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ABSTRACT 

In recent years single mode fibers have attracted a 

great deal of attention due to their many facet applications 

in optical communications and network. Lately, new 

applications of fiber optics are emerging in the scene such 

as fiber optic sensors, coherent optical communications and 

integrated optics. Most of these new applications require 

the waveguide structures such as integrated optical 

waveguides, high birefringent fibers, directional couplers 

etc; which are either rectangular in cross-section or could 

be modelled as rectangular core waveguides. 

The present thesis is devoted to characterisation 

methods for rectangular core waveguides and to the study of 

multiport waveguide couplers formed out of rectangular core 

waveguides. 

In the first part of the thesis, methods for 

characterising various rectangular core waveguides from the 

measurement of their far-fields are developed. The simplest 

optical waveguide is a planar waveguide which is a limiting 

case of a rectangular core waveguide for large aspect ratio. 

A method involving the measurements of the three angles at 

which the far-field intensity drops to 10%, 25%, and 50% of 

the maximum value is proposed to characterise an asymmetric 

planar waveguide. A simple method is then developed to 



characterise both the symmetric and the asymmetric 

rectangular core waveguides.„, Since it is known that the 

elliptical core fibers could be modelled as rectangular core 

waveguides for estimating their birefringence, the above 

method was used to experimentally estimate the aspect ratio 

of an elliptic core fiber. 

The second part of this thesis is devoted to a detailed 

study of multiport waveguide couplers, which are extensively 

used in coherent communication systems and fiber optic 

sensors. in chapter 4 of this thesis, a method to understand 

the coupling characteristics of an eight-port coupler, which 

can be fabricated either by (i) fusing four identical fibers 

or  (ii) polishing the surfaces of two dual core fibers or 

(iii) using integrated optical channel waveguides with 

square cross-section, is discussed. The propagation 

constants 
 

of  various  guided 
 

modes 
 

and  coupling 

characteristics of such eight-port couplers are discussed. A 

simple LP mode classification of various scalar modes and 

their spectral response are also presented. The method is 

applied to describe the various supermodes and the coupling 

characteristics of circular or highly elliptical core fibers 

arranged in a rectangular cross-section. The effect of 

aspect ratio of the rectangular arrangement as well as the 

aspect ratio of the individual waveguides on the coupling 

characteristics have been studied. It is observed that the 



polarisation birefringence of various supermodes of a 4 X 4 

coupler is of the same order as that of the individual 

elliptic core waveguides. Finally in the last chapter, 

transmission characteristics of a 4 X 4 coupler homodyne PSK 

receiver have been obtained. It is shown that the best 

performance is obtained if power is equally split in the 

output ports. Further, it is also shown that 90 °  hybrid is 

not a necessity for a PSK demodulation. 
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