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Theoretical Study on Transport and Kondo Effect in Quantum Dot Interferometer

Quantum dot (QD) is a quasi-zero-dimensional system of nanometer scale, which has discrete energy
levels and a large charging energy. To measure the transmission phase shift through the QD, a small ring
with an embedded QD, so-called QD interferometer, has been intensively examined by both experimental
and theoretical studies. However, there are still controversial issues regarding the interferometer, the
accuracy of the phase measurement, the shape of the conductance peak, and phase shift in the Kondo regime.
In the present thesis, we examine a double quantum dot (DQD) in parallel, as a tractable model for the QD
interferometer, to address the issues. One of the DQD (QD1) represents an embedded QD and the other
(QD?2) for the reference arm of the ring.

First, we formulate the nonequilibrium transport through the DQD using the Keldysh Green’s functions.
We obtain the useful formula of the linear conductance in the absence and presence of Coulomb interaction
U in QD1, in multiterminal geometry. The Kondo effect is taken into account by the Bethe ansatz exact
solution at temperature 7=0. Regarding the shape of the conductance peak as a function of energy level in
QD1, we show a crossover from an asymmetric Fano resonance (Fano-Kondo effect) to a symmetric
Breit-Wigner resonance (Kondo plateau) in the absence (presence) of U, by decreasing the connection
between the QDs through the leads. As for the measurement of the phase shift, which is impossible owing to
the Onsager's reciprocity theorem in the two-terminal geometry, we show a possible observation of phase
locking at /2 in the Kondo regime in the three-terminal geometry.

Next, we propose a numerical method to simulate the transport experiment for a QD interferometer made
of two quantum wires in parallel. The wires are partly tunnel-coupled to each other to form a mesoscopic
ring with an embedded QD. Our method consists of two stages. In the first stage, we represent the
experimental system with a tight-binding model by discretizing the space. The conductance around a
Coulomb peak is evaluated as a function of magnetic field, where the Coulomb interaction is irrelevant. We
show a clear Aharonov-Bohm (AB) oscillation in spite of multiple conduction channels and magnetic field
inside the wires. In the second stage, we adopt an extended DQD model to reproduce the Coulomb peak and
AB oscillation obtained in the first stage in the absence of Coulomb interaction U. Finally, we calculate the
conductance in the Kondo valley using the DQD model in the presence of U. We observe a phase locking at
n/2 in accordance with the experimental result.

In conclusion, the present thesis has elucidated the transport properties and Kondo effect in the QD
interferometer using the DQD model, and addressed the controversial issues in mesoscopic physics. Then we

have proposed a numerical method to calculate the Kondo effect in realistic systems.
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The Total Synthesis of Ikoamide and Odookeanynes, Highly N-Methylated Lipopeptides

from Marine Cyanobacteria

Natural products are secondary metabolites produced by living organisms and found in certain
organisms. Secondary metabolites found in marine organisms often possess unique structures and
potent biological activities. However, challenges in researching marine natural products include
limited natural supply and difficulty assessing their biological activities. On the other hand, organic
synthesis chemistry can provide a quantitative supply by the total synthesis of natural products. It
contributes to exploring chemical biology through the utilization of natural products. Through a
series of studies, I have achieved the total synthesis of two natural compounds for the first time.

Chapter 1 introduces the history of the discovery, development, and applications of various
marine cyanobacterial metabolites. It also discusses the progress of research through organic
synthesis, leading to the total synthesis or semi-synthesis of natural marine cyanobacterial
metabolites.

Chapter 2 describes the first total synthesis of ikoamide, a highly N-methylated lipopeptide
from the marine cyanobacterium Okeania sp. Ikoamide is a linear lipopeptide broken down into an
octapeptide and a fatty acid portion. The desired octapeptide was obtained through deprotection and
coupling using protected amino acids. The fatty acid portion was synthesized from a chiral known
compound by a series of reactions. Finally, the deprotected octapeptide was coupled with the fatty
acid, achieving the first total synthesis of ikoamide. Additionally, the synthesized ikoamide was
subjected to antimalarial and antitrypanosomal activity testing, yielding promising results.

Chapter 3 describes the first total synthesis of odookeanynes A and B, two alkynyl-containing
lipopeptides from the marine cyanobacterium Okeania sp. Since structurally similar lipopeptides
have been shown to possess anti-parasitic activity, odookeanynes A and B are expected to exhibit
similar activity. Odookeanyne A and B are disassembled into peptide and fatty acid portions. After
completing the synthesis of the modified tetrapeptide, the corresponding fatty acids, which were
synthesized employing known methods, are coupled to it, achieving the first total synthesis of
odookeanyne A and B. Additionally, two related analogs are synthesized through hydrogenation
reactions. Synthetic odookeanynes A and B showed potent antitrypanosomal activity. Data from
antitrypanosomal and antimalarial activity experiments suggest that odookeanynes A and B may
interact with trypanosome-specific targets, indicating selective antitrypanosomal activity and their

potential as antitrypanosomal agents.




Chapter 4 summarizes these studies. Through these research endeavors, I achieved the total
synthesis of these two natural compounds and elucidated their structures and biological activities.
Total synthesis confirms the structures of natural compounds and provides a sufficient quantity of
products for more extensive and valuable biological activity assessments. This will aid in the

development of more effective tools for treating related diseases.
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Design of High Efficiency Monolithic Switched-Capacitor DC-DC Converters for loT Applications

Switched capacitor power converter circuits are very common in power management integrated
circuits. With the advantages of high integrity provided by on-chip capacitors, the switched
capacitor circuits, or the charge pumps, are one of the commonly used structures in modern devices.
Recently, with the development of Internet-of-Things (IoT) devices, the limited power sources
bring a series of new challenges to switched capacitor power converters in many aspects. Therefore,
the thesis brings our research on the low-power optimization of switched capacitor power
converters.

Taking the thermoelectric energy harvester as an example, our research efforts on the
optimization of transistor performance under ultra-low-power conditions will be introduced, which
enhances the peak efficiency that can be achieved by existing topologies. Meanwhile, the dual
lower bound hysteretic control will be demonstrated, which provides efficient operation over a wide
output power range. The proposed techniques hence are expected to improve the overall
performance of generic switched-capacitor power converters (SCPC) in IoT applications.

Chapter 1 describes the background of this research, and the switched capacitor power converter
is compared with other types of power management integrated circuits to give an overview of
characteristics.

Chapter 2 describes the issues of designing switched capacitor power converters in Always-on
IoT applications. It also describes the efficiency problems in ultra-low power operations when
taking thermoelectric energy harvester as energy sources, the controller speed, and efficiency
challenges in standby/wake-up state transitions.

Chapter 3 describes the optimization of transistor performance in thermoelectric energy
harvesting applications with a detailed analysis on the impact of transistor performance on the
efficiency and discussion on the optimum way to enhance the efficiency under limited power
constrain.

Chapter 4 describes the dual lower bound hysteretic control method to address demand of
response speed in standby/wake-up state transitions. It also describes how the proposed control can
achieve frequency optimization to provide optimum frequency under different load levels.

Chapter 5 summarizes the thesis and presents conclusions for future works.
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Flexible Operation Modes in Fresh Fruit Supply Chains with Cold Storages

This dissertation explores flexible operation strategies in fresh fruit supply chains (FSCs) with
cold storages. In traditional FSCs, growers usually sell fresh fruits with thin profit right after
harvesting due to the perishability. In order to mitigate the deterioration of fresh fruits, cold
storages, which are generally divided into the regular atmosphere storage (RAS) and the controlled
atmosphere storage (CAS), are built accelerating in rural areas. Depending on the extension period
of shelf life, we propose flexible operation modes in fresh FSCs with RAS and with CAS,
respectively.

For RAS, we propose the flexible supply contract with put options (SCPO) for a rural fresh
FSC with RAS, where the grower stores fresh fruits in RAS to extend the shelf life, which incurs
extra storage costs that can be recovered by salvaging at a higher price later. The proposed model is
analyzed from both the grower’s and the buyer’s perspectives. And the buyer’s and the grower’s
profit functions are formulated. We derive the buyer’s optimal policies for the initial order and put
options as well as the grower’s optimal policy for the planting quantity. The grower’s optimal
supply tariff can be obtained only numerically. In particular, we obtain closed-form formulae to
determine the buyer’s optimal order policy and the grower’s optimal planting quantity in a special
case. We show numerical experiments in which we examined the effectiveness of the proposed
model and analyze how the parameters affect the performances of both the grower and the buyer.

For CAS, we consider a single-period, three-stage model in a rural fresh FSC with CAS. With
CAS, the grower produces fresh fruits and then sells them to a two-stage market, i.e., in-season and
off-season, in sequence. We formulate the grower’s profit function, propose the solution for the
grower to make the optimal planting quantity and derive the optimal rental capacity of CAS. In
particular, we study this model in a special case, and analyze numerically how the parameters
influence the grower’s behavior in such a supply chain.

Finally, the conclusions of this dissertation are presented and we explain the future direction of

this research.
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Deep Learning-Based Material Estimation and Synthesis
Under Arbitrary [llumination
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Control schemes for MTJ-based non-volatile devices
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