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* Demonstration of growth of InAs, InSb and GaSb quantum structures like quantum
dots and quantum rings embedded in various kinds of host materials

¢ Perform a multilateral study of artificial metamaterials made from semiconductor
nano-objects

* Understand and control electrical, magnetic and magneto-optical properties of
systems of semiconductor nano-objects combined in semiconductor
nano-structured metamaterials

* Develop quantitative description of new metamaterials built from semiconductor
nano-objects including quantum and optical non-locality effects

* Perform and develop ellipsometry measurement, direct magnetism measurement
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and optical study with SNOM for the metamaterials in the cryogenic system

* Development of integrated QD laser and photonic crystal structure for slow light
devices

* Ateam of researchers who have substantial research experience in their respective
fields and have a demonstrated commitment to collaborative research

* Strong support and commitment from the Center of Nano Science and Technology
at the National Chiao Tung University to support the research needs of this
program
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1.“High quantum efficiency dots-in-a-well quantum dot infrared photodetectors with
AlGaAs confinement enhancing layer”, Applied Physics Letters 92, 193506, 2008

2.“Magneto-optics of layers of triple quantum dot molecules”, physica status solidi C
(2008)

3.“Ballistic Aharonov-Bohm quantum bits and quantum gates”, Solid State
Communications 145, 447 ( 2008)
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6. “Unusual diamagnetism in vertical asymmetrical quantum dot molecule”, Physical
Review B (2008)
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Continuing our earlier success, we have two great breakthroughs in this year; one in
the design and fabrication of dot-in a-well QDIP detectors with unprecedented
performance, the other is design of an architecture to perform quantum computation.
A thin AlGaAs layer was inserted on top of InAs QDs as a confinement enhancing
layer. This enhanced confinement effect greatly increase both the absorption quantum
efficiency and the escape probability. As shown in Fig. 1, the peak responsivity of the
confinement enhanced (CE-DWELL) sample is then elevated by over 10 times in the
whole bias region. Besides, the spectral response is still located at long-wave infrared
atmospheric transmission window. Our design is thus a promising result for the
implication on long distance sensing.

We proposed an architecture to perform quantum computation, using ballistic
electrons as qubits and coupled quantum rings as quantum gates. The phase
modulation of the wave function of the ballistic electrons under the Aharonov-Bohm
effect is carefully designed to facilitate reprogrammable and dynamically controllable
quantum gates.
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Fig.1 The voltage dependence of the peak responsivity of the CE-DWELL sample and
the conventional DWELL sample at 77K. The inset shows the responsivity spectra of
the two samples at -1V and 77K.
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Fig. 2 Schematic diagram of the proposed architecture for quantum computation. Two
pairs of parallel 1D quantum wires represent two qubits connected to two pairs of
quantum rings, each of which stands for a single-qubit quantum gate. The upper pair
demonstrates segments of the 1D quantum wave guides. The tablets in the rings are
single-domain nano-sized magnets (the arrows indicate their magnetization), and the
cantilever (for clarity reasons only one is shown) is used as a read-write head to
monitor/control the magnetization.
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Some of the research results have been published in top international journals. The
performance of our DWELL QDIP devices has surpassed those designed by the other
leading research groups in the world. Compare with the conventional DWELL QDIP,
the quantum efficiency of our devices have increased more than 20 times and its
detectivity is about an order of magnitude higher at 77 K.

The universality of the Aharonov-Bohm quantum gates allows for post-fabrication
reassignment of gate functionality, contrary to those previous proposals using ballistic
electrons as qubits. Arbitrary single-qubit quantum gates with high fidelity can be
constructed on the basis of our proposed architecture. Flux-providing nano-sized
magnets in our architecture serve as a demonstration of the potential to incorporate
external magnetic fluxes as additional dynamic factors in the design of quantum logic
circuitry.
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Providing information for researchers in the infrared detector, quantum
computation, metamaterials and integrated optics and stimulate related research
topics. Building research standards and improve academic exchange with the
international community.
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Appling semiconductor nanostructures on QDIP and quantum computing devices
to fabricate and improve the device performance and to develop novel quantum
computing elements.
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Incubating human resources in the related research area. Promoting technology
development and multi-disciplinary integration to become international
competitive.
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Stimulating the related optoelectronics, material industry development, the
system integration and improving the technology.



