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Chapter 1 
 
 

Introduction 
 
 
 The  development of  advanced high-speed broadband networks and wireless 

systems requires  a deeper understanding of the dispersion of the transmission channel. 

Dispersion is a source of the so-called intersymbol interference that is fundamental to any 

digital transmission system. The focus of  this study is on the  channel dispersion 

(frequency/time) for guided and unguided media. Frequency dispersion refers to the 

property of a wave-propagating channel that makes different frequencies at different 

speeds. Frequency dispersion is normally called  dispersion. Time dispersion or multipath 

dispersion refers to the property of a wave-propagating channel that makes  the received 

signal arrive via separate paths. By the word “channel” or “media," we mean everything 

between the source and the sink of a signal. The impetus of this study is to understand the 

dispersion mechanism in guided  and  unguided (multipath) dispersive media, ranging 

from  microwave frequency to optical frequency. Specifically, the dissertation studies 

three dispersive media for digital transmission: (1) the wideband wireless  channel; (2) 

chiral optical fiber; and (3)  superconducting microwave circuit.   

 

1.1 Time Dispersion in Wideband Wireless Channel 

 Recently, the spread spectrum-based code division multiple access (CDMA) is 

very important to cellular and personal communications, due to its characteristics, such as 

potential capacity, anti-multipath capabilities, soft capacity, and soft hand-off. The 
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performance of  wideband wireless systems, like the CDMA systems, in cellular, mobile 

radio, indoor wireless communications, and personal communication services is mainly 

limited by the multipath fading. Therefore, effectively modeling the multiple paths or 

time dispersion is extremely important to the performance of the overall systems. 

 For a wideband system, such as a CDMA system, it is more convenient to 

characterize the signal channels as discrete delay channel models. The received signal 

typically arrives via  a number of different paths due to reflection, diffraction, and 

scattering within the medium. The wideband nature further complicates the channel 

modeling, due to the frequency selective nature of fast fading arising from the 

combination of the rapidly changing phases for each of the individual paths. This 

selectivity typically introduces  distortion. On the other hand,  in a wideband system, the 

time delays of the incoming signal  often lead to the intersymbol interference (ISI), which 

imposes a maximum limit on the system designs without resorting to approaches to 

overcome the distortion, due to the multipath effect. The widespread commercial and 

academic research interest in the wideband or even broadband wireless systems, such as  

PCS, digital cellular, mobile, etc.,  has resulted in the need for a more detailed 

understanding and characterizing of the radio propagation environments, due to the 

problems of fast fading and ISI. 

 A great number of  useful models have been studied for three decades in  mobile 

and cellular radio propagation modeling. These models can be broadly divided into two 

categories: simulation and prediction models. The simulation model is optimized for 

different environments as a mathematical model that agrees with the measured 

characteristics. On the other hand, a so-called prediction model is suggested to overcome 
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this limitation by some site-specific environmental description as an input to the model. 

In this study, we have made a trade-off  between the stochastic simulation model and the 

deterministic  prediction model, and suggested a novel model by incorporating the site-

specific information (frequency dependence of the individual rays) as an input. The 

frequency dependence of the individual rays  makes use of the similarity of  

environments. In addition, a novel Super-resolution technique named the Eigen-Matrix 

Pencil Method has been used to detect the paths in the multipath environments. This 

approach is superior to other Super-resolution algorithms such as Prony, MUSIC, 

ESPRIT, AR, and ARMA  for the current purpose. 

 In Chapter 2 we have suggested a novel discrete delay channel  model  for 

wideband systems, like a CDMA digital cellular system. This extended model 

incorporates the microcell site-specific information by including the frequency 

dependence of individual paths into the conventional model. The frequency dependence 

of the individual rays  makes use of the similarity of  environments. Then an approach 

that reduces the path delay  and frequency dependence to the complex poles of the 

measured or simulated signal, consisting of only complex exponentials,  has been 

adopted.  

 Further, in Chapter 3 a  new super-resolution algorithm called the SVD Eigen-

Matrix Pencil Method has been used to estimate the complex poles, and then the path 

delay and the frequency dependence.  To characterize the performance of  our approach 

to estimate the channel parameters from the measured or simulated data, a number of 

numerical results are given through the simulation of the two-path channel and the 8-path 

channel. 
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1.2  Modal Dispersion in Superconducting Microstrips 

 As computer clock rates and network switching speeds increase, the pulse 

propagation and distortion due to medium (frequency) dispersion in the microwave and 

millimeter-wave monolithic integrated circuits become essential to modeling the digital 

transmission  in  the systems for wireless, satellite,  automotive, and optical 

communications. Most importantly, the revolution of wireless communication has given 

rise to new demands for greater understanding of microwave and millimeter-wave 

monolithic integrated circuits (MMICs). Most of  the components for these systems can 

be modeled as the digital  transmission in a dispersive medium or channel. The medium 

could be optical or electrical. Recently, superconducting devices have found a number of 

practical applications in the MMIC technology. Unfortunately, some of the issues arising 

from the superconductivity are not understood due to the dearth of the available tools to 

model the superconducting thin-film.  In this study, we  have attacked those issues from 

two angles.  Firstly, an accurate analysis of the superconducting planar circuits, such as 

microstrips and coplanar transmission lines,  is absolutely necessary for any MMIC 

devices and systems. Secondly,  the pulse propagation and distortion due to dispersion in 

the MMICs is essential because of  the overwhelming demand for digital transmission in 

the communications and computer industry. 

 In this study, we have proposed a novel full-wave analysis based on the Complex 

Resistive Boundary Condition (CRBC) and Varitional Principle to model the 

superconducting MMICs. For description convenience, the microstrip line is used as an 

example.   The theoretical basis of CRBC is the fact that the effect of the High 

Temperature Superconductivity (HTS) on a thin film can be accounted for by considering 
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an infinitesimally thin current sheet with an appropriate impedance when the thickness of 

the strip is not too large compared with the penetration depth. In this way, the three-

region problem of the superconducting thin film is reduced to the two-region problem. In 

the conventional CRBC method, the current sheet is placed directly on the interface 

between the substrate and superconducting slab. This approximation implies that the 

current concentration is on  such an interface; however, this is not true, especially when 

the thickness of the slab is not negligible. The effective current sheet should be located 

somewhere within the superconductor slab. Fortunately, from the varitional nature of the 

problem, we know the two results obtained by placing the current sheet at the top and 

bottom boundaries represent approximately the upper  bounds and lower bounds, 

respectively, of  the true solution. Therefore, an appropriate “varitional average” using 

these two bounds can result in an excellent approximation of the true solution. Thus, the 

applicable range of the CRBC concept can be extended by incorporating the varitional 

nature of the solution.   

 Signal distortion in these planar circuits is mainly attributed to two factors: a 

frequency-dependent propagation velocity  due to modal dispersion, and a frequency-

dependent attenuation due to substrate loss, radiation, etc. We first solve for the 

propagation constant through a full-wave analysis based on the Complex Resistive 

Boundary Condition and Varitional Principle average, which is described in Chapter 4. 

This method is simple, general, and accurate. It is valid for a large category of methods, 

such as the method of moments, the spectral domain approach, the method of lines, etc. 

Secondly, to obtain the closed-form expressions of the pulse distortion in the time 
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domain, we fit our frequency-domain  results from the full-wave analysis into a widely 

used formula. 

 In Chapter 4, the variational approach is used to improve the numerical accuracy 

and to extend the applicable parameter (strip thickness) range of the CRBC. The 

normalized phase velocity, the characteristic impedance of the microstrip line and the 

unloaded quality factor of the microstrip resonator are reported numerically.  Our 

numerical results are compared with the analytic solution of a parallel plate waveguide 

and the experimental results of a microstrip resonator. 

 In Chapter 5, we have developed a formulation of  the pulse propagation in the 

MMICs for both normal conductor and superconductor structures. A Gaussian pulse is 

used to illustrate the idea. The normalized dispersion parameters and the r.m.s. pulse 

width are introduced to quantitatively characterize the pulse propagation and distortion. 

Our methods have several advantages over traditional method in which just the pulse 

shape is used to characterize the pulse propagation: (1) when several independent effects 

like dispersion, attenuation, radiation, etc. leads to pulse spreading, the overall pulse 

width can be obtained from the sum of the r.m.s. widths that each effect causes 

independently; (2) closed-form formulas have been derived; the geometric configurations 

and dimensions as well as  the substrate parameters are quantitatively related with the 

pulse distortion; more physical insights can be obtained; (3)  the results calculated by the 

full-wave analysis can be used to improve the modeling through the empirical formula; 

our formulation is very suitable for CAD use. 

  

1.3  Dispersion in Chiral Optical  Fiber 
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 With the rapid increase in demand for communicating massive amounts of data, 

fiber-optic systems will play an ever-increasing role in complementing traditional radio 

frequency (RF) systems, like wireless systems. For fiber-optic systems, one of the goals 

of past and current research is to combat dispersion in the fiber and extend the dispersion 

limit.  The fiber loss feature has already reached its bottom limit set by Rayleigh 

scattering. In addition, with the introduction of the erbium-doped-fiber optical amplifier, 

the fiber loss is no longer a limiting factor to realize long distance optical fiber 

communication. Therefore, dispersion, including waveguide and material dispersion, of a 

fiber becomes an essential issue for both academic and industrial investigations. In this 

study, we have proposed a novel optical fiber using chirality to change the dispersion of 

the fiber. We found that the propagation constants, group delays, and waveguide 

dispersions of guided waves in optical fibers, can be changed drastically by adding 

chirality to the fiber core. 

 Chirality or optical activity, known in optics after Argo (1811) and Pasteur (1848) 

is a geometric notion.  It seems that the terminology "optical activity" is widely used in 

optics; while "chirality" is used in electromagnetic engineering. The optical active or 

chiral media are found to cause a rotation of  the plane of polarization of linearly 

polarized light or waves passing through them. In optics, a lot of substances are now 

known to exhibit optical activity or chirality. Among those are quartz, cinnabar, sodium 

chlorate, turpentine, sugar, strychnine sulfate, tellurium, selenium, and silver thiogallate. 

 In Chapter 6, we studied the theoretical formulation and basic properties of the 

proposed novel chiral fiber. We have found that adding chirality to the optical fiber 

possess unique features and can modify fiber properties efficiently and conveniently. 
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First, the modes with positive and negative azimuthal variation number  bifurcate with 

chirality. Second, the modal phase constants increase as the chirality increases. For 

sufficiently large chiral admittance the phase constant is much greater and more sensitive 

to the frequency variation than its achiral counterpart. 

 In Chapter 7, we extend the discussion to examine various kinds of chiral fiber 

properties like the normalized propagation constant, the effective group index, the 

normalized first-order waveguide dispersion, and the effect of changing the radius or the 

refractive index of the chiral core. New features are observed and more physical insights 

are provided in the study of the step-index chiral fiber. These features and insights 

possess practical and important potential applications. In the study, we use normalized 

parameters so that the obtained results are valid for a class of chiral fibers and will not be 

limited to a specific set of geometric and material parameters. In the conventional fiber, 

the effective group index for a pulse of a guided mode is determined by a mixing of the 

core and cladding indexes weighted by the power distribution in the fiber. This concept 

can also be employed in the chiral fiber analysis. Thus, for pulse propagation, we show 

that a chiral fiber can be practically regarded as nothing but a conventional fiber with 

equivalent refractive and group indexes. The chirality acts as a new additional material 

parameter to determine the fiber properties. From this prospective, the complexity due to 

chirality is considerably simplified and its mechanisms can be readily employed for 

practical engineering design. We use chirality for improving and controlling the channel 

dispersion property so as to enhance the data rate or channel capacity. Numerical 

examples demonstrating the effect of chirality on pulse propagation in a step-index fiber 
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are shown. The effect is proven to be relevant to future high speed digital transmission 

systems. 

  

 Finally, concluding remarks are made in Chapter 8. The references in one chapter 

are independent of those in another chapter. They are separately listed and reviewed in 

the beginning  of  each chapter and  credit is given to others there, so we omit all the 

references in Chapter 1. In writing each Chapter, we try to make it  self-contained, since 

the materials in some chapters are  greatly different from each other. Although there is 

only one focus (medium dispersion) in this dissertation, we cover three topics: (1) the 

wideband wireless  channel modeling (Ch. 2-3), (2) superconducting microwave circuits 

(Ch. 4-5), (3) chiral optical fiber (Ch. 6-7). 

 

 

 

 


