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Abstract

Novel Nanoelectronic and Nanophotonic Devices*

Somsak Panyakeow

The Semiconductor Device Research Laboratory, CoE Nanotechnology Center of Thailand
Electrical Engineering Department, Faculty of Engineering, Chulalongkorn University

High performance solar cells have been developed using quantum
nanostructures grown by molecular beam epitaxy (MBE). Thin-capping-and-regrowth of
guantum dots (QDs) is key process to create novel quantum dot molecules (QDMs)
which are laterally close packed nanostructures. InAs multi-stack quantum dot
molecules are inserted in the GaAs/GaAlAs hetero-structure solar cells. This
nanostructure solar cell gives broad spectral response at longer wavelength beyond the
band-edge of GaAs. It is found that IlI-V compound semiconductors with
nanostructures integration based solar cells are stable even being operated at high
concentration sunlight. However, the low open circuit voltage is remained to be
improved for higher efficiency of this new type quantum dot solar cell.

[1I-V compound semiconductors are used in most photonic devices, e.g. light
emitting diodes (LEDs), laser diodes (LDs) as well as photo-detectors. High speed and
energy efficient photonic and electronic devices could be realized by integration of
active quantum dots into the respective structures, such as quantum dot lasers having
the best record of lowest threshold current density, quantum dot transistors operating at
very high frequency. Quantum dots could be active layers in infrared detectors for night
vision, military and earth resource applications.

Various quantum nanostructures, such as aligned quantum dots, cross hatched
guantum dots, quantum rings, bi-quantum dots (x2), quadra quantum dots (x4),
guantum dot rings with octa quantum dots (x8) have been developed by several MBE
growth techniques, i.e. droplet epitaxy, quantum ring templates. Some of these quantum
nanostructures have potential to be quantum bits for future computation based on
spintronics and cellular automata. Electron spins could represent binary digital system
which works with reliable data. Data transmission by Coulomb repulsion of electrons
with negative charge could be conducted at very high speed and at low power
consumption in quantum cellular automata using quadra quantum dots in a line.
Inverters, logic gates, memories could be designed using aligned and cross hatched
guadra quantum dots. In addition, octa quantum dots give 3 logic values of “1”, “0” and
“+1/2” for more intelligent computation like human brain.

Novel nanoelectronic and nanophotonic devices are key inventions for our future
green and intelligent society.
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* The research works are supported by Asian Office of Aerospace Research and
Development (AOARD), US Air Force; Thailand Research Fund (TRF); Office of High

Education Commission (OHEC); Nanotechnology Center of Thailand (NANOTECH) and
Chulalongkorn University.
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