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“KOU” No0.3472 Name Rahman Mohammad Rizwanur

Number

Thesis Title
Dynamic nuclear polarization of ?°Si nuclei using lithium related centers
in isotopically controlled silicon

Quantum computers (QC), if realized, can overwhelm the performance of conventional computers in a number of
calculational tasks. A hydrogenic donor in silicon is one of the most promising candidates as a fundamental
building block of QC referred to as a quantum bit (qubit) towards realization of future solid-state QC. Application
of donors as qubits requires in-depth understanding of their structural, electronic, and magnetic properties.
Moreover, control of their interactions with nuclear spinsin silicon matrix is needed.

The present thesis reports investigations of magnetic properties of lithium (Li) hydrogenic donor related centersin
silicon by electron paramagnetic resonance (EPR) spectroscopy and dynamic nuclear polarization (DNP) of host
#S using lithium related centers in isotopically controlled silicon. Lithium is the only non-substitutional
hydrogenic donor in silicon that forms a complex pair with an oxygen atom very easily. Thanks to its low
ionization energy and inverted ground state energy levels, long electronic spin decoherence time (T2) and short
electron relaxation time (T1) that are favorable for construction of QC are expected.

The present thesis is composed of six chapters. Chapter 1 is an introduction and 2 provides a literature survey on
lithium related centers in silicon. Chapter 3 provides basic principles of magnetic resonance. Chapter 4 discusses
EPR of lithium related center in silicon. Significant narrowing of the isolated Li EPR and additional hyperfine
structures of lithium-oxygen (Li-O) centers were observed in isotopically enriched %S single crystals.
Unexpected splitting was found reflecting the principal axis of the formally assigned trigonal g-tensor being 3°
tilted from <111> crystal axis, i.e., the g-tensor of the Li-O center actually has a monoclinic symmetry.
Furthermore splitting of “Li hyperfine lines into four components was observed at temperatures 3.5 K. These

findings provided accurate knowledge of EPR frequencies of Li related centers that are needed for high fidelity

- 69 -




operation of Li quantum bits in silicon. Chapter 5 reports dynamic nuclear polarization (DNP) of *Si nuclear
spins induced by saturation of EPR transitions of lithium-related centers. Both isolated Li and Li-O complex
centers showed strong EPR absorption lines in the temperature range 3.4-10 K and led to very efficient orientation
of %Si nuclear spins. The temperature dependence and time constant of °Si DNP are investigated in detail. The
%S DNP of 0.72 % was achieved at 3.4 K by excitation of the Li-O forbidden EPR transition under illumination,
corresponding to a ~352 fold increase with respect to the thermal equilibrium polarization. Possible strategies are
discussed to obtain >5% 2°Si DNP that is needed for realization of quantum computing. Chapter 6 provides

conclusions and outlook.
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‘KOU” No0.3473 Name Wang, Enyang
Number

Thesis Title
Load Transfer in Motor Vehicle Compartment Structures during Frontal Collision

To satisfy the requirements for high stiffness and lightweight vehicle bodies, it is necessary to
imagine the figure of the entire structure from the viewpoint of load transfer and load paths. The
parameters U* and U** have been introduced based on the internal stiffness and the internal
compliance to express the load transfer.

In the present study, the load transfer and load paths in motor vehicle compartments are studied
using indexes U* and U** at the initial stage of a collision. After obtaining the deformed body by a
dynamic crash simulation, indexes U* and U** for the extracted deformed body are calculated
statically. Since the main part of the compartment retains its linear elasticity to ensure the safety of
the occupants, the author points out that linear U* and U** analyses can be applied during the
initial crash stage, and develops a dynamic-static method.

For the study of a truck compartment, the author originally introduces a substitution modulus
method to reproduce the material and geometrical nonlinearities. The index "m2-4msU**" is
proposed as a sandard condition for the truck cab. The distribution of U* is compared with that of
U** and the characteristic difference between these indexes is revealed. It is shown that the main
member of this cab transfers the loading effectively, and the corners of a member play an important
role in the load transfer.

In the study of a passenger car compartment, a separation structure method is newly developed.
The front end and suspension parts are not atered from the actual body, but the material of the
compartment is assumed to have simple elastic property. The calculated U** distribution shows that
the floor member plays a paramount role in the transfer of the impact loading and the shearing force
in the floor panel distributes the loading to body sides. These results show the effectiveness of the
new methods that use U* and U** in vehicle crash analysis.

In Chapter 1, the research background and the objective of the present study are introduced.

Chapter 2 of this thesis contains a review of conventional load path theories covering internal
stiffness, indexes U* and U**, load paths, and histograms of U* sum and U**sum.

In Chapter 3, a dynamic-static method and substitution method are introduced and interpreted for
the analysis of truck cabs. Nonlinear properties can be expressed by introducing the substitution
modulus method. A separation structure method for a passenger compartment body is demonstrated.
Using these methods, U* and U** analyses can be applied smoothly to crash problems,

In Chapter 4, the calculation models for a truck and a passenger car are described. Boundary
conditions are also shown.

Chapter 5 focuses on the verification of the above approximate method in actual truck and
passenger car models.

In Chapter 6, the results of U** analyses for truck cab structures are shown. It is shown
numerically that the floor member and the floor panel play important roles.

In Chapter 7, from the comparison of U* and U**, the author shows that U*analysis is adequate
for flat barrier impacts, and U** analysis is effective for deformable barrier tests.

In Chapter 8, the histograms of U*sum are discussed to examine the entire truck cab together
with each path. The histogram of the main member has a sharp peak that shows a highly efficient
load transfer.

In Chapter 9, the histogram of U** sum are discussed to examine the passenger car compartment.

Chapter 10 summarizes the research findings and concludes the present study.
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Number

Thesis Title
Electrochemical Deposition of Nickel and Iron in Hydrophobic lonic Liquids

lonic liquids are expected as the alternative e ectrolytes for e ectrodeposition of various metals. However, the
mechanism of electrodeposition in ionic liquids has not been studied in depth. In this thesis, eectrochemical
deposition of nickel and iron was investigated in a hydrophobic ionic liquid, 1-butyl-1-methylpyrrolidinium
bis(trifluoromethylsulfonyl)amide (BMPTFSA) containing Ni(TFSA), or Fe(TFSA)..

Chapter 1 gave some backgrounds about electrodepasition, ionic liquid and the electrochemical deposition of
metals fromionic liquid.

In Chapter 2, electrochemical reaction of Ni(ll)/Ni was investigated in BMPTFSA. The Ni(ll) complexes,
presumably existing as [Ni(TFSA)z] can be reduced to metallic Ni. The diffusion coefficient of Ni(ll) became
larger with elevating temperature. The average activation energy for diffusion was close to that for viscosity,
indicating the diffusion of Ni(ll) is mainly determined by the viscosity of the ionic liquid. Chronoamperometric
measurements showed that the electrodeposition of Ni on Pt involved three-dimensional instantaneous nucl eation
under diffusion contral. It was found that the morphology of the deposits were related to the temperature, the
applied potential, the concentration of Ni(Il) in the el ectrolyte and the type of cations.

Chapter 3 presented the effects of additives on electrodeposition of Ni in BMPTFSA. Addition of acetonitrile or
acetone led to the changes in the coordination environment, the shift of the reduction potential to more positive
side and an increase in the diffusion coefficient of Ni(Il). The nucleation/growth process of Ni was not affected by
addition of acetonitrile or acetone. Addition of thiourea, coumarin or saccharin did not change the coordination
environment of Ni(ll) but change the nucleation/growth process of Ni. The overpotentials for Ni deposition with
these three additives were dlightly larger than that without the additives. The morphology of the Ni deposits was
affected by the presence of any additive. These results suggested both coordination environment of Ni(ll) and
adsorption of the additives are important for controlling the morphology of electrodepositionsin theionic liquids.

In Chapter 4, the Fe(Il) in BMPTFSA, considered to be existed as [Fe(TFSA)3] , can be reduced to crystalline
Fe. Addition of acetonitrile changed the coordination environment and the cathodic current density but did not
change the nucleation/growth process, which was three-dimensional progressive nucleation under diffusion
control. The crystalline Ni-Fe alloy can be obtained. The composition of the Ni-Fe alloy was dependent on the
deposition potential and the molar ratio of Ni(l1) to Fe(ll) in the electrolyte.

In Chapter 5, the metal nanoparticles (about 3 nm) were obtained by electrochemical reduction of Ni(ll) or
Fe(ll) in BMPTFSA. The size of Ni nanoparticles was reduced after addition of acetonitrile into el ectrolyte.

The results revealed that the BMPTFSA ionic liquid can be a promising e ectrolyte for the electrodeposition
of not only Ni and Fe alloys but other metals. The quality of the deposits can aso be improved by addition of

some additivein theionic liquids, as known in the agueous sol utions.
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Theoretical study on the f- f transition intensities of lanthanide trihalide systems
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Development of Brain-Computer Interface Based on Sensorimotor Function in Humans
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Damage Assessment of Shear Structures Based on Autoregressive Models and Substructure Approach

This thesis is devoted to improve the damage assessment measures that have been studied by many
researchers and to propose an effective damage detection scheme with as fewer sensors as possible,

especially for the large scale structures.

Firstly, the improvements on the damage assessment method based on autoregressive models are
proposed. To improve the noise immunity of this method, the distance measure of low-order AR models
is used as a damage indicator since its advantages in computational efficiency, emphasis of high-energy
frequency range, and less sensitivity to spectral peaks caused by noise. In addition, adaptive component
weighting is introduced to relieve the noise effect further. Moreover, a method to choose the optimum AR
order for distance measures is proposed to solve the problem that the order of the AR models and the
order determined by Akaike information criterion or Bayesian Information Criteria is not the optimum AR
order for the distance measure. The effect of varying the data length, number of parameters, and other
factors are also carefully studied.

Secondly, a substructure approach to local damage detection is proposed. Every substructure is
confined to one DOF, which can satisfy the identifiability of substructure easily. By cutting substructure
with overlaps, ARMAX models can be directly used to determine the modal information and detect the
damage. Substructure approach is to divide a complete structure into several substructures in order to
significantly reduce the number of unknown parameters for each substructure so that damage detection
processes can be independently conducted on each substructure. This method doesn’t need the
vibration measurements at all degrees of freedom.

Moreover, the identifiability of substructures for civil engineering structures is investigated, and a
structure division method is proposed to make the substructure identifiable when it is not strongly
system identifiable (SSI). To clarify the identifiability of the substructures, the substructures are classified
into three types. The structure is divided using the proposed structure division method, and then the
support vector machine (SVM) is applied for each substructure to detect the local damages.

Finally, the conclusion is given. The damage assessment based on autoregressive models and
substructure approach is proposed, and it can detect and localize the damage accurately. The use of the
substructure approach makes this method work efficiently in identification of large scale structures, and
moreover the damage detection processes can be independently conducted on each substructure.
Thus, it is also suitable for use in a parallel and distributed damage detection system.
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Development of a Biomimetic Tactile Sensor with Epidermal Ridges for Sensitivity Enhancement

This dissertation presents the fundamental knowledge in developing a tactile sensor by
mimicking the epidermal ridges structure of human, capable of precise force detection and
sensitivity enhancement. This study discussed the tactile perception of human and, in particular, it
focused on the features of epidermal ridges and Meissner corpuscles of human fingertip skin. The
study developed a micro-scale tactile sensor mainly comprising of elastic materials with a
ridge-structure surface and an array of strain gauges below the edges of ridges. With the proposed
tactile sensor, the sensitivity enhancement was investigated in force detection and deduced the
optimal structure of the artificial epidermal ridges theoretically and experimentally. By conducting
series of finite element method (FEM) simulations and experiments, this study confirmed that the
ridge structure has an effect on either static or kinesthetic tactile sensing of the proposed sensor.
Mimicking the features of epidermal ridge by the elastic material — polydimethyl siloxane, the
width of which is 400 um, the ridge with height of 160 um is optimal for shear force detection but
to experience less pressure for a stable output, while the ridge with height of 110 um is optimal for
normal force detection.

Chapter 1 describes the motivation, original contributions and outlines of this study.

Chapter 2 describes the background knowledge including functions of human tactile
perception, mechanoreceptors, and the state of the art in tactile sensors. Also our previous work on
a macro-scale texture sensor, which was inspired by human finger, for texture and lump detection is
discussed to show the benefits of the biomimetic texture sensor with epidermal ridges.

Chapter 3 describes the design concept. Materials are investigated to benefit tactile sensing
applications. Microfabrication processes are discussed to manufacture the elastic material and the
strain gauges. The practicable design of the tactile sensor is determined.

Chapter 4 confirms the design of the tactile sensor in detail based on theoretical calculation and
FEM analysis to obtain an optimal ridge structure by conducting the simulation on normal force and
shear force detection. When the ridge width is 400 um, which is a typical width of the ridges of
human fingers, the ridge height of 160 um is optimal for shear force detection but to experience less
pressure for a stable output, while the ridge height of 110 um is optimal for normal force detection.

Chapter 5 describes the evaluating experiments and analyses of the results. The experimental

setup and results including normal force and shear force detection are discussed.
Chapter 6 summarizes this study and discusses future research prospects.
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Data Rate Adaptation and Cooperative Diversity for Future Wireless Communications

The future wireless communication systems are anticipated to be able to fulfill requirements
of higher data rate, larger coverage, low power consumption, generic architecture, high scalability
and re-configurability. This dissertation mainly focuses on three issues related to the mentioned

requirements: rate adaptation, coverage extension and low power consumption.

As wireless communication has been integral part in our daily lives, a multitude of mobile
applications, multimedia, data access and sharing, streaming video and many other services have
been emerging day by day. As a result, demands for higher data rate, larger capacity and broader
radio coverage to deliver mobile services to as large area as possible have been constantly
increasing. To meet those demands, inevitable challenging task is to cope with wireless mobile
channel. In particular, propagation channels in most metropolitan areas such as city centers where
there are densely scattering large obstacles are dynamic in nature and do not have line of sight paths
between local base stations and end users. Thus, means to adapt with dynamic behavior of
channels, mitigate propagation loss and shadowed fading effect, and reduce dynamic range of
received signal power at end users are essential.

Key solutions to cope with wireless mobile channels are: controlling transmission rate with
channel; compensating pathloss by using power control and signal repeaters (relays); diversity
techniques to mitigate fast fluctuation of channel; avoiding shadowed channel path by providing
diverse paths. Transmission rate can be controlled by means of adaptive modulation and coding
(AMC) to adapt with instantaneous channel condition. Multihop cooperative relays can mitigate
pathloss as well as shadowing while reducing dynamic range of channel fluctuation given the relays
are able to cooperate with each other to exploit spatial diversity. Automatic repeat request (ARQ)
can add reliability to the rate adapted relay cooperated links.

With regard to data rate adaptation and link reliability, this study investigated control delays
in AMC and HARQ in asymmetric time division duplex (TDD). Owing to variation in wireless
mobile channels, AMC may select inappropriate modulation and coding scheme (MCS) a some
instants.  Such erroneous selection results in packet errors. The analysis in this study formulates a
theoretical expression to calculate erroneous MCS selection probability for different TDD time slot
alocations. Next, throughput degradation and corresponding delay in HARQ are evaluated in
relation with the calculated probability. Regarding the issues related to coverage extension and
diversity gain, this study focuses on a relay selection based cooperation strategy called selective
cooperative ARQ. A novel cooperative ARQ protocol is proposed for multihop relay system to
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enhance selection diversity in retransmission process of ARQ.

Specifically, the topics in this dissertation are contributed by the following two main research
studies.

o Evaluation of asymmetric TDD systems with AMC and HARQ
o Cooperative relay communication: cooperative ARQ protocols for multihop relay
systems

Chapter 1 gives a general introduction of the thesis. Firstly, recent remarkable evolution of
wireless communications and major requirements for future systems are discussed. A
comprehensive description of wireless mobile channel is also described. Moreover, highlighting the
key technologies for future systems, motivation of the study is laid out. Finally, overviews and
scopes of each chapter are summarized, followed by position and contributions of the studies.

Chapter 2 introduces fundamentals of the key technologies used in the topics in this
dissertation. Firstly, it describes data rate adaptation using multilevel modulations and variable
coding. Secondly, it gives the principle of multicarrier transmission for future wireless systems in
downlink. Thirdly, a brief description on asymmetric TDD system is introduced. Finally, relay
cooperation strategies and topologies are discussed highlighting achievable diversity order and
bandwidth efficiencies,

Chapter 3 evaluates asymmetric TDD systems by taking control delays in AMC and HARQ
into account. Flexibility in assigning different bandwidth in TDD systems enables flexible traffic
control in uplink and downlink according to the demands. AMC further enhances instantaneous rate
adaption for each user on the assigned traffic volume or bandwidth. However, in asymmetric TDD
systems with a significant larger traffic in downlink than that in uplink, performance of AMC may
degrade owing to erroneous selection of modulation and channel coding rate as a result of channel
fluctuation during downlink slots. To investigate this, MCS selection error probability in
asymmetric TDD systems is evaluated by both theoretical calculation and computer simulations.
Based on computed selection error probability, the corresponding performance degradation in terms
of throughput and average delay to successfully receive packet is evaluated.

In Chapter 4, a novel selective cooperative ARQ scheme is proposed for a multihop relay
system. The proposed relay system employs a distributed relay selection scheme that enables
cooperating relays to independently decide whether to transmit or not based on their channel
conditions and self-error checking results. The proposed system can overcome influence of
source-relay channel and achieve higher diversity gain in subsequent transmissions. Theoretical
expressions for packet error rate performance of the proposed system are also derived. Performance
evaluations are carried out extensively by means of theoretical approach and simulations.

Finally, Chapter 5 draws overall conclusions for the main topics presented in this dissertation.
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Control of Nano-Structure of Thin Film by Spray Layer-by-Layer Method
and the Optical Applications
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