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High speed optical communication devices operating at a bit rate beyond 40 Gb/s have been developed extensively so far primarily using the combination of conventional photonic and electronic device elements. However, future network demand will soon require a system throughput exceeding 100 Gb/s, and this will need novel photonic devices based on novel materials and device principles. Quantum dot materials are expected to play a critical role in this direction due to their fundamental advantages in high linear- and nonlinear-optical gain and high-speed response originated from the sharp electron density of states in three-dimensional quantum confinement. Although basic device demonstrations have been reported on lasers, semiconductor optical amplifiers (SOAs) and all-optical modulators and switches using GaAs- and InP-based quantum dot materials, further research and development on material growth and device fabrication technology are necessary for their applications in real world. [1] 
This presentation covers recent development of nano-structured semiconductors, in particular, quantum dots for the application to ultrafast photonic communication devices and also future quantum devices. We focus on the basic issues related to quantum dot application to practical photonic devices such as SOAs.  Requirements of material growth include the extension of the edge wavelength into the communication band keeping the quantum efficiency sufficiently high and the elimination of polarization sensitiveness for real use. A variety of techniques are being examined for these targets.  We introduce our approach of stacking multiple dot layers for controlling the vertical inter-dot coupling so that the optical properties such as the emission wavelength, response time and polarization characteristics are controlled.[2] Recent results on the analyses of quantum dot growth mechanism and device performance including polarization properties of quantum dot SOAs are described. Further challenges of quantum dot application towards future quantum photonic devices are discussed.
[1] O. Wada, “Femtosecond All-Optical Devices for Ultrafast Communication and Signal Processing,” in Chi H. Lee ed., “Microwave Photonics,” CRC Press (Boca Raton, FL) 2007, Chapter 2, pp. 31-76.
[2] T. Kita, N. Tamura, O. Wada, M. Sugawara, Y. Nakata, H. Ebe, and Y. Arakawa, “Artificial Control of Optical Gain Polarization by Stacking Quantum Dot Layers,” Appl. Phys. Lett.Vol. 88, 211106, 2006.
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TOPICS

Please choose primary and secondary topics

A
Optical properties of materials


A1
General


A2
Crystals


A3
Polycrystalline bulk and film


A4
Amorphous and organics


A5
Nanostructures, including photonic crystals

B
Preparation and Characterization of Quantum Dots, Quantum Wires and Other Quantum Structures

C
Excitonic Processes

D
Luminescence, Phosphors, Scintillators and Applications

E
Photoinduced Effects and Applications

F
Photoconductivity and Photogeneration

G
Nonlinear Optical Effects and Applications
H
Electro-Optic Effects and Applications 


I
Glasses for Optics, Optoelectronics and Photonics (including ZBLAN, fluozirconate, oxyfluoride and other glasses)

J
Polymers for Optics, Optoelectronics and Photonics

K
Semiconductors for Optoelectronics 

J1
Semiconductors for Optoelectronics: Wide Bandgap

J2
Semiconductors for Optoelectronics: Narrow Bandgap

J3
Semiconductors for Optoelectronics: Heterostructures

L
Light Emitting Devices (including organics)


M
Photonic and Optoelectronic Materials and Devices (including devices for telecommunications, laser and detectors)

N
Optical Storage

O
Photovoltaics (materials and devices, and their properties)

P
Waveguides and Integrated Photonics

Q
Silicon Photonics

R
Optical Fibers and Fiber Sensors

S
Experimental Techniques

T
Femtosecond Spectroscopy

U
Teraherz (THz) techniques, including materials, emitters and detectors 

V
Defect Spectroscopy

W
Plasmons and Surface Plasmons

X
Selected Topics (e.g. Photocatalysts in Materials, Materials for Energy Conversion etc)
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