CHAPTER 6. CONCLUSIONS AND SUGGESTIONS FOR
FURTHER INVESTIGATIONS

6.1 CONCLUSIONS

In coherent opticafiber communicationsand polarization-sensitive fiber-optsensing
devices, single-mode fibers that maintatate of polarization along their length are
required. In optically amplified lightwave systems where high output power erbium-doped
fiber amplifiersand multi-channel dense wavelengtivision multiplexingare used, the
fiber of choice ighe one that offersingle-modeoperation with both lowdispersion and

low loss, and is less susceptible to nonlinear effects.

In this dissertation, the issues of maintaining polarization and polarization-mode dispersion
in fibers have been discussedAnalysis and design of optical fibers thahaintain
polarization over long lengths, provideropolarization-mode dispersion, and function as
polarizers or mode filters have been presented. The solutioaitgainingpolarization in

fibers is achieved by optical fiber designs that provide either high birefringence with single-
mode operation or single-polarizatiosingle-mode operation.  The polarization-
maintaining fiber designpresented are oflispersion-shifted, dispersion-flattened, and
dispersion-unshifted types. The zero polarization-mode dispersion single-mode design is a
dispersion-shifted fiber thaprovides large effectivearea and hence reducegynal
distortions due taonlinearity in fibers. Also avedge-shape waveguidgructurewith
arbitrary wedgengles has beengposed for applications as a mdder and polarizer.

It employs mixed boundaries of metal and dielectric materials.
In thefirst part of the workdesignsfor high-birefringence and single-polarizatisimgle-

mode fibers have been addressed. The deargnsased omultiple-clad geometries with

the coreand inner cladding regions beiagisotropic due to inducesiress. Refractive-
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index profiles with double and triple-clad structures were studied and optimized. The fiber
designswere optimized fotthe two types of polarization-maintaining fibers arder to
achieve high-birefringence fibers and single-polarization single-mode fiberszevithor

very small dispersion atabout 1.3um and 1.55um wavelengths. For the optimum
designs, the propagation constant, cutoff wavelengthdepersion characteristics were
evaluated. The saliest birefringence obtained wittero dispersion isl.48<10*. Also,
single-polarization single-mode fibers with nearro or zeralispersion agbout 1.3um

and 1.55um have been realized usitigeedifferent index profiles.For these designs, the
wavelength range fasingle-mode and single-polarizatioperation is 100 nm to 500 nm
[117].

In the second part of the workcamprehensive analysis pblarization-mode dispersion
in multiple-clad fibersdue to ellipticity of fiber cross-section was carrienut using a
perturbation technique. The design of laedfective areasingle-mode dispersion-shifted
fiber that provideszero polarization-mode dispersion #te wavelengthl.55 um was
accomplished usinthe analysisdeveloped. The refractive-index profile chogen this
design is depresseambre with multiple-claddings. In addition teero polarization-mode
dispersion, thelesign also providesmall chromatic dispersion, large effectiaeea, and
low bending loss. Chromatic dispersion @65 ps/nm.km with a slope 00.055
ps/nnf.km, effectivearea on the order of 13, and mode-field diameter about 10
pm have been attained at55 um. Toleranceanalysis onthe transrission parameters,
including, polarization-mode dispersion, chromatic dispersion, effeatea, and mode-
field-diameter, due tet 1% and+2% variations in theadii of the fiber layerswere carried
out. In general, the results thiis analysishow that variations in th#ickness of second
inner cladding layer's radius hawveegligible effect on the transmission parameters
considered. The effects of centraire and thefirst inner cladding orthe transmission

parameters are more pronounced but are reasonable.
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In the third and laspart of the work, acomprehensive modal analysis wédge-shape
dielectric waveguides bounded by conducting planes was carried Bubpagation
constantsingle-mode frequency range, cutoff frequereynductorand dielectric losses
were evaluated for thiindamental mode in waveguides wiledgeangle of 2v3, and
n; n> 1, as example casgkl8]. Wedge-shape waveguides, compared tohiblow
circular waveguide, can be operated at higher frequencies or may assumeola@gees,
while maintaining single-mode regime. These waveguides gensuglportfewer number

of modes for smaller wedge angles and the TM modes are extinct.

6.2 SUGGESTIONS FOR FURTHER INVESTIGATIONS

The analysis ofpolarization-mode dispersion presented here accountfbgr cross-
sectionelliptical deformations. However, in addition tore dipticity, random residual
stress also contributes to polarization-mode dispersion. Thusnahesis ofpolarization-
mode dispersion should be extended to random anisotropy in the fiber.

An important task to be pursued is #erimental verification ofhe designs presented
here. This task, however, can only be performed in collaboratiorfibethmanufacturing
industries.

The effect offinite conducting planes opropagation properties of the wedge-shape
waveguide is a matter that is worth investigating and comparing the results withavbat

been presented in Chapter 5.
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