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Abstract: The development of novel systems and devices for high speed communications, interconnects and signal processing are
critical for next generation information based economies. Lightwave technologies offer the promise of high bandwidth connectivity from
component development that is manufacturable, cost effective, and electrically efficient. The concept of optical frequency/wavelength
division multiplexing has revolutionized methods of optical communications, however the development of optical systems using 100’s of
wavelengths present challenges for network planners. The development of compact, efficient optical sources capable of generating a
multiplicity of optical frequencies/wavelength channels from a single device could potentially simplify the operation and management of
high capacity optical interconnects and links. Over the years, we have been developing mode-locked semiconductor lasers to emit
ultrashort optical pulses at high pulse repetition frequencies for a wide variety of applications, but geared toward optical
communications using time division multiplexed optical links. The periodic nature of optical pulse generation from mode-locked
semiconductor diode lasers also make these devices ideal candidates for the generation of high quality optical frequency combs, or
multiple wavelengths, in addition to the temporally stable, high peak intensity optical pulses that one is accustomed to. The optical
frequency comb enables a variety of optical communication and signal processing applications that can exploit the large bandwidth and
speed that femtosecond pulse generation implies, and achieve the promised aggregate speed by spectrally channelizing the bandwidth,
and using lower speed electronics for control of the individual spectral components of the mode-locked laser. This presentation will
highlight our recent results in the generation of stabilized frequency combs, and in developing photonic device technologies and
approaches for filtering, modulating and detecting individual comb components. We then show how these technologies can be applied
in signal processing applications such as arbitrary waveform generation, arbitrary waveform measurement, synthetic aperture imaging
and matched filtering for pattern recognition.
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