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Abstract
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Communications via optical fibers support high-speed and high-bandwidth data and are not
interfered by external electromagnetic waves. Conventional binary intensity modulations as well as
traditional wavelength and time division multiplexing techniques, combined with direct
photodetection, do not satisfy current and future high-speed data transmission. Development of high
spectrally efficient transmission such as integration of wireless transmission in a radio over fiber
system can provide high data for a single fiber channel. In addition, the use of advanced modulation
formats by changing phase and intensity of lightwave, with coherent detection, is also of great interest
in 2010s. Impacts of noise, distortion causing errors in amplitude and phase of light, brought about
by characteristics of components in the system should be studied and reduced.

This research project consists firstly of creation of optical communication system models
and model testing including ligsht source, modulator and photodetector, for high frequency
modulation. Then the models are used to test the effect of parameters including component

responsivities and chirp parameter. The simulations show that with standard modulator chirp, error
vector magnitudes (EVM) for Tt/2-BPSK DQPSK D8PSK and D8QAM modulations are in increasing

order, especially in multi-amplitude formats. We have proposed a method to compensate for signal
errors by signal pre-compensation in digital domain before modulation. The compensation technique
reduces symbol errors so that all formats have similar EVMs. Differential phase modulation should

be chosen to take advantage of such compensation.

We have measured frequency characteristics of components that are used in the
experiments. Laser is the component with least bandwidth and requires equalization. Experiments
of amplitude and phase modulated signals in radio frequency domain using WLAN 802.11 signals. It
is shown that co-transmission of WLAN signal with other digital signals is feasible in fibers. The quality
of WLAN signals depends on signal to noise ratio, where the quality and power dynamic range may
be increased by boosting power. Additionally, in experiments of optical digital modulated signals in
lishtwave domain, we use cascaded phase and amplitude modulation. In this case, laser frequency
response should be compensated by pre-digital signal processing in the signal generation stage. In
addition, post-digital signal processing after coherent detection such as phase estimation is required
to demodulate signals. DQPSK signals have been used in experiments where digital processing

techniques enable correct signal detection.
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