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Abstract

This project consists of three sub-projects.
The self-assembled InAs quantum dots (QDs)
growth mechanisms are investigated in the first
subproject by using the Atomic Force Microscopy
(AFM), Scanning Electron Microscopy (SEM) and
photoluminescence (PL). The growth mechanism
can be separated into three stages depending on
the InAs coverage thicknesses: First, when the
InAs thickness is too thin to form QDs. The
sprayed InAs material forms the thin film, i.e. the
wetting layer. (2) The InAs thickness is sufficient
to form QDs that are free from dislocations. (3)
With further increasing InAs thickness, the
neighboring QDs are coalesced to form 3D islands
with dislocations. The single QD’s shape is not
the simple pyramid-like but more complicated.
There are at least two facets on the surface of QDs.
The InAs/GaAs quantum dot infrared
photodetectors (QDIPs) with two AlGaAs barrier
layers are studied. The negative differential
conductance (NDC) is observed. The photovoltaic
effect of QDIPs with undoped QDs results from
the wetting layers of QDs, which cause the
asymmetrical band diagram at zero bias of the



QDIP.The single QD’s shape is not the simple
pyramid-like but more complicated. There are at
least two facets on the surface of QDs. The
InAs/GaAs quantum dot infrared photodetectors
(QDIPs) with two AlGaAs barrier layers are
studied. In the second subproject, we designed and
fabricated an infrared photodetector with two
superlattices separated by a blocking barrier. Our
detector is capable of multi-wavelength operation.
The spectral responsivity of our photodetector is
switchable by the bias polarities and is tunable by
the bias magnitude. In addition, our detector is
insusceptible to the variation of the operational
temperature. These show the structure is very
appropriate to realize multi-wavelength infrared
photodetector.In the third sub-project,
quasi-phase-matching (QPM) techniques used in
the nonlinear optical wavelength conversion are
studied. @We developed tapered-waveguide
semiconductor laser amplifiers for high-power
tunable semiconductor lasers to replace
conventional bulky lasers used in the nonlinear
wavelength conversion applications. Then we
fabricate the periodic-poled-Lithium-

Niobate devices used for quasi-phase-matching by

one direction heated proton exchange. The

generation of mid-IR radiation by quasi-phase

-matching  difference  frequency generation

pumped by high power semiconductor lasers are
developed successfully. In addition, we had
developed mathematical model for simulating

nonlinear QPM wavelength conevrsion.
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The dopant at InAs QD is Si.
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B #: (a) The structure of the multi-wavelength infrared the estimated shot noise calculated with the dark
photodetector containing two superlattices and a current at 77 K. The dashed line indicates the
separating barrier. (b) The band diagram of the minimum resolvable noise of our measurement system.
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