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Abstract

This short course provides an introduction to the core physics and materials science principles relevant to present-day research into silicon photonic materials and devices. The course begins with an overview of optical communications and charts the birth of micron-scale photonics from the meeting of the fiber optics and integrated circuit industries. The fundamental physics of light confinement, carrier generation and conduction are reviewed, followed by a detailed review of key passive and active devices. Applications in photovoltaics and bio-sensors are briefly reviewed as emergent research activities. The course concludes with an introduction to photovoltaics and an overview of emergent photonic activities for third generation solar cells.

The short course will be a five-day lectures series.

About the Speaker

    Professor Dr. Sajan Saini is a young, dynamic and brilliant scientist (of East Indian Origin) from Queens College, City University of New York, New York, U.S.A.  Professor Dr. Saini has had an exemplarily bright academic career throughout.  He earned his Ph.D. from the world-famous Massachusetts Institute of Technology (M.I.T.), Cambridge, MA, USA and after a brief postdoctoral assignment, he was hand-picked by Queens College, New York City, to be on their faculty, where is currently working.  An accomplished teacher and an ambidextrous researcher with equal adroitness in theoretical and experimental aspects, he has published a number of research articles in a diversified set of international journals of repute.  He is at the present also  co-authoring a book on Photonics and its Applications.  

Lecture 1

“Introduction to Silicon Photonics”

(Wednesday, August 11, 3:45 – 5:15 PM, after inauguration)

( Silicon Photonics: micron-scale dense integration of optical devices

- overview of optical communications and current drivers for dense WDM microphotonics

- optical confinement, electronic conductivity and materials constraints: thermal processing budget, CMOS materials, device size budget and hierarchy

( Optical & Opto-Electronic Physics Review: essential concepts for characterizing active and passive devices 

- electromagnetic boundary conditions and forms of waveguiding: index difference, slot, photonic crystal defect

- waveguide modes, group velocity & materials dispersion
- plasmonics: surface plasmon propagation constant
Lecture 2

“Waveguides & Mode-Engineered Devices”

(Thursday, August 12, 2:00 – 3:30 PM)

( Waveguides

- scattering and absorption loss mechanisms

- strip versus ridge waveguide

- amorphous Si waveguides, SOI waveguides

- silicon nitride, silicon oxynitride waveguides

- design rules for dense waveguide integration

( Mode-Engineered Devices

- turns and splitters

- polarization-rotator

- fiber-to-chip couplers

Lecture 3

“Resonators & Photodetectors”

(Friday, August 13, 2:00 – 3:30 PM)
( Resonators

- wavelength division multiplexing

- standing wave cavity resonators

- traveling wave ring resonators

- design rules for ring resonators

( Photodetectors

- Si versus Ge detectors

- Ge on Insulator detectors

- detector-waveguide integration

- design rules for photodetectors

Lecture 4

“Modulators & Lasers”

(Monday, August 16, 2:00 – 3:30 PM)
( Modulators

- plasma dispersion versus electroabsorption

- Mach-Zender Si modulator

- microring Si modulator

- Quantum-confined Stark Effect Ge modulator

- Franz-Keldysh Effect Ge modulator

- design rules for modulators

( Lasers

- monolithic integration of III-Vs on Si

- Si nanocrystals: a medium for net gain?

- ultra-high Q resonators: SiO2:Er laser, SiO2 Raman laser

- Si Raman laser
- integrated InP-Si hybrid laser

- post-CMOS hybrid laser: PbS quantum dots

- the case for a Ge laser

Lecture 5

“Applications in Third Generation Photovoltaics”

(Tuesday, August 17, 2:00 – 3:30 PM)
( Photonics for third generation photovoltaics

- overview: the case for solar energy

- quantum dots and nanocrystal scintillators

- two-dimensional photonic crystal scattering

This Lecture will conclude the Short Course.
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