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ABSTRACT

The cancellation between waterial and waveguide dispersions for weakly guiding single-
mode fibers has been analvzed o predict the optimium wavelengih for zere chramatic (toml)
dispersion, The fibers under consideration are choracterized by a radially inhomogencous
circular core with a polynomial refractive index profile. Zere dispersion wavelengil of this
tvpe 35 swudied for Si0.-GeOy glasses and is depicted arovnd 0.7 wm and 0.9 s for silica and
aermania glasses, respectively.

LINTRODUCTION

Smgle-mode  fibers has been established as an excellent wmedium for long distnce
telecommunications. providing loag repeater spacings and large bandwidihs, The lensth of a
repeaterless optical fiber link and the bit rate that can be transmitted over it are limited by o
quantities. These are the power attenuation due to losses in the fiber and the pulse dispersion
which occws  because of the fioie specwral spread of the Lol source. For efficien
communication. it 15 desirable  that the minuwam less wavelength coineides with 1lw
wavelength of zero chromaue dispersion or that dispersion is suflicientiy low over a laree
range of wavelengths [1, 2], Therefore. the study of chromatic dispersion in single-made
fibers 15 of great impormance for ensuring the optimium performance of data transfer rate of
lose-haul communication systems.

Chromatic dispersion can be decived through the wave equation by numerical methads [2]-
3] hea recent work [6]. we have studied the chromatic dispersion in single-maode libers with
core refractive index ol & biquadratic vagiation with the radial distance,

I thes paper. we present a simple analviical study w obain the chromatic dispersion in
simgle-mode fibers of a radially inhomopeneous circular core with a polynamial prodile 1o the
sigth order. The method used w0 obiain the wavepuide dispersion ig based on the Faushal
ansatz for the eigen function [7], while the other used w obtain the material dispersion is
based on the thres-term Sellmeicr dispersion relation 8] The Si0.-Ge(d: olass 1vpe s
considered becawse it 5 currently of grear iterest. The Herest® in hizh cermania side 15
bighly ereasing  Leeauss previous catoukanons hove shown lat the CGeds ulass exhibits a
lower oplical loss window than tar of high 5100 comainime elasses as i result of reduced
Havleigh scauerme at longer wavelenaoibs [ §],



IL MATHEMATICAL MODEL
I1.1. Propagation Constant

[t is well known that ¢r), the pam of the electric field depending on the radial distance r,
i an optical fber, under the weak guidance conditions. satisfics the scalar wave equation [Y)
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where k (= 2nid) is the free space wave numiber. A s the operating wavetength, 3 is 1he
propagation constant. m is the azimuothal mode number (= 0, 1. 2.3, ) and wie is the
refractive index &s a function e

The fiber under consideration i3 characterized by a core refractive index ol a polsmeinial
profile of the form 7]

il = w4 - Rey T, (2-3)
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wlere n, s the axial vaiue of the core refractive index. r. is the core radius. a, . by al o e
pasilive constants. Thig prolile 15 consistent with the experimental work of Rawsow eval. [10]

and looks like o double clad W-fiber as indicated in the oraphs given below, Fio, | throush
Fig. 4,

Salving Eq. (1), Kaushal has obtained the propagation constant, 5. in the form [7]
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b=1Dbr and € =T
teaushal also showed that the constant b is given b

bh=Gc'” =21+ ac
whete

4 =g ]'u: '
Here, the consiants a, b and ¢ arg dimensiouless.
(1.2 Chromatic Dispersinn
Baged on the additive effect of 1he material dispersion, 1y, . and the wavecnide

dispersion, Dy, . lhe chromatic dispersion. [y . 15 ebtained [9]. Detaited anzlysis for boti
dispersian types are given in the following subsections.,
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11.2.1. Material Dispersion

The material dispersion iz included in the wavelength dependence of the axial value of
the refractive index. n, , of the fiber material having the form [9] :
A din,

D - - ] 1 5-
e dX° )

™=

where ¢ is the free space speed of light.
The value of n, is represented by the three-term Sellmeier equation (8] :
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where A, are coefficients related o the material oscillator strength  ond ¢, are 1he

corresponding oscillator wavelengths, The values of A; and §, . interms of the gernania
pereentage, x. in the wavelength range (1.363 < 3 (um) = 4.28. are given by (8] :

= 06961663 + (0.11070342) ; [7-ad
A= 04079426 + (031021388 v« . [ 7-1
A= 089747094 - (0043311049 % ; (7-ch
[y =0.0684043 + (0.00056) x ; {7=d}
{3 =0.1162414 + (0037725651 % : [7=2]
£3 =9.8961610 +({1.94577) % . [ 7-1

[LZ.Z. Waveguide Dispersion

Assuming only the fundamental mode propagation, the waveguide dispersion can be
obtained from the refation {2, 4. 5, | 1] :

o o | 1 N
3. b= |2:~.£ + A -—n] . (8]
h, s

[II. RESULTS AND DISCUSSION
The wvalues of the constants a and o .nnﬂ]mr with the core radius. 1, . and the w avelenoth.
Ao are chosen to give a positive value for n°(r). For single-iode operation. the value af r, is

chosen between 3 um and 3 pom and the constants 2 and © were obizined 1o have the range of
valies;

1300 = 5 = 2000
and
2000 = & = 4000

It was found that increasing the value of 2. ¢ or both over this range {keeping the fiber radivs
in the range of single-mode operation) will decrease the value of the core refractive index
pelaw the well known values for glass. Fig. |, The same resuit was obtained at higher values
et A T 2, '
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Fig. 1. Core refractive index. Fig. 2. Care refractive index.

where p=r/g,.

where p=rir,.
{Effzct of the constants a and ¢!

Effect of the wavelength &:

Figure } shows thata core radius of 5 pm cives a bener profile for the core refractive index
than thinner ones. giving less values for the relractive index near the core-cladding imcriace.
This is the reason for the mare emphasis given L this radies in our study.

The 510:-GeQx  glass  was studied through different values of the BCIMania percentage, x.
Fiz. 4. It is observed that the increase in the value of » vields a shifted profile as expected
because the refractive ndex of the germania glass is greater than that of the silica one,
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Fig. 3. Core relrastive indes, Fig. 4, Core relractive index, wiere p
where p=r1r1,. = 1 1
VEffect of the core radius, 1, ! ' Effect of the aenmania percenuge., 5!



The material dispersicn was directly obtained through Egs. (5-7) and the waveguide
dispersion was obtained through Eqs. (1) and (8). The negative sigain Eq, {3} is chosen
because the positive sign results in a propagation constant, [, greater than n.k. whiclh is
forbidden. '

Adding both dispersion types. the chromatic dispersion was then obtained. Figures 5 and 6
represent the obtained results for both 10y (x=0) and GeO: (x=1) glasses, respectively. It is
cbserved tha, for Si0; plass. the material dispersion tends to zero at a wavelength, i, =
1.27 pm. in consistence with the value found in Ref. [9], while the corresponding value in
the Gel: glass is observed at 1.74 pm. From both Ggures. it is noted thar waveguide
dispersion, when considered, results in 2 decrease in the vaiue of A,
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Fig. 3. Chromatic {Totaly Dispersion
for Silica Fibers.

Dy 15 the material dispersion.

D 15 the waveguide dispersion.

Fig. 6. Chromatic { Tutal) Dispersion
for Germania Fibers.

Dy 15 1he material dispersion.

Ch, 15 the waveguide dispersion,

The zero chromatic dispersion wavelengih. &, is displayed agamst the germania peroentape,
5. in Fig, 7. The upper curve is deawn when enly the material dispersian, 11, . is considered
while the other curves are drawn when the wavepmde disporsion is added 1o the material
dispersion. The iigure shows that the value of A, increases lingarly with x =t constant radius.
At a core radius of 5 pm, as an example, this variation is:

Ao (o) = 01836 x +(.722] : 19)

[t is clear, from Fiz. 7. that increasing the core radivs. 1, will shift the 4., line up, i.c.. he
eifect of the waveguide dispersion is less, This comtinues until the e of the mmerial
dispersion is reached for higher values of the core radius corresponding w molimode
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operation, at which the waveguide dispersion has a negligible effect in agreement with that
obtained in Ref. [%]. Figure 7 shows also that the increase in the value of the constams a and ¢
vields a very small effect on the value of 2,.

Fig. 7. Zero Dispersion wavelength, 7, |
against the germania percentage, ¥,

Dy denortes the vartaton of Ao wWlien only
the material dispersion in considered.
Curves 1. 2 and 3 give the variation of 2.,
tar total dispersicn.

Incurve | =3 um ., a=1500.¢c=3700
Ineurve 2. rn=dum,a= 13500 . ¢c=3700
Imenrve 3. r =3 unr, = 2000 . ¢ = 4000

V. CONCLUSION

Thiz wark represemts the calculation of the chiromatic dispersion. D, . for inhomoseneous
fibers of Si0:-GeO; plasses. It is found that the vaiue of the zero dispersion wavelength, A, .
ingreases with the germania ratio, x. According 1o the cbiained results and fur the considerad
fiber 1vpe, one can conclude thal bewer aperation is achieved around (0,7 m ot sidica and
around 0.9 um for cermania glasses.
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