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ABSTRACT

A simple pulse equalization technique is described to minimize dispersion in single-mode
optical fiber transmission systems. This technique utilizes positive and negative dispersion
characteristics of single-mode fibers on both sides of a zero chromatic dispersion
wavelength. Temperature effect is alse studied in this equalization technique.

LINTRODUCTION

The growing demand in dats transmission, raised 1n particular by the internet will require
the use of optical fibers as transmission media instead of coaxial cables, even at short
distances.

Optical transmission systems have great potential for use in multi gigabit long span trunk
line svstems because of wide signal bandwidth and low loss characteristics. High speed
response optical and elecironic devices made it possible to realize over 10 Gb/s ultrahigh
speed transmission expenments in many places [1]. These technelogies will be utilized in
practical optical communication systems in the near flure, In order to increase the total
length of the optical communication systems, the 1.55 um wavelength systems should be
used instead of the conventional 1.3 um systems as the new window is suitable for high bat
rate, long haul transmission gwing (o high capacity and low transmission loss of the fiber
at 1,35 pm,

Unfortunately, in this wavelength region the standard single-mode fibers have a typical
chromatic dispersion of 15-20 ps/nm km. The combined effects of this dispersion and the
laser chirp result in an intersvmbol interference that can cause a significant performance
decradation

One of the solwtions 15 the use of dispersion shifted fiber (DSF) with zero dispersion
wavelength around 1.55 pm. However, this is not effective for conventional fiber networks
that are already installed wath the standard fibers [2].

The idea of vsing a special dispersion compensating fiber (DCF) to compensate the
dispersion in single-mode fiber (SMF) was proposed as early as 1980, where early
dispersion compensation experiments used relatively long pulses (=10 ps). This is not the
only method for compensation. There are.other technigues utilizing chirped fiber Brag
gratings, bulk grating and lens pairs, mid span spectral inversion and dispersion
compensating fibers [3]. :
The dispersion compensating fiber which has a negative dispersion coeflicient at the
signal wavelength s the most practical means to compensate for chromatic dispersion for
reasons of manefacturability, stability with temperature changes and wide band dispersion
compensating characteristics,
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The proposed optical pulse equalizer svstem consists of a single-mode fiber with a zero
dispersion wavelength kg, such that g (source wavelengih) lies between A {equalizer zero
dispersion wavelength) and 2 (hiber zero dispersion wavelength). 5o, the transmission
fiber and the equalizer have opposite dispersicn signs at A5, The pulse that is breadened
{by a broadening o) because of the first fiber dispersion is now restored to its original
pulse width atter the second fiber following the @miven condition:

St S =0 - ) : “_:I

or ' - ' '
Dy Ly =Dz =0 {3]

where:
Dy 15 the total dispersion parameter at the source wavelength (i)
7 15 the total dispersion of the egualizer fiber al the source wavelength (Ag).
Ly s the first fiber length (transmission fiber).
Lz 15 the second fiber length (equalizer fiber).

1L BASIC MODEL AND ANALYSIS
IL1. Material Dispersion
The core refractive index n; as a function of the wavelengath is represented by [4]:

: i Aa, :
no=1+ Fopl {3)

where a; and b; are, respectively, the oscillator strength constants given by:
- =06951663 + 011070010 % _ | {4-a}
ar=04079426 + 0310321588 x| | {4-b)
©ay= 08974794 - 0.04331091 x _ . (4-¢)
by= 0.0684043 + 000368306 x| _ o ; i4-d)
ba= 01162414 +Q.03772465x (4-]
by= 0896161 +1.94577x {4-1)

where x 15 the doping (Ge0; ) percentage.

The material dispersion parameter, Dy, 15 defined by [4]:
LA d%n
¢ di
where L is the fiber length and ¢ is the free space speed of light.

Dhis : (3)

IL2. Waveguide Dispersion
The waveguide dispersion is given by [4]:
'I’: d:ﬁ
L ()
T
where [ is the propagation constant that is given for the step index fiber by [3]:
F "y
I PRSEE { j,lﬂ 1
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The total dispersion 15 defined by:
D= Da+Dy (2)

HI. RESULTS AND DISCUSSION
The previous medel 15 used 1n a computer program to determine the matenal dispersion,
Dy, and the waveguide dispersion, Dy, to get the total dispersion.

Figure| represents the vanation of total dispersion Dy in ps/nm km. The Figure shows that
the wavelength-(2=1.25 um}) lies between the two last curves for Dy at x=0.15 and 0.2,
3=1.355 um is the optimum wavelength-for minimum loss. Therefore, one can obrain an
optical pulse equalizer at this wavelength.
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Fig.l. Vanation of total dispersion, Dy, with wavelength for different percentage of
aermania doping in sinale-mode slep- index fibers,

Increasing the core radius, a, results in shifting the total dispersion curve (D) from the
necative reaion at very small values of a, such as 2022525275530 ym towards the
positive region at larger values of a such as 3.25.3.53.75,44.254.5,5 um. Increasing the
doping ratio, x results in shifting the zero dispersion wavelength, by towards higher values
as the value of a increases. Starting from 8=3 um, Ao exists in non usetiz] region (Ao is
abovel 6 um). Changing the relative refractive index difference (A) from 0.001 to 0,008
resulls in no noticeable changes in results,

It is well known that the two useful ranges in optical fibers communication systems are at
A=1535 pum (mimmuom atteneation) and 2=1.33 yum (minimum dispersion). Therefore, for
equzlization to cccur, the source wavelength (A;) must lie between A, of the first fiber and
Aoy Of the second fiber in order that the transmission fiber and the equalizer fiber have
opposite dispersion signs at the source wavelength (A;).

We have found that, starting from a8 =3.25 um, egualization can take place between the

-

first curve (at x = 0} representing the first fiber and any other curve, Fig. 2,
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Fig.2. Variation of total dispersion with wavelength for different percentage of germania
doping in single-maode step index [bers,

At a =3.5 um, the equalization can take place between the first curve (at x = @)
representing the first iber and any other curve but not the next fiber as 2= 1.35 pm 13 not
in between these two curves, Fig 3.
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Fig.3 Vanation of total dispersion with wavelength for different percentage of germania
doping in single-mode step index fibers (at higher value of a rather than that of Fig, 2

At =375 um, the equalization can take place between the last curve (at x = 0.2) and any
other curve. At a=4 pm , 425 pm , 4.5 pum , 475 um and 5 pm, the zero dispersion
wavelengths (L) does not exist at 1.55 pm or 2t 1.33 um, and so, these values of core
radius zre not desirable for equalization process,

Samples of results are given in Table 1 for different values of the equalization fiber length
(Lz)and it3 doping ratio at L= 1 km and x,= 0.
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houm [ Lo(xz)km | % [ Ggpm | g.pm
135 (0.38792 005 | 54002 | 1.57577
135 0116528 0,10 154002 | 161226 |
133 0.10493 0.13 154002 | 16495
1.55 0.07704 0.2 1 54002 | 1.68732

Tablé 1. Sample of fiber equalizers. a =325 um , A= 0001

Based on Ref. [4], temperature effect 15 studied on the value of L; through the dependence
of the core refractive index n; on temperature. The oblained resulis are displayed n Figs. 4
and 5,
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Fig 4. Vanation of total dispersion with wavelength for different percentagze of germania
daping in single-mode step index
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Fig 5. Vanation of dispersion equalizer fiber length (L3} with temperamre at ditferent
percentage of sermania doping in single-mode step index fibers at A=1.55 pm.
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From Fig. 5, one can conclude that at g = 3 25 pm, A = 0001, x = 0.1, in the first curve, x
= 0.1, ne values for L; at temperature at 100 "C and 80°C can exist because the conditions
for equalization are not satisfied. However, at x = 0,15 and 0.2, the values of La extends to
temperatune: 100°C.

IV. CONCLUSION

It is much easier to adjust the equalizer fiber length (L;) than to design the equalizer
industrial specifications such as doping ratie (x). Thus, the egualizer fiber can be any
single-mode fiber with a relatively large opposite signed (D) at the seurce wavelensgth.
This system dcpcrtds on the total dispersion equalization and not cnly the chromatic
dispersion as previous work. It is also found that, the equalizer I&nﬂ[h decreases with the
lemperalure increase at the same doping level, x.
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