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The photovoltaic industry is still dominated by the
wafer-based silicon (~85%) solar cells. The tremendous
growth of the photovoltaic market over the past few years has

led to a silicon shortage, and hence research and investments
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on thin film alternatives for wafer-based cells have been
attracted much attention. However, Further reduction in
production costs is needed and at this point it emerging as
highly promising alternative in thin film technologies.
Tandem type silicon solar cells, eg, a-Si:H/pc-Si:H, have
great potential for low cost, high efficiency, low material
consumption, long-term stability, and environmental
friendliness. The challenge in developing this technology is in
fabricating an active silicon layer with sufficient electronic
quality, with a thickness of 0.25-10 microns, at a deposition
rate of over 1 pm/min. In the fabrication of thin films, plasma
enhanced chemical vapor deposition (PECVD) is most
commonly used with a large area at low substrate
temperature. A high deposition rate is usually accompanied
with a large number of dangling-bond defects in the deposited
films leading to degradation in film properties. Major
candidates responsible for light-induced film degradation at
high deposition rate are considered that high generation rates
of SiH and SiH, radicals, known as trigger species to generate
Si clusters, and incorporation of such Si clusters into films.
These clusters play an important role in film propertiessuch
as light-induced degradation of a-Si:H thin film solar cells.

This thesis is focused on the effect of silicon clusters
incorporated into a-Si:H and pc-Si:H films based photovoltaic
devices by means of multi-hollow plasma discharge CVD
(MHDPCVD). MHDPCVD allows the growth of device
quality a-Si:H by suppressing incorporation of silicon clusters
into films during film deposition, whereas keeping high
deposition rates. Hence, these features, along with the low
implementation due to remote type of plasma, make the
MHDPCVD technique a very attractive technology for a
future industrial application. The present work study the
optical and electrical, structural properties of these a-Si:H and
pc-Si:H films obtained by MHDPCVD.Special attention is
paid to generated clusters during plasma process which would
affect the photovoltaic performance of devices. Besides the
material propertiesofthesethin films,comprehensive study
onin-situ measurement of silicon clusters incorporated into
a-Si:H films is presented. A brief description of the contents
of this thesis surmised as follows.

Chapter
andintroduction on the material properties of amorphous,

onegivessome fundamental backgrounds
microcrystalline silicon used in thin film solar cells.Moreover
the general operation principle of solarcells and effectsof
silicon clusters on film propertiesare described with general
force acting on clusters in plasma. In the chapter 2
description is carried out on the MHDPCVD setup and the
experimental

characterization  techniques used for

studyingfilm properties. Chapter 3 focuses on the film
properties of cluster-free P- and B-doped a-Si:H films. The
influences of theB,)H,, and PH,gases on the reaction
probability of SiH; radical will be described withlower
daggling bond defect density of cluster-free a-Si:H films.In
the chapter 4 the process window of device quality uc-Si:H
filmsare discussedto understand proper deposition conditions
in a high-pressure depletion regime.Si films were deposited
in a combinatorial method, by which fluxes of H and SiH,
radicals and their flux ratio can be evaluated with the distance
from the discharges.Moreover, effects of crystalline silicon
nanoparticles on their film properties is presented.In the
chapter 5 in-situ measurements of cluster volume fraction of
a-Si:Hfilmare demonstrated to clarify thecontribution of Si
clusters to film deposition. It is achieved bycomparing
deposition rates of the films with and withoutclusters by
using quartz crystal microbalances with a cluster-eliminating
filter. Additionally, the relationship between cluster volume
fraction and optical emission intensity in steady state of
plasma discharges are discussed.Finally, conclusions and
recommendations for future work aresummarizedin the last

part of this thesis.
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The advent of the digital era has spread the use of digital
multimedia in virtually all areas. Multimedia signal can be
easily reproduced and manipulated without any trace of
alterations. Constructing a scientific and automatic way for
confirming the legitimacy or truthfulness of the structure
and/or content of multimedia is an important task, which is
the aim of this dissertation. There are two major approaches
to multimedia authentication, i.e., active and passive
approaches. The former may work in two areas: digital
watermarking and signature authentication. In case of digital
watermarking, it works by inserting a digital watermark into
the host data at the source side, and verifying the watermark
integrity at the detection side. In the sense of authentication,
the signature is generated by extracting host data features at
the source side, and verifying the integrity by comparing the
signature at the receiver side. On the contrary, the latter
without any prior

accomplishes data authentication

information. That is, image authenticity is verified without

the presence of either digital watermark or signature. Both
approaches are discussed and exploited in the thesis.

The thesis fundamentally addresses two main subjects:
audio ownership protection and image forensics. The former
is usually thought as an active approach, while the latter is
referred to as a passive approach. In more details, the
organization of the thesis is as follows. Chapter 1 introduces
the motivation, problem formulations, and our main
contributions. Chapter 2 provides literature reviews of both
active and passive approaches. In more details, digital
signature, digital watermarking, and trustworthy digital
camera are described as related literatures to active approach.
As for the passive approach, image forgery detection and
image source identification are discussed. Chapter 3
introduces our contribution in the active approach, namely
digital audio watermarking through direct feature-based
method. Chapter 4 describes on exploiting reference images
in exposing copy-paste forgeries. Chapter 5 deals with how to
expose geometrical distortion through reference images. To
conclude, Chapter 6 summarizes the work and provides
research directions.

Numerous ownership protection schemes have been
proposed. However, none of these works provides a formal
structure from which the scheme is adopted. This situation
arises as our first challenge issue. In Chapter 3, we begin
with defining a formal scheme of ownership protection named
direct feature-based method, as an alternative approach to
traditional digital watermarking. Actually, this is not a new
method for the researchers in digital signature field. As the
traditional approach embeds “digital watermark” into the host
data, it may cause distortion, such as quality degradation.
Furthermore, trade-off between capacity and other important
properties, such as imperceptibility and robustness, emerges
as an inherent problem. Direct feature-based provides a
solution to overcome such situations. We proceed to propose
a resilient audio ownership protection scheme. We exploit
index data instead of index field to generate the watermark
key so that the number of watermark’s keys is much smaller
than in the existing work. We then demonstrate the
effectiveness of the proposed scheme against severe
distortions. Experimental results indicate that our watermark
key’s size is relatively the same as its watermark data while
preserving the requirement of watermarking properties.
Moreover, the system has maximum imperceptibility and is
relatively robust against echo addition, band-pass filtering and
re-sampling.

Note that the main purpose of computer forensics is the
proper identification and collection of computer evidence.
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However, all the image forensics’ schemes developed so far
have not provided verifiable information on the source of
tampering. Thus, the second challenge issue addressed in
Chapter 4 is on how to construct a verification scheme to
identify the source of tampering. Our preliminary work on
passive approach is to study on a common form of
manipulation. That is combining parts of the image fragment
into another different image to remove objects from the
image. Inspired by the digital image correlation concept, we
exploit the peak of cross-correlation function to automatically
detect the splicing artifacts in any fragment of an image.
Experimental results from synthesized splicing experiments
state that the scheme can detect most splicing artifacts, with
relatively few false positives. However, we observe that high
value of peak of correlation coefficient does not guarantee it
belongs to a spliced region. Low value of peak of correlation
might belong to a spliced region. How to increase detection
accuracy becomes the third challenge issue. We then improve
our previous work by exploiting pixel-based alignment
method adopted from image registration concept. We
formulate a tampered image problem as locating the best
correlation between the extracted sub-region(s) and their
references. The results demonstrate the effectiveness over
synthesized images and downloaded images from the web.

To end with, we consider that the image might have
occasionally undergone some geometric transformations,
such as rotation and scaling. Then, the fourth challenge issue
addressed in Chapter 5 is on how to identify the geometric
distortions. We exploit distinctive feature descriptor in
detecting suspicious regions as well as invariant or sensitive
triple feature construction to identify geometric parameters.
In our previous work, the spliced artifact identification relies
on edge detection technique. Due to this condition, the
images which do not introduce any edges are hard to be
detected, or might cause fault extraction. We then proposed
clustering techniques to identify the tampered region based
on distinctive keypoints. We draw the comparison to the
existing scheme and it confirms that we obtain a considerable

gain both in terms of rotational and scaling accuracy.
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Web Information System (WIS) for educational
institutions is relatively different from other enterprises due
to dissimilarities in terms of purpose, problem characteristics
and users. Higher Education Institution (HEI) requires the
appropriate standards and models to conform in order to
establish a WIS architecture that is both suitable and
straightforward with regard to its development process and
evaluation. This also implies that HEI requires an appropriate
approach to integrate all work related to enterprise

architecture and the development of its web information

systems.

In this thesis, which consists of seven chapters, we
discuss the models and method for developing, integrating
and evaluating the WIS. In the first chapter, we introduce the
background and the problem definition. In the second chapter,
we describe the key concepts and technologies. It also
includes the related work of this thesis. In Chapter 3, we
describe the IT architecture model to resolve IS
characteristic problems in educational institutions. In Chapter
4, we describe the proposed method for developing and
integrating WIS. In Chapter 5, we describe the web
application interface development as a case study. In Chapter
6, we describe the proposed evaluation model for evaluating
WIS quality and effectiveness. Chapter 7 is the conclusion
and future work of this thesis.

This thesis provides three key contributions: an
Information Technology (IT) architecture model, a WIS
development method, and a WIS evaluation model that are
summarized in the web information system educational
framework.

Enterprise Architecture (EA) and Model Driven
Architecture (MDA) are concepts for formulating an IT
architecture model into activities related to WIS development
to meet university needs. Based on an analysis of IT and
information systems of HEIs in Indonesia, an IT architecture
model has been proposed according to the situation and needs
of national universities. We discuss this model in Chapter 3.
The model is then applied to University of Lampung (Unila,
Indonesia) as a case study. The outcome is an IT architecture
that can be implemented to support integrated WIS
development in Unila. The IT architecture consists of
business architecture, information system architecture and
technology architecture. The result of this study indicates
that the proposed IT architecture model can be a reference
for HEIs in order to produce architectures in accordance with
the business process and WIS needs.

Several principles and platforms planned within the IT
architecture can lead to changes in the existing information
systems and technologies. Alterations of existing information
systems or the development of a new information system for
a HEI must be done within a time span acceptable to the
current business condition. On the other hand, software
developments to support information system modifications
are still incapable of keeping pace with current needs. In this
study, we propose WIS development method based on MDA
and Service Oriented Architecture (SOA) approaches. We
discuss the proposed method in Chapter 4. This method
defines the WIS development process to automatically obtain
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web application interface from information system model.
Results from this study shed light on how our method can be
applied and effectively integrate existing WISs in HEL In
Chapter 5, we illustrate a development of web application
interface by applying this method to integrate two existing
WISs at Unila. The implementation of a web application
interface (called SIMPEL) has successfully integrated Course
Management System into Unila’s Academic Information
System and work properly. The WIS development process
involved in this method allows developers to progress
smoothly from the models to the generation of the web
applications. Usefulness of the templates to assistance
automatically generate PHP files in the form of Model View
Controller (MVC), Web Service Description Language
(WSDL) and Data Definition Language (DDL) is powerful
enough to cover the constraints of time effort and write
repetitive code. It can be concluded that the adoption of this
method can help developers efficiently develop and increase
productivity of WIS.

This thesis is complemented with constructing a new
model for evaluating WIS that allows university to assess
quality and effectiveness of developed and implemented WIS.
We discuss this model in Chapter 6. In this study, the
evaluation model is constructed by modifying the concepts of
both Technology Acceptance Model (TAM) and IS-Impact
due to their inadequate comprehensive evaluation for WIS.
The model then applied to assess the quality and
effectiveness of SIMPEL in Unila. It described in two
parameters: performance evaluation and functionality
evaluation. The overall evaluation results show that the
evaluation model can be valuable for decision makers in HEI
on evaluating the development and implementation of WIS.

Three key aspects - IT architecture model, WIS
development method, and WIS evaluation model -
incorporated into the WIS education framework are
highlighted in this thesis in contributing towards resolving
issues related to the development and integration of WISs in
educational institutions in a way that the planned WIS can
effectively meet institutional needs, and can be developed and
evaluated in an easy, quick and efficient way. The result of
this work is expected to specifically contribute to the
advancement of educational institutions in Indonesia,

particularly as a reference for developing and integrating WIS.
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This thesis focuses on developing methods geared
towards the applications of camera-based Optical Character
Recognition (OCR), specifically, addressing problems of
scene character localization and recognition. The realization
of a high-performance camera-based OCR, which is the
technology to read the texts captured by camera, will not only
extend a new area of OCR but can also develop applications
related to vision.

We survey the existing scene text localization and
recognize works according to different features or
methodologies in Chapter 2. Specifically, scene text
localization methods are classified into seven categories:
color/intensity-based, edge-based, stroke-based,
keypoints-based, texture-based, other clues-based and hybrid.
On the other hand, scene text recognition methods contain
two categories: OCR-based and machine learning-based.
Moreover, benchmark datasets and evaluation criteria are
also introduced.

In Chapter 3, we propose a cooperative
multiple-hypothesis framework which consists of an image
operator set module, an OCR module and an integration
module. Multiple image operators activated by multiple

parameters probe suspected character regions. The OCR

module is then applied to each suspected region and returns
multiple candidates with weight values for future integration.
Without the aid of the heuristic rules which impose
constraints on segmentation area, aspect ratio, color
consistency, text line orientations, etc., the integration
module automatically prunes the redundant
localizations/recognitions and compensates the missing
localizations/recognitions. The proposed framework bridges
the gap between scene character localization and recognition,
in the sense that a practical OCR engine is effectively
leveraged for result refinement. In addition, the proposed
method achieves the localization and recognition at the
character level, which enables dealing with special layouts
such as single character, text along arbitrary orientations or
text along curves.

In Chapter 4, a new edge-based method, called edge-ray
filter, is proposed to localize scene characters. Edges are
extracted by a combination of Canny and Edge Preserving
Smoothing Filter (EPSF). To effectively improve the
performance of filtering out false alarms, we develop a new
Edge Quasi-Connectivity Analysis (EQCA) to unify complex
edges and broken contours of characters. Label Histogram
Analysis (LHA) module, which can preserve stroke ray and
remove redundant ones, is designed to localize scene
characters. In the edge-ray filter, only two frequently-used
heuristic rules, namely aspect ratio and occupation, are
exploited to wipe off distinct false alarms. In addition to have
the ability to handle special layouts, the proposed method can
accommodate dark-on-bright and bright-on-dark characters
simultaneously, and  provides accurate  character
segmentation masks.

Conclusion and future works are drawn in Chapter 5.
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Along with the rapid development of web, the quantity of
information available on the web today is more than at any
point in history. Due to the popularity of web search engines,
finding relevant web pages only takes less than one second.
This is because before the query terms are submitted, a web
search engine has built an index for each word to indicate a
list of web pages where the word appears. However, even if
web search engines can provide relevant web pages in such a
short time, people still need to spend a lot of time reading the
pages to find the relevant parts of a web page. An ideal goal of
web search engine would be a “block-level” search engine
where each web page is segmented into non-overlapped
regions of an appropriate size. There have been many
researches on extracting relevant parts from web pages for
users’ query. However, these approaches are not concerning
with covering all the contents of a web page and making an
index for the sub-pages of a web page. In other words, it is
necessary to formalize the appropriate parts of a web page for
a query and to segment a web page into non-overlapped parts
in order to realize a “block-level” web search engine. This
thesis considers rectangular regions as the index targets and
solves these two problems.

The first problem is known as block extraction from a
web page with respect to a query. The required blocks may
vary according to query. Thus, it is necessary to determine
what kind of block is more likely to be a required block with
respect to the query. Firstly, we consider the leaf blocks that
satisfy the query. Then we analyze the blocks in the path
from the leaf blocks to the root of HTML-tree. We analyzed
the features of blocks, such as: the text quantity, DOM
(Document Object Model) tree depth, number of child blocks,

etc. We manually labeled the required blocks from a set of
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web pages and utilized SVM (Support Vector Machine) to
train these features of the labeled blocks in order to
determine which feature is most effective in detecting the
required blocks. Based on the analysis results, we defined the
score of a block as a combination of word weight and block
depth. The score is used as a ranking measure of blocks for a
query. The experiment results indicated that the proposed
method is effective to extract the required block and useful to
reduce users’ search time.

The second problem is known as page segmentation.
The purpose of page segmentation is to divide a web page
into independent segments. We use the visual features of
blocks to segment web pages. First, we consider the record
blocks where similar kinds of data are displayed adjacent to
each other. The automatically generated outputs from
databases are typical examples of these record blocks. We
give a formulation of the similarity of blocks and introduce the
notion of “layout tree”. For two given blocks, they are first
transformed into two layout trees. Then the Tree Edit
Distance algorithm is used to calculate the distance of the two
layout trees. If the distance is less than the threshold, then
the two blocks have similar layout. By using the layout tree,
we can recognize the data record blocks in a given web page.
We used this similarity to cluster blocks of a web page. We
introduce two other measurements of seem degree and
content similarity of two blocks. The seam degree describes
how neatly the blocks are arranged. The content similarity
describes the similarity of contents. The method first
recognizes and marks the data record blocks in advance.
According to the seam degree and content similarity, it can be
determined whether a block should be divided or not. The
experiment results show that the proposed method can divide

a web page into appropriate suitable semantic segments.
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The conventional character recognition methods have
many limitations when applied to the new recognition tasks,
such as the recognition of handwritten characters, scene
characters and the document of arbitrary fonts. For those
tasks, there are many difficulties, such like the various
character appearances, noise and distortion, segmentation
problem, etc. Consequently, in this thesis, the part-based
method is proposed. In the part-based method, only the parts
of the character image are used for recognition and the global
structure information is usually discarded. By only using the
parts, the part-based method is supposed to have the
advantages on overcoming the above difficulties. In this
thesis, the applications of the part-based method are studied
and tested on various databases. The results showed that the
part-based method is a good choice for those new character
recognition tasks.

In Chapter 2, the part-based methods were introduced
and in Chapter 3 the selection strategies of the parts were
studied. The part-based methods were also tested on the
MNIST (digits) as well as the CEDAR (alphabets) databases.
The results showed that the performance of the part-based
method was totally comparable with the state-of-the-art
methods. On the MNIST, the part-based method of class
distance achieved the recognition rate of 99.15% with a very
simple classifier. On the CEDAR of alphabets, the class
distance method had a recognition rate of 78.9% while the
whole-based method was only 70.1%. Besides, the part-based

methods are robust against the degradation of the image,

which is proved by the experiments on cropped images
generated from MNIST. When the cropped images were
tested, the recognition rate of the whole-based method
decreased from 92.8% to 44.9% while the part-based method
only decreased from 93.6% to 81.3%. Moreover, by applying
the parts selection strategy, the part-based method can
achieve almost the same recognition rate with only a half of
the reference parts.

In Chapter 4, the part-based method was extended to the
handwritten character string recognition and compared with
the BLSTM (a state-of-the-art method for character string
recognition). From the experiment results, we can see that
the part-based method has the robustness against the
distortion of the image. For those severe cases, the
part-based method is a powerful tool.

In Chapter 5, the part-based method was applied to
arbitrary font recognition. The results showed that the
part-based method was able to outperform the commercial
OCR. The highest recognition rate of the part-based method
was 73.5% while the commercial OCR was only 56.7%. This
is a very important property for the scene character
recognition. In the future, it is possible to apply the
part-based method to scene character recognition and which
will be able to recognize the characters in arbitrary fonts.

In Chapter 6, the part-based method was also tested on
document image decoding. As shown in the experiments, it is
possible to create a recognition system with the merits of
robustness, preprocessing-free, segmentation-free, font-free
or even language-free. It will be very useful when the prior
knowledge (for example, the font and the language

information) of a document is hard to obtain.
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The penetration of renewable energy in power system
significantly increases. However it causes some issues on
power systems such as frequency deviation due to unstable
power outputs of renewable energy generation units, and
rotor angle instability (low frequency oscillation) caused by
decrease in the total inertia constant of conventional
generating plants when the electric grid receives a large
amount of power from the renewable energy generation units.
This thesis proposes control system design by considering
robustness and adaptivity to overcome the problem. In this
thesis, the existing controllers, most of which are PID or
lead-lag controllers, are optimized, so that they can exhibit
better performance and that if this alone cannot attain
desirable performance, new devices will be installed. The
proposed control design will be applied to solve frequency
deviation in isolated power systems, and rotor angle stability
in interconnected power systems with high renewable energy

penetration. In isolated power systems, robust control design
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is enough to handle frequency deviation. However, in
interconnected power system, when the variations of total
inertia constants are large, giving robustness to the
controllers is not enough. We need to make the controllers
adaptive to the changes in operating conditions due to the
high penetration of renewable energy sources. In adaptive
control, the controller parameters are changed depending on
the situations. Here a system identification technique and the
robust controller design method described above are
combined into an in-direct adaptive controller design. The
identified model is used to monitor discrepancy between the
actual power system output and the expected output (model
output). When a large discrepancy is detected, a new set of
controller parameters is determined to adapt to the new
situation. The simulation studies show that the proposed
adaptive control scheme is able to stabilize power system
under the changeable operation conditions and system
uncertainties due to high penetration of renewable energy
sources.

An outline of the thesis is presented as follows:

Chapter 1 - A brief description of smart grid power
system is provided and challenges of smart grid application on
power system are discussed. The challenge of smart grid on
control scheme is specially highlighted. Furthermore,
robustness and adaptivity of control system design on smart
grid power system to improve power system stability are
introduced.

Chapter 2 - The general theories of conventional robust
control design are presented. The classification of system
uncertainties modeling is provided. Then the conventional
control system design considering system uncertainties to
guarantee robustness of controller is given. The example of
application of conventional control design on single machine
infinite bus power system is presented.

Chapter 3 - This chapter introduces conventional
adaptive control designs. First, direct adaptive control design
especially MIT rule to adjust parameter of controller is
explained. Then this chapter presents indirect adaptive
control systems using iterative identification and control
design method, and multi model adaptive control scheme.
The several methods of identification and control system
design are briefly explained.

Chapter 4 - This chapter shows the proposed robust
control design and adaptive control scheme. The proposed
robust control design using conventional control structures is
described. The weakness of robust control design due to high
renewable energy penetration in power system is discussed.
Next, the proposed indirect adaptive robust control design is

described.

Chapter 5 - This chapter presents the robustness and
adaptivity enhanced controller design in isolated smart grid
power system. The details of power system model, pitch
model and principal operation of energy storage are given. To
check the performance and robustness of proposed energy
storage controller comparison with conventional energy
storage controller, eigenvalues analysis and non linear
simulation using Simulink/Matlab is applied.

Chapter 6 - This chapter concentrates on the application
of proposed method to design adaptive robust power system
stabilizer (PSS) in two-area four-machine power system. First,
system modeling such as generator model, exciter model, and
power system equipped with PSS is described. Then non
linear simulation studies using ObjectStab are applied to
evaluate damping performance and robustness of the
proposed PSS in comparison with those of PSS designed
without considering robustness and adaptivity against several
system uncertainties.

Chapter 7 - General conclusion and recommendations for

further research are given.
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The installation of renewable power generation makes a
good effort on reducing the emission of greenhouse gas.
However, the outputs of some renewable generations are
highly affected by nature condition, which contains the
fluctuation and uncertainties. The conventional methods for
dealing with the uncertainties of forecasts are to make the
extra spinning reserves for controllable generators to fix the
possible variation of power demand. However, in the case of
high penetration of renewable power generation, the spinning
reserves cannot always get ready for the variation of demand,
and then the imbalance of power supply-demand happens
more often. The supply-demand balance issue becomes more
complicated. Therefore, this thesis aims to keep the supply
and demand balance in power systems with renewable power
generation, photovoltaic generations in particular. For this
purpose, three issues are investigated in this thesis: the solar
insolation prediction, the error estimation of solar insolation
forecasts, and the economically optimal generation scheduling
of controllable generators which are discussed in three
chapters respectively.

First, this thesis improves the wavelet-based solar
insolation prediction method which is one of the good
prediction methods proposed so far. The prediction of
renewable generation outputs is essential to schedule the
controllable generators, so the prediction of solar insolation,
which is the most important parameter to predict the outputs
of photovoltaic generations, is addressed in this thesis. Given
that some variables are well relevant in some time-frequency
domains of solar insolation but are weakly relevant in other
domains, we only use the well relevant time-frequency
components of a certain input variable instead of its all
time-frequency components to predict the value of solar
insolation. The results of a comparison indicate that the
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proposed method is more accurate than the method which
uses the same input variables in all time-frequency domains.
Therefore, selecting relevant input variables in different
time-frequency domains independently is helpful to improve
the accuracy of wavelet-based prediction method.

Second, this thesis puts forward the error estimation
method, which can extract more useful information about the
solar insolation from the input variables employed in the solar
insolation prediction to complete the forecast results of solar
insolation. The errors of solar insolation forecasts are
unavoidable, and some of them are extremely big. However,
no relevant researches have focused on estimating the errors
yet. Given that some big errors concentrate in a certain
interval of a variable, we extract the significant variables and
areas to tell the big errors (positive and negative). The
proposed error estimation method can provide the operators
with what types of error the forecast is likely to have with
high confidence. Since the big errors cause either large over
expectation or large under expectation of PV outputs, the
results of error estimation are useful for operators to identify
the extreme situations which cause the large deviation of
power.

Finally, this thesis proposes a useful strategy to deal
with the uncertainties of forecasts of renewable generation
outputs, which can achieve the economically optimal
generation schedule with the less total cost compared with
the conventional methods, which use the spinning reserves to
prevent the possible imbalance incurred by the uncertainties
of forecasts. The conventional methods minimize the
operation cost with a constraint to guarantee that the
operating generators can readily change their outputs to meet
the net load demand variation. High penetration of renewable
power generation makes it harder for operating generators to
compensate the variation of forecasts. The events of
supply-demand imbalance happen more often, and the
shortage or excess of electric power should be compensated
from the outside power systems. Therefore, in this research,
the damage caused by possible supply-demand imbalance
arising from the large uncertainties of forecasts of renewable
generation outputs are evaluated by penalty which represents
the necessarily additional cost to fix the imbalance. Due to
the random nature of the forecast errors, the penalty is
evaluated as an expectation. The optimal generation schedule
is obtained by minimizing the summation of expectation of
penalty and the operation cost. The proposal is validated by
the simulation results.

wWMXFAEDEE

BHZHICBNT, BHOEEZMET B1-0I12, EHO

e L S IR L DRI ISR 2. RS
BO X ICREHNPRREMOEELZ T 5 HA R
TRVX—BRENEENDBIRMTIE, T OFAERRE
THANX—EBROBEH T EBENEEL ZTRIL, Thi
b U, DI P RE e R A O R EFH I TR D LI E
B OOIEHE + 45 1 FHE & FEFEH )FHE & &R LR IER
B2V, ZorE, PHEREITET b, A
KT DMWY RN EE L 70D, KR EOEE, £0
HATPRNZAFEETFACRE SIS, EfRIRETIE
8 LRI E I Th CE T DA, ZoFHlREE
OHEEITIF & A EfThN T, —J7, JEERFENLED
PERTFIETIE, REBOFENTRIL Y LK LZGEICK
T E D72 OIS EREL T T e b b H AN
ZTEMR L2 3HENIE M Th W, HAERZ XX —
BIRNREIZEAIND &, BEHDIBORBLEES
LMENET, Fio, MRTSIBRRE, BOREB LI
IV HREL DD, ZNHICKLTE 23EFHE T
EREEND.

AT, FAEARET RVX—EBIR, FRICKBLEEL
KREICHRSNEBAORKENRE L, FELHGZ2—%K
S DO DO W R ER O EFTELEFIE L, £
DIEDIIHEL R AFNETHFEZRELZLOTH

5. BRIZIE, BAMRT R VX BRI TRl oRE
EEBE LTGRO DOREHENLE, AFRETHO
KRR E, ARETHICE TR D #@k%é@&f@%
EDZENENEIT) FEZRELTRY, TROIFLTO
EN-mEH/T LTS
1. REEFENLERC, W0k, FRE OISO HITHIFY

itk D ¥ 2 ML L TAT - TN @ s FE M ik
Ex, TRTCORKGMEEZEYNCEE T LIk
TEYBEITAT S FEERE L T 5

2. *%mﬁ®%k%%&ﬂw$%®ﬁﬁ%%ﬁ
WD T2, FEFHENLE ﬁmf%wéﬂtzﬁ“ﬁa
EEBEOMEREBEBREICERNECTYH, —EHRADZE
HThiuL, ZROEAICHLL T ENEMETE D
HERL S ITER 2R T 22 R TE S,

3. LRIERMIE O DI EMIERE N & 2 < MR T
DL, HIGTEDERITIREL fiébi%ﬁﬁ’ﬂ%ﬁ)ﬁﬂﬁ
T5. KX TRELTVWDHHEE RBPIEL, %
RO %é%ﬁ%h%&%*%%&%m&
THZELICEY, Rl e EFEANETHIENT
x5.

4. BEFOENT-THTETHLVz—T Ly MTLD
ﬁﬁﬂ&ﬁﬁﬁ“ﬁ%%wkaﬁi%mi%’ﬁw
T, [REEBRO 5> b FRNCE I M I TE A 8 R 2
@<@ﬁ¢éﬁ&%h§b,_n XoT, PHIKE
EAEIETCND. ZORBEM EX, ERNICYTED

,%LWEMKﬁ% A 1 AR Y O A4y At B



-32- JUNRFZRFPR Y AT LEHR S FI19E FE1s

ZHIET DR A FFD.

5. K[ETHEMAVWTHREZ T 5 HECONT, &
D LD 7EMT CRERTRRAENTEE LT VI
AT L, KEETHICIEDS N T T RIRRZEO R Z T
THL—AHEENTND, ZNCE > THLNLD T
HFRRZE DR O FRIFE R, FRFRAZELZBE LI-3E
FENIRICESFAT D ZENTES.

PSS IR CE, HAEMED RV Y —EHZ &1
EIRFICBNT, HAEMRZ XX —ERE B OR
TSI LT, BEMICER— R aER T 52 &N T
X DIERMOSNEFEL, TS ER B HETHTFE
LEOTRELE LD THD. ZOMRIE, EHEOH
D) LR HAEMRZ ALY —EROE A &Lk

THZLICEHBRT D bDTHY, ERET LY LMED S
EETHD. LoT, AmSURtE L (FH) ORI
BT BHDEROD

%K £ B R S

# {E %B % % f/‘[‘%ﬁ @@%516% (I'_%A)

FARGO BT FR 2549 A 24 H
A i 3 4 SR D T A E IR T D KB
FEE PRI 20858
SR ZE B
(F &) JuiRE # = FE
(& ) " " REE it
n N n FEl B

MXANBEDNDEE
VAR, A FTRET L X —RERMOEARNE 2 TE
TV, FR KRBT ERE OB RITAHILR L TE
TWb, KEEEEBEBOHNE, RIEICKRE S EEREZZT S,

BIREOEME D SITHIHN TE R0, RE LW oI kF
Bd v Zh B KRECEENERTICKEICHER SN

L&, BARHKOTRERICKRE e Ba2 525, Kiwsl
. KEOKRKBIEHEEIE R SN ROE S RFEOER
HERICBWTRLEL R LB HOMET U T HO KB
EOHIT TN ONWTHIEEIT> T2 D TH S,
EIREOBFERIZB W TIE, KEBEIEEH SO TFHI
B & EREL B L7561 b, ERFERERNZOERE
SHTL. RHSERICKB S NER DD, Lo T, #iC
THOARTELIRKATHRT —F2HEHL, o7 un
ORG IR ERBHBETHTIEOMIEEIT-> TN D, I
BEHOWIEZ Y T 2BHEOI/N—TTRL, BFENZER
A ETREZ AT, INIROKBEEEN T ET 5
FEOWHREHIT> TN D,

AT, KB EBEOH N TRIZONT, HE2ED
RIS Téifaﬁg@%@%wi&\%Ba@@
BRI BT 2 2R AFETNTFE, F4EOEICE
LR AHETHTFIE, 55 EOKEIEIE Hjjjf\@ﬁﬂ’:
EOIRTHR~S, BUFIC, HFEOMEICON TR~ S,

%1 ETIE, ﬁwwﬂﬂkioﬁg_owfimé

F2E~4FTIE, KGR EOH T & BERBIENEXR
A EOTRFIEICONTIRR S,

09 L 2ETIE, EBIHSICB T DB KO THE
By L LIz R HBFHEOEO THFEI DN TR~ 5, ¥
A 4 O 1% K 7738 FERS 25 0 J8 D 25 O Vi 0SB 5 14 ]
EEZDIDOLDOTHY | kI EEE OB G
BTEXLZENEETHD, Lo T, ERRMEDTHEICKT
LEORERMET 2 EENDH D20 EZETILEN D
%, TS, THEBTRSTZENERETHY, £KH
FEOWEZ T 2 FIEZRET 2, THORIZ OV T,
BEOERAFEOFEEME  HEH L REHoR
BEHZ LV RDTWD, BRI, BRESEEZ REBIIC
L. S HICRKIE RO SR B N—F 55375
DEELRELRHOCTEREHAIICOE L D E —E
S A EIZ LD FRIOH (FHIE) 2/ TWD,

HI3ETIE., FERHAICBTIEAOTHIZENE L
2R AFETHFECOVWTERS, BEOTHENL, k)
BOEBMETDOZA IV T ERETHZDOLDOTHY
THRSENER SN D, Zozd, BALETHTFED LD
I CERTOTIHRL, ERAHFEOMHERE X < PRl
HAFEERET D, FHENCHOWTIE, KEH - BRI 5y
BlAN-FElT— 4%, “EREANTELIZNETHZ
& TAHABOBRERIBICE ST, ThEhoT —4 %

Wkt Uy WS4 & 0Ll 7 v & 1Rk L
TW5, 2B, HRERTIIENORKE &2 @iE+ 2 ik

DORBERETE RV, THENEEZ D 5 B THE
ASEEEZ O O ICRE L, BREZICRD Y Tllki5
ELTHWTWS,

FAETIE, AT —ZEOBEBRLET LOHAICLY
TR OFMZ2E N IEEICB T 52K B HETHTFEC
DTS, BRBOFEL, EHOMAGET Y 7
EERTOFTRELEMIEONRT VA HEO2LDOTHD, Lo,
BHOMAET Y 7 RIRICE 2 KEHFEEO H TR A 2
Ekﬁé#\t%t%%ﬁ%@m%ﬂﬁPLMﬁ%%m#
LZLEMECTHD, o, BHoOMKZY T 2EK
DIN—TTRL, FTNV—TDOREMEOERBDFELT
WIDZEicky, KEOERAFEEZRD D Z LT
OFMEA W, RIRICE T 22K AHNETHTELERE
T 5, AT —=XIZHoWTIE, HEEET — % OFRBE ST
OB IHR 72 AT IC & 0 RRVER O MR £ % 7 v
—Er T ETRBILEE, ERETRET MIZONTE,
ERAFRELMOKGIER & OBBEBEEOET LV EHK



Tk 26 421 1

TN RFR RS AT LR

Fo -33-

AL, THEEZER D Z R ETAEDKRZX -
Wh, ZHZEY, TRIOAEEZEEL TS
FH5ETIE, ERHHNENL KGR EH 2 EEHEE
T2 KGHEER S OEH A FEIIONTIRRD, &R
H%EimIﬁT@ﬁf&é# KT B LR L
TREINTEY, %%%FT%Z%%%% F7e.
ifaﬁgék%t%ﬁmﬁ WM 572 01id, KEGE
W SRR T—a T g F— 0)%@%%%\?‘5%
ERHD, LLRns, BHOMHKZ Y TNTRTOKX
I BRI OWNT, TNHEXMT 5 Z LIXREETH
b, ZOH, ERAFENS KRB 2 EEHEE
THKRGHEEROEGMAEFELRET D, BEFE
IZDWTIE, 2K HIRBRE & BERR O KB LI sk i o Hi )

,—-—.(3_:_,

FEHET —Z OB L v mE o ER bR b N A
R aRDTND
B6ETIL, HEICARLOE LEDETLERLTNS,

AWFFETIE, 2K A S EOES KO F &0 #S T,
MR B2 S IR B~ DB &K A SR B KB s
BOHN~DOHBEINZHONT, ENENFIEOREEZITV,
B FRBE D FHE MM T E D KB RE ) THIFIE
L7, ZHUCED . KPOLREPKEITEA SRR
DENFREZBNTH, BHOFTAGNT A ethkb, E

DLERFE DHEFFATREL 72 D,

WXFAEDODEE

BIRMOTRERO BRI, EHFFELBENSIOFE
ﬁﬂg%%oﬁ IZ, FEFEH ) ORI FIRE 7 FE B D&
%#W%ﬁ@ ETHZLThD. #HUREEZ R E
D=, §§a55j77ﬁ>%ﬂﬁﬂﬂﬁgT E72 KBEOEFE R & D%
ﬂﬂt%@ﬂjﬁ?’@'ﬁ)ﬂﬁTKT%é BRIZ, O RKBEH
BORERERIZL > T, TO@AHAFRITETET
EERREE 2> TETWS., KB ER I THIEZD
ATEE & 722 BTN DWW CIRIT TR R e 03 70 S
TWVDA, R ERAFIAL, B—Haickir s
WaEEHERET VW TERBECTCTNT S Z LI A
DENILTND. L, SEERTRZITI Z L IR A6E
ThHV, EIRFEREL, TRIDRAEZEOZ & 2HiE
ELTRREADOUEITILENDHD. 207, KEt
FEMNEZHR—ETIEIR GHETEZY 5 2 EOHH
ELTTHT DL, BLO, THIEE EEMESTEEL -
LA HIERE B &N E OBER A T LR GEE I e
SHDLZENABTHLIEMER L 2 WTRFETHDL
ENBMSEEND. I BIT, B HIBITIKEGRR O R
RBIEND b oI TH Y, H—MR72 0 Tl A
B KRG EH N TRZIT) ZEPALETHD.

AFRICE, KEDO KT EIHR INTERHOFT
FaE HIZ B W TR EE & 70 58 ) St s Hilge N oD KBGO
FEEOMATRELIT O 2012, EROEFIISZ b4

KAFHETHFIEE ENEEE 2 72 KR E T

FIEERELIZLOTHY, UTOERTZSEZHLTWDS

1. K[ETHREDPRENLZBAEOLEKRA &L XIS L
LT, REB IO HET — & OFEFHIRITIC IS
T, =D TIER < @R THRAET HEDIFE LT
THMEEFHT 2 HEEZBEEL TS

2. FHOEXKHFETHEIT S BRI, K toRKHiE
W ERRE A B LA IE B B A Fi IR R L, i
AN T ERES LV R KR E
DOEBLERETHZ LI LTS

3. FHOKLETHNLAE XH%;%%M#%W , T
2B ERT o ERHAT 2 Z L2k - T, ERKK
EAEIZ I LT WIS T VI L B TillE A
BEE LTS,

4, ZHHMEOBFHETHERS L TRRO TR EIT D
B, et Rshenic@poTET vE RSO
TR, MAMOREORFBIEZE T+ 5 Z &ic &
D, EETHHEOMER L OERT 2 FHET Lo
@%5%, THREZETIESZ &a<HL, 1l
WERT 27— 2 AT, THRMEFE, fERBREED 5]
PR EE TN 5.

5. LFE 205 4DMEEICE - T, FHTRAAHED

5%REOFHEAAEZFER L TV, 2, KB
FEERMAED 600 7 kWREOENRZFKICBW T

TAATREIC W D D IR 72 K IS8R D
FTHHE L, Lo T, $BEFERIL, ZoBEOE
NFZFEITIBNT, BT H R Ltkﬁ%$%@%ﬁﬁ%
WHICETE T HMENAE LR, ZA B+ 722 TRk
EEER LTV,

6. BRAFENSKERELI~OBR %, K5t
EIEE ORRE LM A EENICIERT 2 2 &R FEA
H7e G TIT 5 FEA G TN D,

DL IR CE, BAREOTAGEMICA KT
BV, o, EFEORGEFEEOSERERICI>TET
FTHEEEN/ERKLTCE WD RBEREN N THEZ, &
TIRFEEAE DORE EOBEFEIIEx 22 ET 5 k%
A%, IMELLELOTHD. ZOMEIL, S5H%OKEEIE

BREBEEARICBWTREDOEN 2 ENICHGT 572
OOBIRROERICEMT 2O THY, EXET LFE
FilifEH 5 ¥ TH L. Ko T, At (I3 o

AR CIMET 2 H DO LD 5.
K £ & BT

TR E T UE R 517 5 ()

’



-34- TN KRZFRF RS AT SEHA A 19K Bl

ARG B AT

FAL G SC R 4

VR 2549 24 H

A Design Method of Nonlinear
Real-Time Optimal Controllers to Save
Energy for Hybrid Electric Vehicle and
Hybrid Vehicle
Powertrains
(N TV Y FERABEL ST 74
YA T Yy FEREBE ST — | L
A DI E R A e =
ba—5 O—RFHE)

Plug-In Electric

A LA A B
(F A& JuRTE #H &7 IR KR
& %) " b AR
/i / N E I 1B

wWXHRNEDEE
In recent years, more efficient and cleaner energy
utilization technology has become a research hotspot due to
the rising prices of fossil fuels and environmental problems.

The problems have led to the development of hybrid electric

vehicles (HEVs) and plug-in hybrid electric vehicles (PHEVs).

In this context, population of HEVs and PHEVs (referred as
hybrid vehicles later) is growing. HEVs consist of the
traditional internal combustion engine, the battery, and the
motor/generator as their powertrains. The difference of
HEVs and PHEVs is that PHEVs have an enlarged battery
pack and can charge the battery using electricity from an
electric grid with a plug. Hybrid vehicles can regenerate the
dissipation kinematic energy during deceleration and use the
redundancy that the internal combustion engine and the
motor/generator can provide energy at the same time to save
energy. A properly controlled hybrid vehicle having the
redundancy can reduce fuel consumption compared with that
using a conventional internal combustion engine vehicle
(ICEV). However, the engine optimal operating point
depends on the property of the engine, the surrounding traffic
conditions, the road slopes till the destination, and so on
which change every moment. Also, if the battery is operated
beyond the battery state of charge limits, this will lead the
battery degradation and affect the battery longevity. There
are two kinds of conventional controllers for hybrid vehicles
which are the rule-based controller and the feed forward type
controller. The rule-based controller can keep the battery
state of charge between the thresholds; however it cannot
guarantee the optimality of fuel economy. The feed forward
type controller optimizes the operating points of the
powertrain given the driving profile. In this dissertation, the
nonlinear real-time optimal controller is proposed to cope

with the above difficulties.

The proposed method can optimize both the engine
operating points and the driving profile simultaneously.
Though the hybrid vehicle powertrain is nonlinear, the
proposed nonlinear real-time optimal control approach can
modify the optimal driving profile considering surrounding
vehicle driving conditions every sampling interval. The
30%-50% of fuel economy improvements is realized by the
proposed approach. This dissertation improves HEV/PHEV
energy management research by adding three main novel
contributions. First, using the HEV/PHEV property, the
desired battery state of charge is designed according to the
road slopes for better recuperation of free regenerative
braking energy. Second, the battery state of charge at the
instant of reaching the destination can be specified to utilize
the remaining battery charge as a home power source. Third,
the vehicle spacing is kept above the minimum value, and this
gives the freedom of control for vehicle speed variety to get
better fuel economy. The topic is addressed in three phases
according to the model types.

First, the existing model of hybrid vehicles that models
the dynamics of the battery is used to confirm the fuel
economy improvements. Considering the HEV physical
constraints: the battery state of charge bounds and the
vehicle speed limit beforehand makes the optimization and
the fuel improvements trustworthy. The desired battery
charge/discharge profile is obtained using the proposed
approach. The optimal power-split between the engine and
the battery is obtained.

Second, the plant models of the battery, the engine, and
the motor/generator are developed in this research. These
models are proposed to optimize both the engine operating
points and the driving profile considering the engine
dynamics, the battery dynamics, and the vehicle dynamics
with HEV physical constraints: the speed and torque limits of
the engine and motor/generators.

Third, the proposed method is extended when the
driving distance is unknown using the existing model of
hybrid vehicles. There are two kinds of control strategies for
PHEVs: charge depletion and all-electric charge depletion
followed by charge sustenance. The fuel economy
improvements for the PHEV are confirmed with driving
distance uncertainty in reality using the proposed all-electric
charge depletion followed by charge sustenance control
method. The proposed controller can be constructed without
the trip distance information which is required in the control
method above.

In total, this dissertation proposed a nonlinear real-time
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optimal control algorithm for energy management in HEVs
and PHEVs. The main contribution is a systematic real-time
optimal control approach for energy management in HEVs
and PHEVs using the information of future road loads. This
systematic design process is useful for significant fuel
economy improvements in the energy management control
unit application without improvements of powertrain
hardware. The conclusion is that the nonlinear real-time
optimal control approach has effectiveness for the energy

management problem of the HEV/PHEV system.
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Rapid-Melting Growth of
Ge-on-Insulator
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Over the last fifty years, the performance of Si based
microprocessors has been improved continuously through
device shrinkage and improving device architecture.
However, Si transistor performance is fundamentally limited
by the carrier mobility. Furthermore, the Si transistor is
shrunken into the nanometer scale where maintaining
transistor operation becomes exponentially difficult. In these
circumstances,  implementation of  high  mobility
semiconductors for next generation large-scale integrated
circuits (LSIs) has become essential, and significant research
efforts are being exerted for such ends.

The main purpose of this work is to develop orientation
stabilized Ge-on-insulator (GOI) using the rapid melting
growth (RMG) process. The previously reported work on the
RMG method was focused on fabricating high-quality
large-area Ge strips, e.g., achieving 3 um x 1 cm strips with a
thickness of 100 nm. However, till date no demonstration has
been done on the nanofabrication of GOI using RMG. As a
result, the nanofabrication process of GOI structures using
the promising RMG method should be developed. It is
expected that growth characteristics and crystal quality will
have a significant dependence on the fabrication process and
structural dimensions. Hence, the crystal characteristics
should be extensively analyzed.

A major problem of the RMG technique is the rotation of
crystal orientation along the strip length in the growth of
(111) oriented Ge in <112> crystallographic direction.
Recent development in Ge transistors has shown that the
electron mobility shows a strong dependence on crystal
orientation. It was demonstrated that the effective electron
mobility in a (111) Ge channel is 1.5 times higher than that in
(100) oriented channel. Therefore, it is important to obtain
orientation stabilized (111) GOI.

Under such background, a formation technique of
orientation stabilized GOI has been developed for realization

of next-generation LSIs. This dissertation consists of five
chapters. Contents of respective chapters are briefly
described below.

Chapter 1 summarizes the background, the objective, as
well as an outline of this study.

In chapter 2, the nanofabrication process of GOI by RMG
and the crystal characteristics of (100) oriented Ge
nano-strips are presented. Here, dependence of the growth
characteristics and crystal quality on Ge strip dimensions is
discussed. It is demonstrated here that thickness reduction of
Ge strips tends to produce orientation instability. It is also
shown that narrowing of strips is effective in suppressing the
unstable growth. It is found that narrowing of Ge strips can
improve growth characteristics, thereby growth of high
crystal quality thin GOI structures becomes possible.

Chapter 3 presents the results of the effort to obtain
orientation stabilized growth of GOI from (111) seed. In this
work, the knowledge of orientation stabilization by narrowing
of strips, as learned from the work on (100)-GOI
nanofabrication, was employed. Successful stabilization of
crystal orientation in thick (100 nm) and thin (50 nm)
(111)-oriented GOI strips with any growth directions by
strip-narrowing has been demonstrated. Here, a strong
dependence on growth direction is also found. Crystal
characteristics are presented in detail in order to understand
the cause of orientation instability and how stability is
obtained by narrowing.

Chapter 4 is the detailed
characteristics of rapid-melting grown Ge in order to find the

analysis of crystal
physical process of rotation and the reasons behind the
observed effects of thinning and narrowing of strips. Here,
various propositions on the explanation of the process are
examined. A comprehensive model to explain the process
based on introduction of local-strains by Si-diffusion and
relaxation of the local-strains at strip-edges is presented in
this chapter.
The concluding remarks are given in Chapter 5.
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Wireless communication applications such as mobile,
wireless sensor network and wireless local area network,
have an explosive growth in recent years. With the rapid
growth, the requirement of low cost, high performance,
extremely low power and high integration radio frequency
(RF) integrated circuits (RFIC) is also increasingly higher. In
the past decades, complementary metal-oxide-semiconductor
(CMOS), a low cost technology for constructing integrated
circuits (IC), has been employed by RFIC researchers and a
number of high integration RFICs such as RF transceivers
which integrate phase lock loop (PLL) or voltage controlled
oscillators (VCO), filter, mixer, power amplifier (PA), low
noise amplifier (LNA), variable gain amplifier (VGA), analog
to digital converter (ADC), digital to analog converter (DAC),
and have both transmission and receiving functions, have
been designed successfully.

However, despite the characteristics of low cost, high
integration, CMOS technology also reveals thin metals, high
loss substrate disadvantages, which brings challenges in the
design of high quality (Q) factor inductors and filters, low
phase noise VCO, and high efficiency PA.

In recent years, micro electro-mechanical systems
(MEMS) technology has become a new solution to
compensate the demerits of CMOS. High performances
RF-MEMS devices, such as RF-MEMS switches, variable
capacitors, filters, resonators and have been reported and
several approaches for integrating MEMS with CMOS have
been published, which makes monolithic MEMS-CMOS RFIC
possible and become the trend of development of RFIC in the
future.

Oscillators which are used to generate local oscillation
signals such as voltage controlled oscillator or to generate
reference frequency signals such as quartz crystal oscillators
are one of the most important building blocks of RF
transceivers. To realize a high performance RF transceiver, a
high accuracy frequency reference and a VCO which has the
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features of low phase noise, low power consumption and
small area are required. For frequency reference, quartz
crystal oscillators are usually adopted as the low phase noise
and high accuracy. But the frequency of quartz crystal
oscillators is very low and they cannot be integrated because
of the incompatibility of the silicon substrate and the large
size of quartz crystal. For VCOs’ design, two main topologies,
which are usually adopted, is inductor-capacitor (LC).
However, since the low quality (Q-) factor of on- chip
inductors, the phase noise of LC-VCOs has always been an
issue, normally about -120 ~ -130 dBc/Hz at 1 MHz offset
frequency. Thus, it is necessary to find other solutions to
create a kind of oscillators which have low phase noise that
consumes extremely low power and is able to be integrated
with CMOS technology.

Film bulk acoustic resonators (FBAR) have very high
Q-factor around 1000 or even more. Using them to replace
the low Q-factor on-chip inductors to design low phase noise
GHz-range oscillators, has been of great interest and some
FBAR-oscillators which have low phase noise around -140
dBc/Hz at 1 MHz offset frequency is able to obtain by some
published papers . Based on the introduces above, it can be
shown that FBAR-oscillators have the potential to satisfy the
low phase noise and integration requirement, but the
challenges to design FBAR-oscillators are multi-frequency,
differential output, the further improvement of phase noise,
low frequency instability and monolithic integration. The low
phase noise potential and those challenges give the
motivation for this research.

In the beginning of this thesis, the demand of low cost,
high performance and high integration of RFIC and the poor
phase noise and high power consumption of the normal
Ring-oscillator and LC-oscillator are emphasized. In order to
solve these problem of current oscillator, researcher are
trying using high Q-factor FBAR resonator to design low
phase noise oscillator. Then the structure and equivalent
circuit model of FBAR and the oscillator theory including
Barkhausen criteria, negative resistance and phase noise
model which can also be used in FBAR oscillator are
presented to provide the theoretical foundation of FBAR
oscillator design. In the realization of FBAR oscillator, at first
the Pierce FBAR-DCO and the inverter based FBAR-DCO
are designed because of the simplicity in design. The
oscillation condition of these two FBAR-DCOs is analyzed
and the simulation result demonstrates that the FBAR-DCO
is able to obtain a phase noise which is 20 dB lower than the

phase noise of normal LC-oscillator. Then the second kind of

FBAR-VCO in this thesis employed cross-couple architecture.

Two methods to mitigate low frequency instability are
proposed, which the first method employs a capacitor and
while the other one employs a series inductor-capacitor. By
considering the effect of transistors’ size on the Q-factor and
impedance of FBAR, excellent phase noise and high loop gain
are obtained. Furthermore, based on the designed
cross-coupled FBAR-VCO core, a multiband FBAR-VCO
operating at 0.65 GHz, 0.98 GHz, 1.96 GHz and 3.92 GHz is
presented. Although the traditional divider and multiplier are
employed, the possibility of a multiband VCO using
FBAR-VCO as a core circuit has been developed. Finally, in
the last part of this thesis conclusion, new applications of the
developed FBAR-VCO and recommendation for future works
are summarized.
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