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Abstract 

All-fiber components form a versatile technology base for realizing a variety of wavelength 

selective components for spectrally-efficient, dense wavelength division multiplexed optical 

networks. In this work, our focus has been to design and fabricate (i) all-fiber wavelength 

multiplexer for transmission of many wavelengths through a single fiber and (ii) all-fiber gain-

flattening filters required for increasing the usable gain bandwidth with uniform optical signal-to 

-noise ratio in an erbium-doped fiber amplifier (EDFA). 

We begin with the analysis and conceptual understanding of a wavelength interleaver 

(multiplexer), configured around unbalanced all-fiber 2-stage Mach-Zehnder interferometer 

(MZI). This is followed by the design and the fabrication recipe for realizing wavelength 

interleavers. We have also developed an algorithm to determine the optimum splitting ratios of 

the fused-fiber couplers that constitute the 2-stage MZI, to achieve a 'flattop wavelength 

response'. The implication of the second delay line, with respect to its presence in the 

upper/lower arm of the second-stage of the MZI, is highlighted through an algebraic analysis. 

An important requirement in realizing practical interleavers based on MZI is to precisely 

set the differential phase delay qh between the arms of the interferometer. We have proposed a 

simple technique to realize all-fiber interleavers with desired channel spacing, and have 

demonstrated the feasibility of controlling the differential path length in micrometer range. 

Experimental realization of the flattop spectral response of such interleavers proves the efficacy 

of the tuning process and validates our simulation recipe. 

Two different couplers having splitting ratios, e.g., 68:32 (i.e. 68% power in the coupled 

port and 32% in the throughput port) and 32:68, might appear to be identical unless physically 

tracked during fabrication. Identity of the throughput- and coupled ports becomes extremely 



important while realizing interleavers involving cascaded MZIs. We have presented an analytical 

method to resolve the ambiguity in identifying the output ports of a fiber coupler; the 

appliCability of the method is demonstrated by fabricating a single-stage unbalanced MZI. 

We have also proposed a new method to make a direct estimate of the value of mode 

effective index (neff) of a single-mode fiber by employing the fiber in a single-stage unbalanced 

MZI. Our technique relies on the fact that a small change in the differential path-length would 

lead to a corresponding change in the free spectral range in the MZI's spectral response. We 

have exploited this effect to determine the value of neff of a standard G-652 type SMF-28 fiber. 

We have also analyzed and developed a gain-flattening filter, which was first designed 

through simulation, by exploiting the bend-induced birefringence in a fiber loop mirror (FLM). 

Subsequently, an over-coupled fiber coupler with an FSR of 140 nm was fabricated to realize 

the FLM. By introducing an appropriate amount of bend-induced birefringence in the loop, 

flattening of the amplified spontaneous emission spectrum of an EDF within ± 0.5 dB over a 

wavelength range of 32 nm, in the so-called fiber amplifier C- band, has been demonstrated. 

Finally, we have presented a graphical representation of the supermode theory of a 

waveguide directional coupler. This representation directly illustrates the inherent result of the 

supermode theory that the phase difference between the output fields of a non phase-matched 

waveguide coupler is dictated by its splitting ratio, unlike the case of a coupler made of phase-

matched waveguides. Usefulness of this approach in the context of wavelength flattened 

couplers, wavelength division multiplexing couplers and polarization effects in directional 

couplers were also discussed. 
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