SN KREZZ2MTIER Y R b

Kyushu University Institutional Repository

FAMLEERS
Awinash, Anand

Md., Anwarul Kabir Bhuiya
P, ZHK

IR, #3

ftt

https://hdl. handle. net/2324/1564275

HARIESR : WM KZRZIRY AT LABERBZHLE. 18 (2), pp.105-134, 2013-07-26. I KFEKZFFRS
AT LEREF 5
N— 30

HEFIBAMR

2 KYUSHU UNIVERSITY




Rk 25 £ 7 H

TMRFER LS 2T MG A

- 105 -

FURAXEBERS

K 4 Awinash Anand
TR FE S U MR 488 5 (F)
b ot FRK254:3 H 26 A
57 6L T SR 44 Wideband Multi-Bit Continuous-Time
Delta-Sigma Modulator
IR~ VT Ey MR T L A -

D
TSI ZE B
(F &) JUlNKR® & & F H B —
(Al ) n I moogE Fno A
" " He#Z & » K —

WXHRNEDEFR

Analog-to-digital converters (ADCs) are the key building
blocks of majority of electronic systems. Real world signals
such as audio and video signals are inherently analog and the
rapid and cost effective development in digital CMOS design
motivates robust, programmable and reliable
digital-signal-processing (DSP). Hence high performance
ADC is mandatory to be compatible with the general trend in
communication system design to convert the input analog
signals in to digital 1’s and 0’s that can be processed using
robust, programmable digital systems. Recent development
in wideband data transfer forces ADC design to produce
high resolution over a wideband signal, for example more
than 10 bit resolution over 20 MHz bandwidth for WLAN
application. ~ Moreover, portability of modern devices
expects design to be extremely low power. Achieving high
resolution at low power consumption is quite challenging and
thus analog-to-digital conversion design becomes critical.

Though there are several architectures available for
ADC design, delta-sigma (A-X) modulators are an important
class of analog-to-digital converters which use the concept of
oversampling the signal and shaping the noise out of the band
of interest. Though initially these modulators were
considered for medium speed, high resolution applications,
recent development in CMOS technology and circuit
techniques have enabled to explore the regime of wideband
Mobile
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resolution. Universal

System (UMTS) wuses a
bandwidth of 1.98 MHz and a resolution of 12-bit or more is
desired whereas wireless local area network (WLAN) uses a

bandwidth of 20 MHz and a resolution of 10-bit or more is

signal  for  high

Telecommunications

desired. These two applications fall into wideband
applications with high resolution and have quite a different
range of signal bandwidth. Continuous-time (CT) A-X
modulators are one of the best suitable architectures as it
provides high resolution at low power cost. The real
advantages of such modulators are that high precision analog
components are not required for achieving good performance.
This design pattern is important for deep sub-micron
technology which permits low supply voltage with poor
matching characteristics. Low power consumption and
intrinsic anti-aliasing filtering are the two major advantages of
a continuous-time (CT) A-X modulators system over the
corresponding discrete-time (DT) A-X modulators. In addition,
due to internal sampling any error is noise shaped together
with the quantization noise. Thus, CT A-X design techniques
avoid the key non-ideality of a DT A-X modulator. Since a
multi-bit quantizer results in better performance by allowing
higher out-of-band, higher dynamic range, lower power
operational amplifier and lower sensitivity to clock jitter, it is
preferred over single-bit quantizers.  All the above
mentioned advantages motivate to design wideband multi-bit
continuous-time delta-sigma modulator.

The thesis is organized as follows. Chapter 1
summarizes the achieved design performance of the two
modulators and low power technique feedforward charge
injection technique (FCIT) and describes the design targets
and its scope. Chapter 2 briefly reviews the fundamentals of
delta-sigma modulator to be used for design purpose in
following chapters. Since behavioral simulation of the
modulator is critical to ensure power efficient and stable
modulator, chapter 3 describes the behavioral simulation
based on the proposed analytical method to determine
Chapter 4

implementation for the two modulators and discusses the

out-of-band  gain. explains the circuit
results obtained. In chapter 5, we elaborate FCIT as a low
power technique. Chapter 6 concludes the thesis.

In this paragraph and next one, we summarize the
performances of the two modulators that we explain in
chapter 3 and chapter 4. Designing wideband multi-bit
continuous-time delta-sigma modulator is quite challenging
with reference to coefficient determination, stability at low
power and hence appropriate choice of out-of-band gain is
critical. In this research, first we aim to investigate an
analytical method to determine out-of-band gain for multi-bit
quantizer which could be different from 1.5, a rule of thumb
for single bit quantizer. Since peak SNR and maximum stable
amplitude have trade-off and we wish to maximize both, our

analytical approach to determine out-of-band gain ensures
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that both the peak SNR and the maximum stable amplitude is
maximized at the same time. We proposed a simple and
systematic MATLAB simulation which employs Risbo
method and analytical simulation to determine the optimal
out-of-band gain to achieve a maximal SNR and the maximum
stable amplitude in a multi-bit delta-sigma modulator. To
illustrate the proposed method, a 128 MS/s, 2 MHz signal
bandwidth 4% order 2-bit continuous-time delta-sigma
modulator is designed and implemented in 0.18 um CMOS
technology to verify the concept. As a result, the modulator
achieves a peak SNDR of 79.3 dB and a dynamic range of 83
dB for a 2 MHz signal bandwidth (OSR = 32) while
consuming only 7.8 mW from 1.8 V supply. The design
results in FoM of 0.26pJ/conv which is significant and
motivates to use this analytical method.

In designing wideband multi-bit continuous-time
delta-sigma modulator, clock jitter, excess loop delay and
stability are of major concerns and to deal with all these
non-idealities and to mitigate the effect, we provide a
systematic methodology to design such modulators which
ensures stable, low power high performance delta-sigma
modulator. ~ We illustrate our design methodology by
designing a 4™ order 2-bit modulator with OSR of 16 for signal
bandwidth of 20 MHz. This modulator has quite wide
bandwidth and is suitable for WLAN applications. The
methodology explains how to design a low power modulator
from its specification through behavior simulation to circuit
implementation. It addresses the choice of architecture and
topology, out-of-band gain, NTF synthesis and stable
coefficient determination, scaling to optimize the output
swing of integrators and power through MATLAB and cppsim
simulations and then in the next step circuit macro-models
are simulated. Finally, the actual transistor level design is
simulated. The designed modulator has a high SNDR of 65.7
dB and a high dynamic range of 70 dB for a signal band of 20
MHz. The modulator consumes 19.7 mW power from a 1.8 V
supply to achieve FoM of 0.31 pJ/conv.

A low power technique, feedforward charge injection
technique for a continuous-time delta-sigma modulator is
analyzed in chapter 5. We find that the feedforward charge
injection technique (FCIT) in a CTDSM significantly reduces
the node voltage swing at the input of the operational
transconductance amplifier (OTA) and thereby relaxes the
design constraint on OTA by suppressing third harmonics and
thus reduces power consumption significantly. We also
observe that there exist three different regions of design with
respect to the power consumption out of which only one
region is critical with respect to power reduction and robust

design. Combined with the regions of design FCIT enables to
design robust CTDSM with low power consumption. The
SNR improvement is up to 35dB for FCIT topology of
CTDSM. For the same desired SNR, the FCIT topology
works for much lower bias current up to 60% lower. In this
work, approach is validated with first order modulator and it
is recommended that further research be continued with

higher order modulator for real applications.
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Magnetic markers, which consist of magnetic

nanoparticles and coating materials, have been widely studied
for biomedical applications, such as magnetic separation,
immunoassay, biomedical imaging, drug delivery
hyperthermia. The first and foremost focus of this thesis is to
develop a liquid-phase immunoassay system using the
Brownian relaxation of magnetic markers and different types
of magnetic sensors.

In Chapter 1, I give a brief introduction on the
conventional immunoassay methods, which is used for
biomedical diagnosis. Compared with the conventional
methods, the liquid-phase immunoassay technique enables us
to omit a time consuming washing process called bound/free
(BF) separation. Then, I give a brief introduction on magnetic
markers and their biomedical applications. Characteristics of
magnetic markers necessary for biomedical application are
also discussed.

In Chapter 2, magnetic properties caused by the
Brownian relaxation of super-paramagnetic nanoparticles are
studied, such as AC susceptibility and M-H curve. Frequency
dependence of the ac susceptibility and the magnetization
curve were measured. The effect of the viscosity of the
carrier liquid on the ac susceptibility was also clarified. The
experimental results were analyzed by the singular value

decomposition (SVD) method in order to estimate the

distributions of size d and magnetic moment  of the markers.

From the frequency dependence of the susceptibility, I

obtained that the maker size is distributed from 40 nm to 80
nm with mean diameter of d=60 nm. Form the magnetization
curve, we estimated that the magnetic moment distributed
from 5X10% to 5x10%* Whm with mean value of #n=3x10%
Whbm. Combining the above two results, we also obtained the
relationship between m and d. The present analysis makes it
possible to quantitatively characterize the Brownian
relaxation of practical markers, where distributions of particle
size and magnetic moment are large.

In Chapter 3, detection principle of a liquid-phase
immunoassay technique is shown, which utilizes the
Brownian relaxation of magnetic markers. In this method,
biological targets were fixed on the surface of large polymer
beads whose size was typically a few um. When the magnetic
markers were bound to the targets, their Brownian relaxation
time was dominated by that of the polymer bead, becoming
much longer than that of unbound (free) markers. The
resulting difference between the magnetic properties of the
bound and free markers was detected by relaxation
measurements. Therefore, we can magnetically distinguish
the bound from the free ones, i.e., we can omit a time
consuming washing process called bound/free (BF) separation.
This is one of the important advantages of Brownian
relaxation technique. This unique property was found out and
applied to my dissertation.

I also characterized the properties of the magnetic
markers for liquid phase immunoassays using Brownian
relaxation. I obtained the distribution of magnetic moment
and anisotropy energy E}; and determined their relationship.
From the obtained result, I showed that we could classify the
particles into three types: Type-1 particles with very small m
and very short 7y, Type-2 particles with medium values of m
and 7, and Type-3 particles with large m and very long 7
The proportion of these three types of particles in the marker
was quantitatively evaluated for the first time. We could
estimate the proportion of particles responsible for the signal
and the fraction of this proportion that was included in the
marker. The characterization method developed in the
present study was very useful for determining which markers
were suitable for liquid phase immunoassays using Brownian
relaxation.

In Chapter 4, the sensing system for the liquid phase
immunoassay is shown. Details of the measurement system
using MR and Flux Gate sensor are described, including the
sensitivity of the system. The measurement system using the
MR sensor showed a sensitivity to detect 1.4 X 107 of the
markers in 60 ul of solution. The sensitivity was improved as

8.3 X 10° markers when the flux gate sensor was used. Using
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the developed system, we demonstrated the detection of
biological targets called biotins, which were conjugated on the
surface of the polystyrene beads with a diameter of 3.3 um. A
strong relationship was obtained between the number of
bound markers and the number of biotin-conjugated polymer
beads, which confirmed the validity of the method. The
minimum detectable number of beads was N, = 10,000 and
5,000 for the case of the MR and the flux gate sensor,
respectively. Since about 700 biotins were fixed on the single
polymer bead, the minimum detectable number of biotins was
estimated as N, = 7.0 x 10° and 3.5x 10° for the case of the
MR and the flux gate senor, respectively. The detection
sensitivity can be estimated as high as 1.9x 107 and 0.8 X
10 mol/ml in terms of the molecular-number concentration
of biotin for the MR and the flux gate sensor, respectively,
which are comparable to the conventional optical system
using the washing process to separate the bound and free
markers. Therefore, we could successfully demonstrate the
high sensitivity of the liquid-phase detection without using
the washing process for BF separation.

In Chapter 5, main results obtained in this research are

summarized, and future research directions are discussed.
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II-VI AL & 8K T h 2 R bifigh (zinc oxide: ZnO)iT,

337 eV DRERNY FXy v 7T R F— L RO
FF—(26 meV) LV b KX 2R b 1 A= kL ¥ —(60
meV)ZFED, ARICHE L BRLEETHD 2 L2 b,
GaN (ZH#bo 2 RN TR THELE LTI S
TW5. F£72, In0 id~A 7w « F JERIEEEY 5 <,
B ZIET ) U A YR 72 & OB EEE R B 72 fb i
ZH OB ERTE 5. ZoMEEFATIE, Rtk
DEHIRYV YT T T 4 EEOBEMERER T o 2 &2 AN
TICEREEELER X520, InO~A 21 - F
J SRR — oA T 4 v T Ta vy s
LLTHEHINTWS., &6, FE T Zn0O~1 271 »
FRREEFIRALTHETRZ U b7 7 e 4
S &G DR T m S R MU NES L — T — LR O B %
BT DML AN 525D, LnLeRns, kx
RIGRD Zn0 ~ A 7 7« F /7 fEGR IR D L — W —FIRRE O
fRBNIWE A+ CTh Y, BIREEOHIEENR b 412
ENL XL TUVR D,

AL, BMEIREFFS Zn0 ~A 7 v - F ik %
FIA U7t/ N R E S L — P — IR R ORI &, P00
AL — PN RIC B2 Zn0 ~ A 7 & -/ fEd O
PN TIEE N RY 7 HINORREZ BN E LT To
T aE L DL DT, LTDO5HENPLERIND.

WE1IEIFRTHY, AMFFEOERB L OAHLOESE
EREZ RTINS,

H2ETIE, Zn0OF /U AY, I/ v— b, #uhEko L
— IR HEAE O EIA & FIRFEME OFFMIZ DV TR R T
W5 ALERREEREEZ AT Zn0 VA Y B LT/
= MEER L, BN CIEE E VO S H—
FERIR D B OWUNEIRER L — W — IR ORI 2 17 -
7z. ZnO F 7 v — FOREEIEIL, T/ T A Y ORIER
D 1/3 BE LKL, T/ v— FBENZ L —F —/h it
BRELTHS ZEEZRLTWND. &b, KaFL—&
—T T —vaRICE Y, SERUAVY SRR
B 72 ZnO BUNEROIERUZ LTI L, S & 4172 B — ZnO
BONER D BB 72 L — — BB A~ b L & AR B E
PEZ R L C, F1 T Zn0 U/ NERSE i CERAL L — W — 38 8%
ERELLCWD. TORBRMEZMIT LT, MUk E
FeAE R T % 2 &AL 7~ whispering-gallery mode
(WGMIZ LD L —V—RIETHHZ L &R LTz,

FIETIE, 74 b=y /RN RRIc L7
JVE— R L —H—FIEEH O HIZ, 100 nm LA O ZE[# 55
fifRETZnO F / fERE T 32 2 &% BRY & LT, focused
Ga" ion beam (Ga-FIB)IZ X 2 BN TIE L, &R~ A7 &
Wiz 7 LxovEl & FIH 3 2 ZFEO 5 7 3 R AN
THEIZOWTERIMRG 21T > T\ 5. Ga-FIB ¥ TiI, 10
nm LA FICERATRER A A B — L% AW, Zn0 7/ U
A ¥ RICETE S 2 BN LT 5 2 SIS E LT

A, ZnO FEmR oS e OMEENBR S, (4
RE%OBIR - fEREEl, ARy ZINTAER LT =
— U X AW EE R IOV CRBE AT o TR, T/
WABM T 21T 5 7= DI+ M T fERE Tidd 2 4%, Zn0O
FROMETMEIC LY, koA TEFE—2 %M
WML OMEEEZRR L TW5. £72, 7 LR/AERIC
LBV TWEMTIECBE L TIE, 3 RITEBAIHY T =
L—& AW, HELFRBEOHOMAE RO v AT %
FTZET, BHOME FIZBWTT LR VENC L D Y7
EMIRERTXAAMREMENRSHH L ERLTNDS. S5
2, TEA CO, (2 =10.6 um) L —HF—J 87V v K< A
7 W THEFEEREITV, A A S AR & 5t G e/ M
TAEN3Apum &, EREDO V3L OV TEEM T AELL,
AFEOHIMEEZRLTND.

BATETIE, SN AL —F—HBENZ X > T Zn0 <=
A7 v - F 7 FERENE < laser-induced motion (LIM) % bt
AL, SMBETINE R 2 FH W72 KK T Zn0 fEfik~ > R Y >
THMINZ DN T RTWS, LIM OJFEIZ OV TR &7
S TEAES, JEINIZ K 5 ZnO 5 fhE g O 2R e BRI
K45 EfEmftt i bnz. /B r—F—Jo v 2igo
PIZHEEN B & Z END =8, b TR E IR E N
S, LM BB ERZEND. ~ 17 1 - F /fERRE,
EO/NE SHITHR - BeSIFIEEE L <, WEROBLFIE
ELTE, BRI LIz~ A 70« F )/ fEmiREs L
TAFEKEENMOSNLTWS., KFEEZFIHTAZ &
T, WIRERWD Z L RRFCHEMATE 288 R
U v A EE LTV 5.

FHETIX, AFETHLNZRREEE LD, SHORE
LT ONW TR,

MXHEEOEE

VI AL &P P8R TH D ELHish (Zinc Oxide:
7n0) 1%, 3.37 eV ODRERNY ¥ v v SR LF— L&
ROBT L F— (26 meV) & ¥ K& ZpFhild 73— %L
XF—(60 meV) L, AEICHELL, BRLVEETHD
b, ZEAV U AT D BRIV R T
MRS LTI SR TWA, F£72, n0id~A 2o m - F)
FEERIREED B <, BIZIET /) UA YRR EOEiRE
FRFORE RS E B OMBMICER x5, ZomE%
FIHTHUE, /DL H RV V7T 7 ¢ RO ER
Tt A EHNTICEEEEEEERTEL 2200,
n0 <A 7 ua )RS — Y —Hoe T (v
J7ay 7t LTHEEBSNLTWS., X5, H&IFTEZn0
~Aru - FRBREEFNBALCHRZETRT Y T T
R g LG DR T B WU NES L —
TROBRBICET D LA D o5 D, Lvl, &
FIERIIRD In0 ~A 7 1 - F / FESIERD L—H — 3R
FEX A SN TR 6T, BIREE ORI+
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IZHESE S AU TV R0,
RimClX, Zn0~A 7o« F 7§k 2R U=

S —F— N Z BRI L LC, bk S i & FEE
KD In0~A 71 - F J fEEIRD L — P — 8RR % fif B
THELEBIC, L=V —HEoREZ B LT Zn0 7/ 4%
DT/ IMTE IO ZI0 T/ fidho > R > 7 Hli OB
HERORREEELDIZLDOT, ROMTIMETE 5.

F—IZ, B—F /o — FO L —F =R E2 I 50T
LTWaA., ZHETIT, B—7Zn0F/ UA ¥ DL —HF—3
B MR LSRR TWER, B—F /v —1tDL
— PRI ITE STV R o 7o (LR AR R %
HWTZn0 7 o — FEA/ERL L, BAMREE 2 VO
b S B — Zn0 F /) — b OBV ERZE L — Y — IR
B2 0 Calili e LTV 5. ZDFER, Zn0 7/ v — b
DFREHEIL, Zn0 F/ T A ¥ OFRIRBMED 1/3 F2HE &K
<, T v—bBER V=T —HUNEER L LTl
LERLTND.

BT, EEMN 1 On BED Zn0 #/NROIERLZ L)
L, H— Zn0 #/NERDEES L — P —FIE AR D THE L T
W5, Zn0 BUNERICO W TIIERLB KR REETH - 7208
KEF L= =T 7 L—adkicky, SHESULVYEL
W& AR5 O BB 72 Zn0 UNROERICEEI L TWd. Zh
WX, SERhE ST B— Zn0 S/ NER DY B BARR 72 L —HF —
FIRARY bV & RIRBREREZ MR LT, 919D T Zn0 i
INERFE S TR L — I —RIEZ FEBLL TV 5. ZORIERE
PEZMRNT LC, BUNERINER &2 e 3R 5 2 & ITER L7z
Whispering—-Gallery Mode (WGM)IZ X B L —V —RIETH
LD EERLIE.

BT, 74 b=y 7RV RS IC K v v o vE
— R L —P—FIEFEHEDOZDIZ, 100 nm LLF D253 fiREE
TIn0F /fEmEMT T2 E2HME LT, R Y
LA A B — A (Ga Focused—Ion Beam : Ga—-FIB)IZ X A A
BINTikE, GE~A7 A7 Lol 2R AT 5
TREOY 7 EMMMN TIEEZFHME L TV . Ga-FIB LT
1L, 10 nm PAFIZEERATREZR A A B — L% HWT, Zno
T UA Y RICETE SR BN LT 5 2 &S
LTWa. F/z, 7L VEETIC L 3 7RI TIEICE
LTI, 3 RITE MR Y I 2 L—4F & AW CHEBRGE
EITH & & biC, TEA CO, L—H—3 (JEE 10.6 um) &4
BT Y » R~ A7 % 0 CE U TR & 5o
ITAIX 3. 4um, T72RDHEED 1/3 L TOV 7 EINT
BERBL, AFEOAMEEZEIE L.

BN, AN AL —F— KRG L > TIn0~ 1 7
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DL FEB L7z [[RFIEE Fe,Si/Ge(111)AH ) 1TER L
Ge v 1V A B MOSFET OEHIZHET T, LD 2K
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IRVBRAE EA - SR AFIALTH, Ge 7
A AN AE U ERERBLTO2FNRAETHLZ LEZHL
2N Lie. B s, JERE L HICEEICEfLTL
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pm?® DFUECIE, “FLP 230l S fu7z R 8”& “FLP 123X
Bl SN BRARE OME ZAFICBE LZ. ZoBEN
Fl—HEREVER LS Bl SRz L 25 BT
A&, FLP ZXEe4 AR E LT, TREXKRESS 7
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¥4 FETIE, 4J8/Ge R FLP % BMRAIZHIET 5 7=
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B (LSD) 1L, EH, BHI{b LAAL 0 Hift O FERR) 7038 A % 4%
el SN TBY, T, M IA5— MEEERETD
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fo. Fiz, TOWHEE AL EAN - BRERE LT
PN T8 ATV T, 3 8T Hanle 2050
i, 4SRRI TR EIRETE, 2 SR SRt E
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WRAIRTHDH.ZOXIREFOL L, NVARBH A L
— PR ICL > TH T T X~ % LT D ALPP: Laser
Produced Plasma) 5 70% FV /25 13.5 nm DR sk
(EUV: Extreme Ultraviolet) &A%, WOV V75—
A AR E LTRSS T 5.
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This dissertation addresses various issues related to
LLC resonant converters. It aims at achieving a low-profile
circuit and operating characteristics of bi-directional LLC
resonant converter for green energy systems.
Recently, switch mode power supplies (SMPSs) are used
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in various applications such as home appliances, Photovoltaic
(PV) systems and Electric Vehicles (EVs). In SMPS, a key
point is to achieve high power density, high efficiency and low
noise. To achieve both high efficiency and high power density,
the converter needs to realize soft-switching operation.
Among various soft-switching dc-dc converters operating at a
high frequency, the LLC resonant converter is widely used
because of following several advantages:

The LLC resonant converter has high conversion
efficiency at a wide input voltage range. The converter can
realize zero-voltage switching (ZVS) turn-on of main switches
and zero current switching (ZCS) turn-off of the rectification
diodes. Another advantage of the converter is that the
leakage inductance of the transformer can be used as a
resonant inductance. Therefore, power density of the
converter will increase.

On the other hand, there are some problems with LLC
resonant converter in practical applications. One of the
problems is that the transformer generates heat by operating
the converter using a flat transformer at high frequency,
because its losses increase with higher switching frequency
and becoming lower section area of the core. This problem
gets in the way of achieving high power density converter.

And, the bi-directional LLC resonant converter is one of
the profitable converters for the bi-directional power
conditioner to achieve high efficiency, low noise and compact
size. So far, a detailed analysis of the LLC resonant converter
for forward operating mode has been discussed. However, the
operating characteristics of reverse direction mode have not
been clarified yet.

This research presents design method of the LLC
resonant converter using flat transformer for temperature
reduction and analysis for the operating characteristics of
reverse direction mode for bi-directional LLC resonant
converter.

The thesis consists of five chapters. These chapters can
be summarized as follows:

Chapter one describes overview of SMPS. Furthermore,
switching loss, soft-switching techniques and resonant
converter are explained.

Chapter two presents concepts of LLC resonant
converter. It describes the details of operating characteristics
for the converter, which are impedance characteristics,
soft-switching region, voltage conversion ratio, and operation
analysis. Next, design parameters of resonant network in the
converter are investigated.

Chapter three investigates the design of a flat

transformer for reducing operating temperature. Magnetic

flux distribution in core is studied by using MAXWELL 3D,
which is electromagnetic field simulator. Two transformers
converter is designed for reducing its losses per one
transformer. It considers how to connect to primary and
secondary winding wire. Next, the transformer losses
depending on the number of the winding turns and switching
frequency are estimated. Finally, a 400W half-bridge
implementation has been suggested for achieving the
experimental validations and for realizing the studied
concepts. The low-profile power module of a thickness of
about 14mm could be built up by using flat transformer and
devices.

Chapter four investigates the operating characteristics
of bi-directional LLC resonant converter for reverse direction
mode. The operating characteristics of reverse direction
mode are analyzed based on fundamental harmonic
approximation (FHA) method. This chapter presents the ac
analysis of reverse direction mode. From ac analysis,
impedance characteristics, soft-switching region and voltage
conversion ratio of the reverse direction mode are discussed
in some detail. Also, the circuit operation of the reverse
direction mode is investigated. Finally, experimental results
are shown to confirm operating characteristics of reverse
direction mode.

Chapter five includes the final conclusions outline for
this thesis.
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Wireless communication is ubiquitous in today’s world.
The advancement of wireless communication technology in
the quest for better performance at lower cost, small sized,
mass producible has resulted in increasing stringent demands
on the integrated circuits (ICs) that constitute the building
blocks of wireless systems.

In wireless communication there are many types of
technique used in wireless transmission such as wireless
local area network (WLAN), wireless personal area network
(WPAN), ultra wideband (UWB), etc. UWB is relatively new
technique, used wireless transmission that is capable of
transmitting higher data rate over a wide frequency for short
range with low power. UWB technology has become the most
promising solution for future short-range and high-speed
wireless data communication applications such as home
server and cable less PC system. In 2002, the Federal
Communication Commission (FCC) in United States officially
released the regulation for UWB technology. FCC regulated
the emission limits for the allocated 7.5 GHz band unlicensed
use of commercial UWB communication devices. In addition
to high data rate applications, UWB technologies also offer an
extremely low cost alternative for many low data rate
systems. Ever since the FCC allocated from 3.1 GHz to 10.6
GHz for UWB technology, interest has been renewed in both
academic and industrial circles to exploit this vast spectrum
for short range, high data rate wireless applications. The
great potential of UWB lies in the fact that it can co-exist with
already licensed spectrum users and can still pave the way for
wide range of application.

The radio frequency (RF) power amplifier (PA) is an
important component of any wireless transmitter. Their
function is to amplify the signal and generate the required RF
power that allows transmissions of the signal over the
appropriate range. Power amplifier is most critical and power
hungry block in UWB transmitter, its efficiency directly
correlates to batters autonomy as well as the heat generated
and thermals design problems. There is increasing demand
for highly efficient RF power amplifiers to meet the
ever-growing need for power saving, compact and low cost
solutions. Moreover, emerging popular features such as video

camera, games, the internet and TV are being progressively
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added to new generation of wireless applications. However,
they inevitably bring additional power consumption and
burden the battery. High-efficiency power amplifiers are very
important to save more power during transmit the signals.

In this thesis, Chapter 1 defines the introduction and the
motivation, including the main objectives of this research. In
Chapter 2, the overview of wireless standards is introduced.
The PAs classes of operation which is linear PA is briefly
described. Also, four main performance criteria of PAs are
discussed. In this chapter, power amplifier for ultra-wideband
system is introduced. Two main standards and the frequency
allocation for UWB system are explained. The main
specifications for UWB PAs such as frequency range, gain
flatness and group delay are presented and the recently
published CMOS UWB PAs are reviewed.

Chapter 3 details a proposed design of a low group delay
variation power amplifier (PA) from 3.1 GHz to 10.6 GHz for
ultra-wideband (UWB) applications. The proposed design
employed employs a three-stage cascade common source
topology that has a different design concept from other
a broad bandwidth

characteristic, gain flatness, and low group delay variation.

multi-stage topology to provide

The resistive shunt feedback technique at the first stage is
implemented to achieve good input matching, which controls
the upper frequency of the UWB system. The third stage
realizes the gain at the lower corner frequency and the
second stage is used to smooth the flatness of the gain curve.
The measurement results show that the proposed design has
high gain of 11.48 + 0.6 dB from 3.1 to 10.6 GHz while
maintaining a 3-dB bandwidth of 2.2 to 11.86 GHz. The input
return loss (S;;) of -10~-26 dB and the output return loss
(S,,) of -14~-22 dB, indicating a very broadband input and
output matching characteristic, and the reverse isolation less
than -42 dB, are achieved. Moreover, the proposed design has
excellent group delay variation of +£85.8 ps and has the
smallest chip area so far compared to other works reported
on the full band UWB PAs. Furthermore, good linearity and
good power added efficiency of 15% are achieved across the
entire band of interest. However, this PA design suffers from
high power consumption of 100mW to achieve wide
bandwidth and good linearity simultaneously.

In Chapter 4, presents a design of 3.1-6.0 GHz power
amplifier (PA) 0.18 um CMOS technology for ultra-wideband
(UWB) applications. The proposed PA design is for group 1 to
group 2 of Multi-Band Orthogonal Frequency Division
Multiplexing (MB-OFDM) UWB applications. The UWB PA
employs two stages amplifier and inter-stage circuit to

provide a wider gain and gain flatness while shunt resistive

feedback technique is adopted at the input stage to provide
wideband input matching. The proposed design is optimized
for high and flat gain, good group delay variation and linearity
at the same time hence, the inductive peaking technique and
Class A PA are employed at the first stage and the second
stage. The measurement results indicated that the proposed
PA design has an average gain of 101 dB, an input return
loss (S;;) less than -6 dB, an output return loss (S,,) less than
-7 dB, and group delay variation of +195.5 ps are obtained
across the whole band. A good input 1dB compression point
of -5 dBm and input third-order intercept point of 5 dBm at 5
GHz are achieved while consuming 30 mW power from 1.8 V
supply voltage. With these characteristics the proposed
design is suitable for Group 1-2 of MB-OFDM UWB
transmitter.

In Chapter 5, presents the design, fabricate and test gain
flatness and low group delay variation at the same time over
the entire band of 0.9 to 4.8 GHz CMOS PA for UWB
transmitters. This PA design employs a two-stage cascade
common source topology, a resistive shunt feedback
technique and inductive peaking to achieve high gain flatness,
and good input matching. Minimization of group delay
variation over a wide bandwidth of interest has been analyzed.
Based on theoretical analysis, the main design factor for
group delay variation is identified where high inductance at
the input stage is the most useful to achieve minimum group
delay vatiation. To maintain the gain flatness at the same time,
the value of inductive peaking is optimized for desired gain
flatness and low group delay variation. The measurement
results indicate that the proposed PA design has an average
gain of 10.2 * 0.8 dB while maintaining a 3-dB bandwidth of
0.57 to 5.8 GHz, an input return loss |S;;| less than -4.4 dB,
and an output return loss |S,,| less than -9.2 dB over the
frequency range of interest. The input 1dB compression point
at 2 GHz was -9 dBm while consumes 30 mW power from 1.5
V supply voltage. Moreover, excellent phase linearity (i.e.,
group delay variation) of +125 ps was achieved across the
whole band. With these characteristics the proposed is
suitable for UWB application.

Finally, Chapter 6 summarizes and concludes the work
in this thesis, and discusses on possible future research based

on this thesis.
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In the agriculture area, the wireless sensor network
(WSN) plays an important role in sup- porting farmer’s
requirements and agricultural tasks to make improvements in
productivity and sustainable agriculture. It provides a more
accurate and reliable monitoring system for agriculture and
allows for significant simplification in wiring and contributes
to the reduction of maintenance complexity and costs.
However, the agricultural wireless sensor network
incorporates many variables such as different crops, different
environments, technologies, economics, and cultures. These
variables introduce significant efforts of configuring the
system for each site, making modifications, and producing
extensions of the system. Hence, the wireless sensor
network system for agriculture becomes a complicated and
large-scale software intensive system. This thesis focuses on
ways to reduce the numerous efforts and provides
comprehensive mechanisms based on software product line
(SPL) engineering to efficiently develop various agricultural
wireless sensor network systems to be deployed in different
fields with different crops, technologies, economics, cultures,
and communities.

We first study commonality and variability management
of agricultural wireless sensor network systems. We perform
logical level feature modeling for commonality and variability
analysis of agriculture applications executed on the entire
wireless sensor network architecture as well as physical level
feature modeling for commonality and variability analysis of
the component of the sensor network architecture. We
present the example feature models of the sensor
network-based agriculture system family. Our proposed
two-layered feature modeling contributes to showing a
comprehensive view of current and future wireless sensor
network-based agriculture systems and helps the agriculture
domain experts and software engineers to communicate
intuitively. The feature model will be useful for the
pre-design of the software and the reusable components
shared by the systems.

After managing and visualizing the commonality and
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variability of the system family, the second study we propose
is a decision-making framework with integer linear
programming (ILP) to optimize feature selection. Inclusion or
exclusion of each function in each variant system is
represented by the binary variable. The farmer’s
requirements and system constraints are reflected by the
assigning of 0-1 to the variables. Constraints on selecting
functions in each variant system as well as quality attributes
of the system are represented by linear functions of the
variables, which finally become the objective function and
constraints of integer linear programming. The integer linear
programming gives the best configuration for the system to
be derived from the core assets while satisfying the
constraints. The proposed decision-making framework was
applied to the case study of the sensor network system family
for field monitoring. In the case study, we obtained an optimal
configuration within the specified cost and power
consumption to satisfy the farmer’s requirements in
developing a field monitoring application. The proposed
framework will be able to be used to prepare the best
configurations for a new application or to optimize an existing
configuration for maintenance purposes. Once an optimal
configuration has been obtained, then we use it as a basis to
design an application model for domain-specific modeling to
automatically produce a final application.

After optimizing the configuration, the third study in our
proposed software product line engineering is to produce final
applications or products of the agricultural wireless sensor
network system family with the automation mechanism. This
work provides the automation mechanism using the
domain-specific modeling (DSM) approach. In the proposed
domain-specific modeling, we propose two-layered
abstraction models to increase the level of abstraction in
developing the agricultural sensor network applications. The
first level is the logical level abstraction to define the logical
aspects of sensor network applications; the second level is
the physical level abstraction to specify the physical
components of the applications and to form its network
architecture. Both of the layers are linked with task allocation
mapping. The task allocation mapping provides an easy and
flexible way to distribute application tasks into sensor nodes
and control the behavior of the sensor nodes or a group of
nodes. The results of the evaluation of the case study indicate
that the use of proposed domain-specific modeling language
and its generator for automating mechanism is capable of
increasing productivity in the development time by about six
to seven times that of the manual approach. The evaluation of

the quality of the generated codes in the simulation

environment shows the effectiveness of processing the tasks
in the case study; average calculation at intermediate nodes
could significantly reduce the cost of communication. In this
evaluation, the generated applications also have been run
MICAz

environmental data. In addition, to fulfill the software

successfully in the platform and collected
maintenance requirements on sensor nodes, the proposed

domain-specific model also provides reconfiguration
mechanisms for managing and updating software codes in
agricultural wireless sensor network applications. The
evaluation results indicate that the use of the proposed
domain-specific modeling is capable of increasing productivity
in development time by about four to five times over the
handwriting approach. The evaluation of the quality of the
generated codes in the simulated environment shows the re-
configuration process for environmental sensing applications
could be performed successfully without significantly
decreasing the network performance.

The three important aspects of software product line
engineering that we present for agricultural wireless sensor
network systems in this thesis become our proposed solution
to reduce the numerous efforts on extension and modification
as well as configurations and the proposed work is expected
as a comprehensive method to establish mass customization
for wireless sensor network development in the area of

agriculture.
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Deployment problem and channel assignment problem
are crucial issues for improving the network capacity of
WLAN. On the other hand, as the development of WLAN,
researches on positioning approaches as well as positioning
precision by using WLAN as infrastructure devises for indoor
positioning have also been proposed. Both of these two
WLAN-related research directions (i.e., on deployment and
channel assignment without consideration about positioning)
have been extensively for a long period. However, we are the
first, to the best of our knowledge, to consider these two
research directions with the restriction of indoor positioning.
That is, to consider deployment problem and channel
assignment problem in an indoor positioning system with
WLAN. Note that in our work, a basic requirement is that
terminals must be able to observe three base stations in each
positioning point, since we use multilateration (trilateration)
as the positioning method in our work.

In conventional communication area, deployment
problem denotes how to place base stations (namely Access
Points) to achieve the maximum coverage or to cover a target
area with the least number of base stations. In addition to this,
the requirement of positioning accuracy is also considered in
our work. That is, our work is about how to use the least
number of base stations to cover a target area and every
positioning point in the target area can meet a satisfied
accuracy value for positioning. Since the deployment problem
is a NP hard, we propose rapid algorithms to solve our
problem. In particular,

1. An indicator called Dilution Of Precision (DOP) is
introduced to evaluate the geometry relation between AP
deployment and positioning precision.

2. We construct a relationship between AP Deployment
Possible Points (APDPPs: the points to which APs can be
deployed) and positioning points.

3. The relationship is simplified by Boolean algebra for
mitigating the number of the relationships.

4. Based on the above work, our proposals (Directly
Enumerate Method and Division Method) are to find out the
least number of APDPPs and to deploy them.

According to our simulation results, our proposals are
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with shortened computational time compared with
conventional method of Original Combination Algorithm
(OCA).

Channel assignment is originally used to mitigate the
interference among APs. In our work, after deploying base
stations (as described above), to improve the network
capacity (throughput) of WLAN, channel assignment schemes
are considered in indoor positioning system. The throughput
estimated method in our work is based on the mechanism of
CSMA/CA with RTS/CTS. The objective function of our
methods is to achieve the maximum throughput.

To cope with different wireless environments, we
propose static channel assignment schemes and a dynamic
channel assignment scheme, respectively, as follows.

1. Static channel assignment schemes can be used for
relatively stable WLAN environments, such as offices.
Furthermore, we discuss the static channel assignment
schemes for two types of WLAN: infrastructure mode and
mesh network mode.

A static channel assignment scheme in the

infrastructure mode.
We first analysis four types of potential restrainers in the
infrastructure mode to calculate the throughput based on
CSMA/CA with RTS/CTS, and then propose an optimized
channel assignment method with a maximized overall
network throughput which must satisfy the requirements
of both positioning and communication.

A static channel assignment scheme in the mesh

network mode.
Due to the character of the mesh network, we consider
mesh routing and add three types of potential restrainers in
addition to the four types in the infrastructure mode above.
This work also considers the requirements of positioning
and communication simultaneously.

2. A dynamic channel assignment scheme is proposed for
dynamically changing WLAN environments, such as airports.

We discuss a dynamic channel assignment scheme in
the infrastructure mode. However, the difference of this
work with static schemes is that we use location
information of terminals as a feedback, to dynamically
assign channels to APs and thus to mitigate interference.
In the inspect of positioning, the estimate accuracy can also
be improved by assigning different channels to APs due to
that mobile terminals can receive more accuracy signal
strength from APs of different channels.

We evaluate the throughput of the three channel
To verify the

effectiveness of our proposals, we compare them with some

assignment schemes by simulation.

conventional methods (the Signal Method, the Random
Method, and the Least Congested Channel Search Method).
The results illustrate that the throughput of our proposals are
higher than any other methods mentioned.

We believe our work can be utilized to reduce the
number of base stations (with respect to cost) and to mitigate
the interference of base stations (with respect to
improvement of the network capacity of WLAN) in the
primary design phrase of indoor positioning systems by
WLAN.
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There are a lot of threats in the Internet, such as
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network scanning, distributed denial of service attacks, and
malicious software infections. Such activities target the
Internet users and services in order to obtain benefits from
the attacks. Furthermore there is a platform called a botnet
and adversaries launch these malicious activities by
constructing botnets. To monitor, analyze and avoid these
network incidents performed by botnets, many researchers
have developed network traffic analysis techniques.

One of the studies of network traffic analysis for network
incidents is darknet monitoring. A darknet is a collection of
routed and allocated IP addresses where no legitimate host or
service exist but can be reached from the Internet. Since
network scanning packets from botnets sometimes reach the
darknet, information obtained from darknet monitoring can be
used to grasp botnet activities. It is important to spread such
darknet sensors for better network incident handling. So far,
a darknet monitoring is conducted on the network that is not
used for real operation, and researchers discuss about the
characteristics of data collected from such monitoring
environments. Generally, since it is difficult for organizations
to prepare address blocks for monitoring, darknet monitoring
scheme on production networks is needed. However there is
no research that conducts darknet monitoring on real
operated networks and analyzes the data obtained from the
monitoring. In this dissertation, we conduct a darknet
monitoring on real operated networks with blackhole sensors
and active responders and analyze obtained darknet traffic.
We show several darknet traffic analysis and show new
characteristics of darknet traffic that cannot be obtained with
the existing schemes.

Next we study another technique for analyzing network
incidents. In order to grasp more detailed information about
network incidents, a honeypot analysis is useful. A honeypot
is a decoy of computer which is expected to be attacked,
intruded, and compromised by adversaries. By placing a lot of
decoys on networks, we can catch attacks toward the
networks and obtain useful information for those incidents. So
far several researchers have proposed honeypot placement
scheme on production networks. They try to assign as many
unassigned IP addresses on their networks as possible to get
much information about network incidents. However there is
a drawback in their IP address assignment scheme for
deploying honeypots when they implement honeypots on
production networks which have high dynamicity. To handle
this drawback, we proposed a new method which assigns free
IP addresses by collaborating with DHCP services on the
network. This method enables unassigned IP addresses

which exist separately in the network to be monitored. We

show the design of the proposed IP address assignment
scheme and discuss about the parameters to be influenced its
monitoring ability.

Last we study about a hot detection technique by
monitoring network traffic. To avoid network incidents,
detecting and disabling botnet is important. Since the
development skills of malicious software developer improve,
the existing schemes have less effectiveness. In this
dissertation, we propose a new approach for bot detection by
analyzing the characteristics of network communications.
This approach focuses on the difference between humans'
behaviors and machines' one such as bots. Since bots are
pre-programmed software and they have regularity in their
communications, while those of humans have randomness.
We show the difference of these characteristics and propose a
clustering-based method which quantitatively evaluates the
regularity in communications of network applications. Then
we design bot detection systems and evaluate them with real
network traces of human IRC communications and those of
IRC bots. We prepare 35 IRC bot samples and 30 human IRC
samples and evaluate our proposed scheme with these
samples. As a result, all IRC bot samples are detected as bots
correctly with very low false positives.
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