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[ Ab-initio design methods for selective and efficient optomechanical control of
nanophotonic structures |
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The objective of my thesis was to develop methods and techniques to better understand and tailor
optical forces between photonic waveguides by studying the relationship between the behavior of
such forces and the morphology of the photonic system. In practice this implies an increased ability
to control the position and vibrational modes of nano-mechanical systems via optical forces.

This is not only an important step toward the development of simple MEMS devices based on
such interaction but the increased flexibility of such effect should allow the realization of novel all
optical photonic devices. Throw-out my PhD | developed simple and intuitive methods that can be
used to describe and predict both magnitude and direction of optical forces between( but not limited
told] parallel waveguides which can be used to increase our ability to control the forces acting
between them. This methodology allowed us to find structures which could be used to induce
repulsive optical force at all separations as well as trapping effect under conditions that could be
controlled dynamically; examples of which are shown in Figs. 1 and 2.

(1) Y=even, Z-even (2) Y-even, Z-odd (3) Y-odd, Z-cven (4) Y-odd, Z-odd

S0 PO 1T
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o
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(1) Yodd-Zeven ;:‘

20 e “ (2) Yodd-Zodd ;i

Wav c;_'liith: SI.‘F:IT:I“I:]I :.\;m :i::::i:;-tz;;: 5-
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Figure 1. The geometry in inset shows Figure 2. The geometry in inset is an
repulsive optical forces (F>0) for all example where optical forces form a stable
separations trapping potential at dz/a =0

Finally the same technique can be used to design structures in which the mechanical and optical
mode are mode-matched, thus promising novel methods to drive the optomechanical interactiori] Fig. 3[]

x
(a) | di(y)=A()xa

Free region

Figure 3. a) Proposed geometry profile.
b) expected force distribution along the y-axis.
¢) structure dispersion diagram
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[Normalization and Similarity Recognition of Complex Predicate Phrases Based on
Linguistically-Motivated Evidence]
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[Studies on Functional Magnetic Resonance Imaging with Higher Spatial and
Temporal Resolutions]
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[Fundamental Study on Carrier Transport in Si Nanowire MOSFETs with Smooth

Nanowire Surfaces]
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[ Effects of Potential Modulations on Optical Gain Properties in InGaN-based Green
Laser Diodes]
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Recently, the demand for green laser diodesd LDs[] has increased remarkably due to their use in
several applications such as full color display, medical applications, and etc. Up until 2008, it was
difficult to fabricate green LDs using Ill-nitrides since their threshold current densities increase
significantly due to strain induced piezoelectric polarization and inhomogeneous broadening by tail
states in the InGaN layer.[] Those two effects were defined as “potential modulations” in this thesis.]
By the efforts of several leading researchers, the green LDs have successfully been fabricated with
InGaN-based quantum wellstd QWSs[ on the {20-21} semipolar crystal plane for the first time, and then
followed by theld 00010 polar plane.

In this thesis, above two major potential modulations in both the {20-21} and 00010 LD structures
are systematically studied by using optical characterization methods such as time-resolved
photoluminescencell TRPL[ confocal nanoscopic PL mapping, and scanning near field optical
microscopyd SNOM[]

For the semipolar LDs, a significantly reduced carrier recombination lifetime was confirmed. This
observation suggested a smaller internal electric field and consequent greater overlap integral
between electron and hole wavefunctions than in conventional green LDs on polar plane. Then
SNOM results show very uniform luminescence as displayed in Fig. 1. Both of them may contribute
to the increase in the material gain.

For the polar LDs, suppressed inhomogeneity was confirmed. Such a uniform luminescence
property is owing to the improved epitaxial technology of InGaN layers and analyzed by confocal PL
mapping as shown in Fig. 2. Furthermore, it was experimentally revealed that a thinner QW
effectively avoided the influence of the polarization induced electric field, even though it was
stronger than in conventional one due to a higher In composition to compensate for the reduced well
width. Again, those improvements contribute to the gain increase.

Optical gain properties of both green LDs were successfully assessed by the Hakki-Paoli's method.
The material gain, optical confinement factor, and internal loss were evaluated. It was demonstrated
that competition among them determines the lasing properties.

I acknowledge Sumitomo Electric Industries and Nichia Corporation for providing state-of-the-art
green LDs.
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Figure 1. SNOM-PL intensity mapping of Figure 2. Confocal nanoscopic PL (a)
an InGaN green QW on the semipolar intensity and (b) wavelength mappings
{20-21} plane. of a polar (0001) green InGaN QW.
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[Emission Mechanisms in Al-rich AlGaN Quantum Wells toward Deep Ultraviolet
Light Emitters by Electron Beam Pumping]
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[Hybrid photonic systems consisting of dielectric photonic crystals and plasmonic
meta-atoms for nanoscale light manipulation]

T 26 £3 A 24 ARG

This dissertation is a summary of the research results of hybrid photonic systems for achieving
nanoscale photonic functionality. Here, we proposed a compact and functional photonic system by
constructing hybrid photonic platform based on a dielectric photonic-crystall] PCL nanocavity and
metallic meta-atoms. Specifically, we used local interactions between the nanocavity and meta-atoms
that allow the excitation of not only electric but also magnetic resonance, which can extend current
capabilities of photon manipulation techniques with a large degree of freedom.

The key results that we obtained are as

follows: First, we designed a hybrid @ pecipone 2 Sl
photonic platform which has an %Zg bCCrshR *\ PCCHBAR | -
intermediate layer(] low refractive index 3 5ol H3 / %
material such as SiO.[J between Si-based § 40 \ ; \\ g
PC cavity and meta-atoms, and obtained g0 \ :5:
manageable interaction strength by g?g P | s

3 H Large

resonance matching.

Second, we investigated cavity meta-
atom response as shown in figure 1.  Figure 1. (a) Geometric configuration of PC cavity
Important interaction features are  meta-atom system. Overlaid filed profiles indicate
achieved here as a function of position  electric/ magnetic mode of PC cavity. (b) Experimental
with respect to meta-atom’ s resonance Q-factors as a function of meta-atom position and type

A(Ey]) B(H,®) C(Ey] )D(H ®)

PCC E, profile

type. By observing cavity qualityd QO
factors in composite systems, sub- (a) (B) without Zwavepate  (€) with 2 wavepate
wavelength scale interaction localities Type A 4, = 1556nm
were observed. 4 -
Third, we devised a new photon
manipulation method based on cavity
meta-atom response and experimentally ‘
demonstrated ability of nanoscale A, = 1556mm RHC
polarization controls such as left-hand/ : " :
right-hand circular polarization from
nanocavity as shown in figure 2.
We expect this approach can be
applicable to any type of cavity modes  Figyre 2. (a) Fabricated samples for each type A, B.
and also can extend to photonic band  Each meta-atom is located at electric/magnetic anti-
edge modes in photonic slab structures node position, and type A and B has mirror symmetry.
for the versatile applications such as  (b) Observed polar-intensity diagram without quarter-
optical sensing, laser beam patterns in  Wave plate. (c) with quarter-wave plate
THz or even visual range keeping a selective locality for each meta-atom.
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[ Studies on Annotated Diverse Corpus Construction and Zero Reference Resolution
in Japanese]
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[Study on Edge Fluctuation of Supersonic Molecular-Beam Fueled Plasmas Using
Langmuir probes and Fast Cameras in Heliotron JJ
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Edge fluctuations in a supersonic molecular-beam injection] SMBI fueled plasma in Heliotron J
have been studied using a combination of an electrostatic probe array and a high speed frame-rate
video camera.

The local plasma fluctuations and fluctuation induced particle transport before and after SMBI
have been analyzed. In a short duration] ~4°ms{ just after SMBI, the low frequency broad-band
density fluctuation increased, and its probability density

functiond PDFO changed from a nearly Gaussian to a 0.1 p——

ositively skewed non-Gaussian one. This suggests — 221.9ms |
POSITIVETY a9 g o % o
intermittent structures were produced due to SMBI. Also the =005 D:'Ctnllij
fluctuation induced particle transport was greatly enhanced 1:? i
during this short duration. After this short duration, the low (a) !
frequency broad-band density fluctuation decreased, and the 0 Ve wp Climb
PDF return to a nearly Gaussian shape. Compared with S =
normal gas puff fueling case, the degradation period of ' < 0.02 : EF'D
.p|c’flsm6.1 stored energy Wy is ve.ry short due to the.short pl.J|S€ = m : ':th
injection of SMBI. After this short degradation period, %0.01 i d:Fb
fluctuation induced particle transport was reduced and Wy ~ (o) i

. . - 1

star.ted the chrn_bmg-up phase. This means.the short effect 815 550 005 230 235
period of gas injection to the edge fluctuation would be an time/ms

advantage of this novel fueling technique.

In Heliotron J, a high speed frame-rate speed video camera
viewing perpendicularly plasma captured filamentary
structures along the field line in the edge plasma density
fluctuations. The characteristic dynamics of such filamentary
structure was revealed just
after SMBI in the consecutive
images. To overcome the line-
integration effect of the camera
observation, an electrostatic
probe has been combined to get
the radial span of the density
fluctuation structures observed
in camera images. With this
technique, we have inferred that
the outmost edge of a 20-30°kHz
density mode is at about 10°mm

FIG. 1 Time trace of (a) density
fluctuation intensity in edge plasma
(b) fluctuation induced particle flux.
The dot-dash line in magenta
indicates the injection timing of SMBI.

T - )

Toroidal Direction fem

L]

118 120 122 124 126 128 130 132
fem

Fast

Mhiect Lense |:> Snapshot of turbulence
camera

(a) (©)

outside of LCFS. This suggests
the combination of camera and
Langmuir probe is a powerful
tool for edge fluctuation study.

FIG. 2 Method for locating the turbulent structure in plasma (a)
Experimental setup, (b) A model of plasma turbulence structure,
and interactions between a probe and a plasma (PSI), (c) Snapshot
of the experimentally observed density fluctuation structures.
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[Investigation of artificial electromagnetic structures in terms of lattice symmetry
and self-complementarity |
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[Word Reordering for Statistical Machine Translation via Modeling Structural
Differences between Languages|
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The stand-by communication control unit 1 monitors if the active unit responds correctly to a TEI/ID check request based on the TEI value of the active unit.
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[Radio Resource Allocation Optimization for Cellular Wireless Networks |
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In a typical multiuser cellular system, different users have different types of services requirements,
which can be categorized into different classes, such as minimum target data-rate requirements,
desired quality of services[] QoS[] etc. Furthermore, because of the scarcity of wireless bandwidth
and transmitting power constraints, the resources need to be allocated judiciously among the users
to optimize the system objectives while meeting the users service requirements under various
constraints. Unfortunately, most of the times, the resource allocation optimization problems are not
convex. To achieve the optimum system objective, we need to be reliant on the global optimal
approaches, which are computationally very expensive, and are not applicable in practical
communication systems operating under stringent time limit. Furthermore, In channel state
informationd CSIC feedback based downlink precoding systems, in order to optimize the CSI
quantization efficiency, the feedback budgets of the users should be allocated optimally among the
partitions and respective channel quality indicator(] CQIO and channel direction indicator(] CDI
This work focuses on the radio resources] feedback budget, spectrum, powerJallocation optimization
in cellular wireless networks.

First, we consider the feedback budget allocation optimization problem, we proposed an efficient
heuristic approach quantifying the quantization mean-square-error measure] Q-MSEL For a given
feedback budget per user, the optimal number of partitions and the corresponding CQI and CDI
budgets are derived such that minimum Q-MSE is incurred. The applicability of our proposed
optimization approach in frequency-selective channel scenarios and in the systems with users having
diverse signal-to-noise is also discussed.

For the resource allocation optimization problem in multiuser orthogonal frequency division
multiplexingd MU-OFDML systems, we have considered several design objectives. An efficient
suboptimal resource allocation technique based on sequential parametric convex approximation
approach is proposed for a system aiming to optimize the weighted sum-rate under transmitting
power constraints. A more simplified approach for the same resource allocation problem is also
proposed, which is formulated as an optimization of an exponential function. Both of the proposed
solutions are fast, computationally less-complex and provably convergent. We, then, consider the
power minimization problem while meeting the users’ QoS for a single cell system. In particular, we
have proposed two efficient suboptimal solutions. The fist proposed approach is based on Lagrange
dual decomposition and, the second proposed solution is based on separating the subcarrier and
power allocation. Simulation results reveal that the performances of the proposed solutions are very
close to the optimal solution.

Finally, we study the resource allocation optimization problem that maximizes the sum-rate of a
single cell MU-OFDM system under transmitting power constraint with proportional data rate
fairness among the users. We adopt a two-stage optimization process and propose an efficient and
low-complexity suboptimal solution that separates the subcarrier and power allocation. The
simulation results show that the proposed solution has the best adherence to the desired proportional
data rate fairness while achieving the maximum system throughput when compared to the other
existing solutions.
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[Action History Volume for Spatiotemporal Editing of 3D Video in Multi-party
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