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The development of high speed communications interconnects and signal processing is critical for an
information based economy. Lightwave technologies offer the promise of high bandwidth connectivity from
component development that is manufacturable, cost effective, and electrically efficient. Most recently, 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. In addition, the potential for exploiting the coherent nature of
light opens the possibility for spectrally efficient communications and signal processing.

Modelocked semiconductor lasers emit short (<1 picosecond) optical pulses at high pulse repetition
frequencies (> 1 GHz) and can be utilized for a wide variety of applications, but are typically geared towards
time domain applications, e.g., optical time division multiplexed optical links, optical sampling, etc. It is
interesting to note that the periodic nature of optical pulse generation from modelocked semiconductor diode
lasers also makes these devices ideal candidates for the generation of high quality optical frequency combs, or
multiple wavelengths, in addition to the ultrashort temporally stable, high peak intensity optical pulses that one
is accustomed to. The optical frequency combs enables a variety of optical communication and signal
processing applications that can exploit the large bandwidth and speed that picosecond pulse generation
implies, however the aggregate speed and bandwidth can be achieved by spectrally channelizing the
bandwidth, and utilize lower speed electronics for control of the individual spectral components of the
modelocked laser. This paper will highlight recent results in using modelocked semiconductor lasers for
applications in networking, instrumentation and signal processing.

An example of the flexibility and utility of modelocked optical pulses/optical frequency combs in ultrahigh
capacity communications and signal processing is shown in Figure 1. This figure shows 3 possibilities of how
optical frequency combs can be used in: 1) analog or digital wavelength division multiplexed formats, 2)
ultrahigh speed optical time division multiplexed formats and 3) optical code division multiplexed formats. The
key aspects of this approach are to use the optical frequency comb source in three different modalities that
exploit the fundamental nature of phase coherent optical frequency combs. These salient features are: 1) the
short optical pulse duration generated (for OTDM formats), 2) the narrow linewidths and multiplicity of optical
frequency components (for direct and coherent detection analog or digital WDM formats) and 3) the spectral

phase coherence which will allow for frequency domain based coding techniques (for secure OCDMA formats).
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Figure 1. Schematic illustration of the use of optical frequency combs generated from a modelocked laser and their use in
high data rate communication links.

This presentation will highlight our recent results in using modelocked semiconductor lasers for applications in
networking, instrumentation and signal processing. We will show our recent results for ultrashort pulse generation,
low timing jitter pulse for sampling and metrology, optical frequency combs for coherent communications, and the
use of ultrafast semiconductor diode lasers for potential applications in nonthermal ablation and machining.
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