
Chapter 1 
 

Introduction 

 

 

1.1 Review of Evanescent Wave Fiber Components and 

Fabrication Methods 

 

Optical fiber components are essential for fiber-optic communication and 

sensing. They can be made by chemical-etching [1-3], fused-tapering [4-8], 

side-polishing [9-12], and laser ablation [13] techniques. To interact with the 

guiding wavelengths in fiber core, we can gain access to the evanescent field. 

Thus, a straightforward method is to remove a portion of the fiber cladding by 

chemical-etching, side-polishing or laser ablation until the evanescent field is 

accessed. Another way is to expand the mode field diameter by tapering the 

fiber using flame, filament [14], or laser. While the fiber core is tapered to a 

dimension of a few tens of micrometers, the mode field is expanded to the 

tapered fiber cladding which serves as a new guiding core. Among them, 

fused-tapering technique was widely adopted due to the easy, fast, and 

cost-effective fabrication processes. However, the guided mode is transferred 

into high-order modes through the tapered transition [15]. Moreover, the 

fused-tapered fiber coupler is somewhat polarization anisotropic so that a 

narrowband (< 10 nm) demultiplexer with a high channel isolation [16], 

particularly for applications like a high dropping efficiency add/drop 
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multiplexer [17], and a fiber coupler with low polarization mode dispersion for 

40 Gb/s fiber-optic systems are difficult to achieve. In contrast, the 

chemical-etching, side-polishing, and laser ablation techniques do not deform 

the fiber core and thus the polarization isotropy of the fiber devices can be 

better maintained. However, the chemical-etched fiber devices are too weak to 

use [2] whereas the laser-ablated fiber devices have the problems in that the 

ablation depth can not be accurately controlled. The side-polished fiber devices, 

on the contrary, are both mechanically strong and the polishing depth can be 

controlled within the accuracy of one micro-meters. Furthermore, the 

interaction length can be precisely determined by the curvature radius of the 

fiber. Unfortunately, for side-polishing, the processing time is too long and the 

cost is too high to make side-polished fiber devices widely used. However, 

side-polished fiber devices are still worthy of the investigation on new physical 

phenomena. 

  Once the evanescent field of the side-polished fiber can be accessed, variant 

kinds of mediums such as dispersive [18], gain [19,20], birefringent [21], 

nonlinear [22], absorption [23], electro-optical [24], metal [25,26] and so on 

are used as overlay for different kinds of functional communication or sensing 

devices. The above materials can also be used as a surrounding material for 

functional fused-tapered fiber devices. In brief, fused-tapered and side-polished 

fiber techniques are the most potential tools to meet the scientific research 

purposes, although only the fused-tapered fiber devices are popularly used 

nowadays. 

 

1.2 Review of Dispersion of Evanescent Wave Fiber 
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Components 

 

The dispersion of an evanescent wave fiber component is important to its 

spectral characteristics and the causes can be divided into two categories, 

material and waveguide dispersion. In general, the material dispersion came 

from the dispersion discrepancy between the fiber and the external medium 

while the waveguide dispersion resulted from the variations of the waveguide 

structure. For fiber devices, the relationship between the refractive index and 

wavelength changes with the variations of material and waveguide dispersion. 

Therefore, the spectral responses will vary accordingly and the influence is 

important when a wide range of wavelength is considered. 

 

1.2.1 Material Dispersion 

 

In evanescent wave fiber devices, since variant kind of material is combined 

with the fiber, the material dispersion may not be matched. When the material 

dispersion is un-matched, the spectral characteristics will be different from the 

original dispersion. The resulting spectral characteristics are similar to that of 

in a dispersive fiber [27-29] and a fundamental-mode cutoff phenomenon 

occurs. Normally, the index difference between the fiber core and cladding is 

almost wavelength independent. Therefore, all wavelengths longer than the 

second-mode cutoff wavelength can be well-confined to propagate in core with 

very low optical losses. However, in a dispersive fiber the refractive index 

dispersion curves of the core and fiber can cross at a point to induce 

fundamental-mode cutoff [18] since the material dispersion is un-matched 
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between core and cladding [27]. Consequently, the wavelengths longer than the 

cutoff wavelengths suffer huge optical losses and the guiding is stopped. In 

general, the refractive index dispersion of the wavelength in proximity to the 

absorption bands of substances is highly dispersive. The Si−O bond in fused 

silica contributes to higher bandgap (~ 9 eV) [30] and phonon (~ 1100 cm-1) 

energies than most of the covalently bonded optical polymers and which makes 

the fused silica have flatter and steeper dispersion slope than the polymers at 

visible and near-infrared wavelengths, respectively. Some polymers containing 

intermolecular hydrogen bonds [31] can turn out to have a higher phonon 

energy and steeper dispersion slope than fused silica at near-infrared 

wavelengths. At ultra-violet wavelengths, materials comprising the stronger 

ionic bonds (Li−F or Mg−F) or a polar covalent bond (Si−F), in terms of 

electronegativity difference, can make the absorption edge blue-shifted to exist 

a higher bandgap energy [32] and flatter dispersion slope than fused silica. 

Therefore, dispersive materials with different phonon energies can be applied 

on evanescent-wave fibers to make tunable fundamental-mode cutoff based on 

the discrepancy of material dispersion. 

 

1.2.2 Waveguide Dispersion 

 

In contrast to material dispersion, the waveguide dispersion due to the 

variations of waveguide structure is not so effective to the spectral 

characteristics. In side-polished fibers, the polishing depth and the curvature 

radius are the important parameters for waveguide dispersion. In fused-tapered 

fibers, the length, diameter, strain, bending, and dopant diffusion at the tapered 

region are the key issues for waveguide dispersion. In general, the variations of 
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these parameters will mainly vary the dispersion slope of evanescent wave 

tunnelling, namely, the wavelength dependence. Usually, people discussed the 

influences of waveguide dispersion on fiber devices based on special fibers 

[33-36]. However, the waveguide structure can be locally changed to alter the 

waveguide dispersion for light propagation and the spectral responses of the 

fiber devices using standard fibers [37,38]. The electromagnetic field 

distribution is locally modified to vary the dispersion characteristics or to 

excite the higher-order modes [38]. Therefore, novel fiber devices can be 

achieved based on the variations of waveguide structure of the standard fiber in 

a small local area. In this dissertation, since the dispersion measurement 

instruments are not available, the influence of variations of waveguide structure 

on spectral characteristics is studied, instead of measuring the propagation 

constants, to show that the waveguide dispersion can be modified by 

waveguide structures. 

 

1.3 Organization of the Dissertation 

 

This dissertation consists of three related parts. In Chapter 2, the fabrication of 

side-polished fiber with a long-interaction length by using silicon V-grooves 

has been demonstrated. A side-polished fiber with its effective interaction 

length as long as around 20 mm was achieved and we can accordingly 

investigate the gain or nonlinear effects on side-polished fibers. Moreover, a 

long-interaction length is necessary for narrow-band fiber devices such as 

wavelength division multiplexer with narrow channel spacing or the add/drop 

multiplexers with fiber Bragg gratings in coupling region. In addition, we also 
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make an arc fusion station by ourselves to fabricate fused-polished fiber 

couplers. The fused-polished fiber coupler, in contrast to fused-tapered fiber 

coupler, is less polarization sensitive which is advantageous for high-bit-rate 

fiber-optic communication systems due to the low polarization mode dispersion. 

The fused-polished fiber coupler may also be good for add/drop multiplexers 

since the dropping efficiency can be much better than that of the add/drop 

multiplexer using a fused-tapered fiber coupler. This is because there will be 

only symmetric and anti-symmetric modes to propagate in the coupling region 

and thus the best interference can be occurred at the dropping port for 

fused-polished fiber couplers.  

  In Chapter 3, the material dispersion discrepancy is introduced by using 

dispersive optical polymer clad onto side-polished fibers or fused-tapered 

fibers. Since the phonon vibration energy of the dispersive material is different 

from that of the silica fiber, the fundamental-mode cutoff can be achieved by 

applied low phonon energy optical polymer on the side-polished fiber or 

fused-tapered fiber. The cutoff efficiency is highly related to the cross angle 

between the refractive index dispersion curves between the dispersive material 

and silica fiber. A larger cross angle can lead to a sharper cutoff and a deeper 

rejection efficiency. The cutoff wavelength can be temperature tuned and can 

be incorporated into the Er3+-doped fiber to make a high efficiency tunable 

fiber laser and amplifier. The tunable fiber amplifier can be tuned to cover the 

S- and C + L-bands by using the fundamental-mode cutoff filters discretely 

located in the standard silica-based single-cladding C-band Er3+-dopes fiber. 

Based on this scheme, a S+C+L-band Er3+-dopes fiber amplifier and a tunable 

fiber laser covering the S+C+L-band are feasible. On the other hand, the 

material dispersion discrepancy between gain medium and polished fiber can 
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result in a poor pumping efficiency since the mode field diameter of the pump 

wavelength is smaller than that of the signal wavelength. Thus it is difficult to 

reach a high population inversion state for the gain medium and evanescent 

gain can only be obtain by pulse pumping. To solve this problem, a blazed 

grating is proposed to be used at the interaction region to diffract the pump 

light toward the gain medium. Therefore, the pump power can be more 

efficiently used and a cw-pumped evanescent gain is thus achieved.  

  In Chapter 4, the influence of the waveguide structure on spectral responses 

of side-polished photonic crystal fiber is investigated. Moreover, the 

fabrication method for side-polishing photonic crystal fiber is important since 

the air hole tubes will be broken during polishing, which causes significant 

optical losses for photonic crystal fiber. The ingoing slurry must be cleaned to 

avoid the huge losses. For side-polished photonic crystal fibers, the polishing 

depth and radius of the curvature are decisive to the waveguide loss, 

higher-order modes excitations, dispersion slope, and evanescent coupling. The 

side-polished photonic crystal fibers with different waveguide structures can be 

used to make novel fiber components. The concluding remarks and suggested 

future works are give in chapter 5. 
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