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Abstract: Four decades on from the pioneering first steps at Bell Labs, microphotonics is at a transition from
a few components to large-scale integrated systems on chip. In the near term, this means substantial
improvements at a system level to complex electronic systems — through integration with relatively simple but
efficient photonic systems. But in the longer term, it also means complex passive, active and nonlinear
photonic structures with novel functions will become practical and may enable a new generation of integrated
systems-on-chip.

In the first part of my talk, | will describe photonic device designs within advanced-node CMOS micro-
electronics technology that enabled millions of transistors and thousands of photonic devices to coexist for
the first time, and produce efficient electronic-photonic systems including record-energy optical transmitters,
receivers and links, and the first microprocessor with photonic 1/0.

In the second part of my talk, | will use this VLSI photonics concept as a springboard to talk about photonic
device concepts that expose and address fundamental challenges and apparent limitations in optical signal
processing. | will talk about the “dark state laser” concept that leverages imaginary coupling, a new type of
coupling mechanism, to enable compact, tunable lasers; the fundamental limits of modulators and breaking
their speed-energy tradeoff; and the “entropy pump”, a nonlinear photonic device designed to passively
manipulate the coherence of light, and, for example, denoise a laser with high efficiency. These devices
enable new capabilities for a next generation of optical signal processors.
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