Graph of SMF against BER
Fig 11 Shows Bit Error Rate on the Single Modedtbwhich is very high between 50 to 100km
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Fig 12: Screenshot of eye diagram fétrin
Figure 12 illustrates the schematic for simulatihg single mode(SM) fiber transmission; this desgm simplified
representation of SM of optical fiber. In the tramiger section, a transmitter generates a 1552&P#2nm at
9.953Gbits/s NRZ signal. Optical receiver Sengifivif -27dBm and error probability of 1x2@For 100 km fiber link a
BER of 1.31112x18was recorded. An eye chart gives an idea of the BEfRe bigger the eye the lower the error rate.
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Conclusion

We are able to demonstrate that by using adaptsgersion-compensation technique on dispersion eosstion fibre,
the dispersion compensation fibre has significenggact on dispersion because it decreases the BER{®r Ratio) as
low as possible. This however increases the opiigafor up to 100km without Optical amplifier(s).

Finally the effect of dispersion compensation filme dispersion was analysed and it was found thatet was a
significant impact of DCF which improve transmissiaver 100km and decrease the BER to 8.4258k10
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