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Research contributions

Semiconductor optics and optoelectronics: His
extensive research in this field includes the discovery,
explanation, naming and device application of the
quantum-confined Stark effect [1] in semiconductor
quantum wells, which is widely and routinely used
for optical modulation in telecommunications. This is
part of a large body of work in optical processes in
semiconductors and quantum-confined structures [2],
including ultrafast phenomena and applications in
laser modelocking.

Optics in digital systems: His early work invented
and demonstrated several optical logic devices,
including highly functional and low energy quantum-
well self-electrooptic-effect devices [3] that enabled large system demonstrations [4]. His critical
analysis of this field [5,6] helped move the focus towards optical interconnect, where he
established the clear physical reasons and practical motivations for the necessary application of
optical interconnects for the scalability of digital processing [7,8], including key demonstrations
and definitive reviews [9,10].

Fundamentals of optics and waves: His creation of the communication mode (or singular-value
decomposition) approach to optics and waves generally [11,12] gives a clear counting and
definition of wave channels in and out of volumes and surfaces, resolving paradoxes of
apparently “infinite” numbers of channels, revealing new physical laws and limits in optics, and
extending diffraction theory to arbitrary volumes and shapes. It is seeing increasing use in optics
and wireless communications, including recently showing why optics needs thickness [13].

Complex and controllable photonic circuits: He introduced the idea of universal linear optical
machines [14], both as a theoretical construct for fundamental optical physics in proving new
laws, and showing practically how any such machine could be constructed from two-beam (e.g.,
Mach-Zehnder) interferometers, arguably starting the field of programmable silicon

photonics [15] for applications in optics itself. His algorithms and architectures are enabling
innovative self-configuring complex photonic systems for communication through arbitrary
optics [16—18] and for novel analog programmable systems for information processing [18].
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