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(ABSTRACT)

In digital communication systems, several types of impairments may be

introduced to the signal. These impairments result in degraded system performance; for

example, high bit-error-rate or power penalty. For optical communication systems, in this

thesis, these impairments are categorized into four types; that is, thermal noise, shot

noise, signal-dependent noise, and intersymbol interference (ISI). By using a Gaussian

approximation, effects of the first three impairments are analyzed. It is shown that signal-

dependent noise introduces an error floor to the system and the bit-error-rate is

considerably degraded if a nonzero-extinction ratio is applied to the system.  It is shown

that if the decision threshold at the decision circuit is set improperly, more received

power is required to keep the bit-error-rate constant.

Three main components in the system (i.e., transmitter, optical fiber, and receiver)

are modeled as Butterworth filters. ISI from this model is determined by computer

simulation. A high ISI is from a small system bandwidth. It is shown that a minimum

power penalty can be achieved if the transmitter and receiver bandwidths are matched

and fixed, and the ratio of fiber bandwidth to bit rate is 0.85. Comparing ISI from this

model to ISI from raised cosine-rolloff filters, it is shown that at some particular

bandwidths ISI from raised cosine-rolloff filters is much lower that that from this model.

However, if the transmitter and receiver bandwidths are not matched and are not equal to

these bandwidths, ISI from this model is lower than ISI from raised cosine-rolloff filters.
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1.0  Introduction

In communication systems, there are three main components; that is, transmitter,

channel, and receiver. To send information from one place to another these components

are combined together, each has particular functions. First, input information is passed

through a transmitter to transform into an appropriate format for sending through a

channel. The channel then carries the transmitted signal from a transmitter to a receiver.

There are many kinds of channel; for example, a telephone line, an optical fiber, and free

space. At a receiver, a received signal is detected and converted back to its original

format. Some signal processings may be added at the transmitter and/or the receiver to

improve system performance.

For optical communication systems, the three main components are optical

transmitters, optical fibers, and optical receivers. The main function of optical

transmitters is to convert an input electrical signal into an optical signal and then launch it

into an optical fiber. The major component of the optical transmitters is an optical source,

which is generally divided into two types; that is, light-emitting diodes (LEDs) and

semiconductor lasers. An optical fiber acts like a channel of the system. The optical

signal launched from the optical transmitter propagates along the optical fiber to an

optical receiver. The main component in an optical receiver is a photodetector. This

component will convert the received optical signal into a photocurrent. This current is
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then sent to an electrical amplifier and a decision circuit for receiving the transmitted

information.

Along these components, many types of impairments are added to the signal. These

impairments result in a fluctuation to the signal; thus, the statistical properties of the

signal are changed. In this thesis, the impairments are categorized into four types; that is,

thermal noise, shot noise, signal-dependent noise, and intersymbol interference. Thermal

noise arises from the random movement of the charge carriers in electronic devices in the

system. Thermal noise is modeled as a Gaussian random process [1]. This noise is the

major limitation for a system using p-i-n photdetectors.

Shot noise is the quantum noise due to the fact that the received signal is actually a

series of photons [3]. The number of received photons during each bit period varies

randomly from one bit to another bit, and is Poisson distributed. This random nature of

received photons leads to a fluctuation on the photocurrent; thus, shot noise. Some

experimental measurements of shot noise have been performed by Bachor [6], Bacon et

al. [7], and Tsai and Liu [8]. In [7], Bacon et al. have shown that the power of shot noise

is proportional to the received optical power.

Signal-dependent noise is divided into three types; that is, modal noise, mode

partition noise, and relative intensity noise. Modal noise is from the interference among

the various propagating modes in a multimode fiber. This interference results in a time-

varying speckle pattern at the end face of the fiber; hence, a fluctuation on the received

signal. In [9] to [16], the effects of modal noise on the system performance have been

studied. Hjelme and Mickelson [10] and Das et al. [13] have shown that microbending

and fiber misalignments can enhance modal noise and reduce the signal-to-noise ratio of

the received signal. The effect of a longitudinal gap between two multimode fibers on

modal noise has been studied by Das et al. [12]. In [15], it has been shown that modal

noise can lead to a bit-error-rate floor to the system.

An intensity fluctuation among the longitudinal modes of a multimode semiconductor

laser and different propagating velocities caused by fiber dispersion result in a fluctuation

of the signal at the receiver end. This fluctuation introduces a noise called mode partition

noise. This noise has been measured experimentally by Okano et al. [17] and Ogawa et

al. [19]. The measurements indicate that mode partition noise causes degradation of the
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