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Kwng-Ting (Tim) Cheng

It is my great pleasure and honor to be a new
member in VDEC and to have the opportunity to
work with a group of dedicated researchers and
educators in Japan's VLSI design, test and verification
communities. This unique opportunity creates a
foundation for our long-term, close collaboration which
I believe will last for many years.

The fast and continuing evolution of design and
test technologies and the enormous growth in the
complexity and sophistication of VLSI systems has
made it such that very few organizations can support
the equipment, facilities and R&D required on all
fronts of this field. Establishing an international,
collaborative research and education program is one
solution to addressing such challenges. One of my
goals at VDEC is to establish collaborative research
projects with University of California Santa Barbara,
as well as with other major research centers with
which I have been involved, including SRC Focus
Center Research Program and NSF International
Center on Design for Nanotechnologies. These
efforts should be a key step towards the objective of
enhancing the education for the next generation of
leaders in VLSI design and test, as well as providing
the cultural experiences and awareness required of an
increasingly globalized workforce.

I am really excited about a productive year at
VDEC!

Gorschwin Fey

Gorschwin Fey received his Diploma in Computer
Science from the Martin-Luther University, Halle-
Wittenberg, Germany in 2001. Since then he has been
with the research group of computer architecture
at the University of Bremen, Germany, where he
received the Dr.-Ing. degree in 2006. He continued
his research in Bremen as a post-doctoral researcher.
Since December 2007 he is also with the VLSI Design
and Education Center at the University of Tokyo
where he serves as a visiting professor. His main
research interests are in testing, formal verification
and debugging of digital circuits and systems.

Working at VDEC is an excellent opportunity to
initiate cooperative research. In part, this has already
happened: First results of the cooperation between

Advantest, Todai and Bremen were accepted for

presentation at the Workshop on Silicon Debug and
Diagnosis 2008. Hopefully this is the start of a longer

running cooperation.
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B1F#EE (1) / Invited Talks (1)

“Digitally-Assisted Analog Testing for Mixed-Signal SoC,” Professor Kwang-Ting Cheng (University of California,
Santa Barbara / University of Tokyo)

“A Theoretical Approach to the Research on ATPG and DFT,” Professor Hideo Fujiwara (Nara Institute of Science
and Technology)

11:55

B#& / Lunch
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1B#EEE (2) / Invited Talks (2)

“Synergy between Manufacturing Test, Silicon Validation / Debug and Fault Tolerance,” Mr. Rajesh Galivanche
(Intel Corporation)

“Gradual and Steady Change on Logic Testing,” Dr. Yasuo Sato (Hitachi, Lid.)

“Test Pattern Generation using Boolean Proof Engines,” Professor Rolf Drechsler (Bremen University)

“Toward Unification of Testing and Verification of VLSI,” Professor Masahiro Fujita (University of Tokyo)

16:10
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“Automated Debugging from Design to Silicon: Advances, Perspectives and Solutions,” Professor Andreas Veneris
(University of Toronto)

“Correctness of Unreliable Systems? A Basis for Formal Robustness Checking,” Professor Goerschwin Fey
(University of Tokyo, Bremen University)

“VLSI Design and Test Education in VDEC,” Professor Satoshi Komatsu (University of Tokyo)
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Digitally-Assisted Analog Testing for Mixed-Signal SoC

K.-T. Tim Cheng

Univ. of California, Santa Barbara

Abstract:

We present a methodology called digitally-assisted analog testing designed for characterizing, silicon-debugging
and testing digitally-enhanced analog circuitry in mixed-signal systems-on-a-chip (SoCs). This methodology can
be applied to various devices such as modern A/D converters, adaptive equalizers in high-speed serial links, and
RF transceivers that have built-in digital circuitry for improving performance and decreasing power dissipation.
By observing the digital data captured, we can thoroughly test the analog circuitry to achieve high fault coverage
without directly accessing any analog signal. We demonstrate the effectiveness and the generality of this
methodology using several examples including a state-of-the-art pipelined A/D converter, an adaptive equalizer in

serial link transceivers, and an image-reject RF receiver.

Biography:

Tim Cheng received the Ph.D. degree in Electrical Engineering and
Computer Science from the University of California, Berkeley in 1988.

He worked at Bell Laboratories in Murray Hill, NJ, from 1988 to 1993
and joined the faculty at the University of California, Santa Barbara in
1993 where he is currently Professor and Chair of the Electrical and
Computer Engineering Department. He was the founding director of UCSB's
Computer Engineering program. His current research interests include
design verification, test, silicon debug, and multimedia computing. He has
published over 300 technical papers, co-authored three books and holds ten
U.S. Patents in these areas. Cheng serves on the Executive Committee of
the MARCO/DARPA Gigascale System Research Center (sponsored by

the Semiconductor Industry Association, U.S. semiconductor equipment,

materials, software and services industries, and the U.S. Dept. of Defense) and Co-Director of the International
Center of System-on-Chip and International Center on Design for Nanotechnologies (jointly sponsored by National
Science Foundation, USA and Chinese National Science Foundation, China) and leading their design, test and
verification research efforts.

Cheng, a fellow of IEEE, received Best Paper Awards at the 1994 Design Automation Conference and
1999 Design Automation Conference, 2001 Annual Best Paper Award in Journal of Information Science and
Engineering, Best Paper Award in 2003 Conference of Design Automation and Test in Europe (DATE 2003), and
the Best Paper award at 1987 AT&T Conference on Electronic Testing. He currently serves as Editor-in-Chief
for IEEE Design and Test of Computers, Editor for IEEE Transactions on Very Large Scale Integration (VLSI)
Systems, Associate Editor for ACM Transactions on Design Automation of Electronic Systems, Associate Editor
for Formal Methods in System Design, Editor for Journal of Electronic Testing: Theory and Applications, and
Editor for Foundations and Trends in Electronic Design Automation. He has been General Chairs and Program

Chairs for a number of international conferences on design, design automation and test.



A Theoretical Approach to the Research
on ATPG and DFT

Hideo Fujiwara

Graduate School of Information Science Nara Institute of Science and Technology

Abstract:

The basis is necessary for development in general. Although the research on testing should be practical,
theoretical approach to the research on testing is also important. Theoretical research is dispensable for practical
research. The fundamental problems of testing can be categorized into two; practical synthesis problems and
theoretical analysis problems. The practical synthesis problems include test generation (ATPG) and design
for testability (DFT). The theoretical analysis problems include analysis of test generation complexity and
classification of sequential logic circuits. This talk will address the importance of theoretical approach to the
research on ATPG and DFT by introducing two cases of theoretical analysis problems; complexity of test

generation and classification of sequential circuits.

Biography:

Prof. Hideo Fujiwara received the B.E., M.E., and Ph.D. degrees
in electronic engineering from Osaka University, Osaka, Japan, in
1969, 1971, and 1974, respectively. He was with Osaka University
from 1974 to 1985 and Meiji University from 1985 to 1993, and joined
Nara Institute of Science and Technology in 1993. Presently he is
a Professor at the Graduate School of Information Science, Nara
Institute of Science and Technology, Nara, Japan.

Prof. Fujiwara's research interests include VLSI design and
test, VLSI CAD, and fault tolerant computing. He has over 300
publications, and 9 books including the book from the MIT Press
entitled "Logic Testing and Design for Testability". He received

many awards including Okawa Prize for Publication, IEEE Computer

Society Meritorious Service Awards, IEEE Computer Society
Continuing Service Award, and IEEE Computer Society Outstanding Contribution Award.

Dr. Fujiwara is a fellow of the IEEE, a Golden Core member of the IEEE Computer Society, a fellow of the
IEICE (the Institute of Electronics, Information and Communication Engineers of Japan) and a fellow of the IPS]

(the Information Processing Society of Japan).
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Mainstream Computing With Mainframe-Class Reliability:
Opportunities and Challenges

Rajesh Galivanche

Intel Corporation

Abstract:

Traditionally, reliability requirements of mission critical applications such as military, space, automotive and
mainframe computer systems have driven the design and deployment of fault tolerant solutions. Such systems
employed expensive techniques such as duplicate and compare, n-modular redundancy etc., to detect errors
and, in some cases, avoid catastrophic system failures. In the future, main stream computing systems employing
semiconductor products manufactured in advanced process technologies are likely to face significant reliability
challenges with issues related to minimum Vcc, aging, soft errors, process variations etc., and will necessitate
the use of fault tolerance features. Some traditional fault tolerant solutions may be unacceptable for mainstream
products due to their high cost. This talk will focus on the current industry trend in process technology,
reliability challenges facing mainstream products in the future, and the various opportunities to lower the cost of

fault tolerant solutions.

Biography:

Rajesh Galivanche is a Senior Principal Engineer and Manager of
Advanced Test Technology development team in the Technology and
Manufacturing Group at Intel. His group researches into Advanced Test
and CAD methods for manufacturing test, debug and fault diagnosis of
semiconductor devices. Rajesh has been with Intel for the last 12 years and
before that he worked at Motorola, LSI Logic Corporation, and Sunrise Test

Systems.




Gradual and Steady Changes on Logic Testing

Yasuo Sato

Chief Engineer, Design & Development Operation, Micro Device Division, Hitachi Ltd.

Abstract:

Current design of SoC includes various cores such as logic, memory, high speed serial interface or analog
cores. Test design for those SoCs requires deep understanding of design structure and making test strategy at
the early phase of the design. However, the process is not automated well and be done by DFT engineers in an
ad-hoc way. Current semiconductor process technologies are suffering from imperfect lithography and increase
of variation, which will cause “parametric defects”. Conventional deterministic tests based on the stuck-at and the
transition delay fault models are not enough to guarantee high quality of the shipped chips any more. Therefore,
new parametric and statistical approaches with low test cost are strongly needed. DFT and ATE structures
should change to tackle these challenges. The speaker introduces gradual and steady changes of design and
process, and addresses the challenges of testing that include the feedback of design structure to test, and the
approach of non-deterministic test. He also introduces briefly the current Japanese contribution to the testing

world and expects new advances that are based on “Design to Test (D2T)".

Biography:

Yasuo Sato is a chief engineer of the Micro Device Division, Hitachi
Ltd. The Micro Device Division is responsible for developing custom
ASICs that target high performance and high reliability for network
systems or other high-performance devices. He joined Hitachi in 1978,
and began working in computer-aided design that includes logic,
layout, mask and test design. He had been the senior manager of Test
Methodology Group of Semiconductor Technology Academic Research
Center (STARC) from 2003 to 2005. His research includes BIST, delay
testing (especially interested in small delay testing) and fault diagnosis.
He holds B.S. and M.S. in mathematics from Tokyo University. He
received Ph.D. in engineering from Tokyo Metropolitan University
in 2005. Yasuo is also a visiting professor of Faculty of Computer
Science and Systems Engineering, Kyusyu Institute of Technology, the
co-general chair of Asian Test Symposium 2008 at Sapporo, a member of test working group of Semiconductor
Technology Roadmap Committee of Japan (STRJ) and a member of test & ATE working group of International
Technology Roadmap for Semiconductors (ITRS).
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Test Pattern Generation using Boolean Proof Engines

Rolf Drechsler

Institute of Computer Science, University of Bremen

Abstract:

The postproduction test of integrated circuits is crucial to ensure a high quality of the final product. This test
is carried out by checking the correct response of the chip under predefined input stimuli - or test patterns.
These patterns are calculated by algorithms for Automatic Test Pattern Generation (ATPG). Due to the rapidly
growing size of integrated circuits, there is a need for new algorithms. While classical algorithms reach their limit,
there have been recent advances in algorithms to solve Boolean satisfiability (SAT). Because SAT solvers are
working on Conjunctive Normal Forms (CNF), the problem has to be transformed.

In this talk, the core techniques of SAT-based ATPG are presented. Methods are shown that apply structural
knowledge about the circuit during the transformation. As a result, the size of the problem instances decreases
as well as the run time of the ATPG process. The techniques were implemented and experimental results are
presented. The approach was combined with the ATPG framework AMSAL of NXP Semiconductors. It is shown
that the overall performance of an industrial framework can be significantly improved. The experiments show

the benefits regarding efficiency and robustness of the combined approach.

Biography:

Rolf Drechsler received the Diploma and Dr. Phil. Nat. degrees in
computer science from the J.W. Goethe-University, Frankfurt am Main,
Germany, in 1992 and 1995, respectively. He was with the Institute
of Computer Science at the Albert-Ludwigs-University, Freiburg im
Breisgau, Germany, from 1995 to 2000. He joined the Corporate Technology
Department of Siemens AG, Munich, in 2000, where he worked as a Senior
Engineer in the Formal Verification Group. Since October 2001, he has
been with the University of Bremen, Bremen, Germany, where he is now
a Full Professor for Computer Architecture. His research interests include

verification, testing, logic synthesis, and evolutionary algorithms.




Toward Unification of Testing and Verification of VLSI

Masahiro Fujita
VLSI Design and Education Center (VDEC), University of Tokyo

Abstract:

Functional verification processes and test designs of VLSI have been separated. In other words, test
designs start only after logic designs have been finished, ie., logic circuits have been obtained. Verification and
manufacturing test of VLSI are, however, essentially targeting the same goal, the correct behavior of VLSIL In
this talk, ways to unify the two are discussed. One way to do so is to introduce testing design processes in very
early design stages. Recently system level design methodologies, which deal with both hardware and software
aspects of target VLSI, and their associated tools have been researched and developed. Just like the descriptions
of test benches for verification purposes, components which perform manufacturing test can be introduced.
Those components may be realized as a VLSI tester equipment, a software of the processor in the VLSI, or some
external hardware such as FPGA board. On the other hand, when testing manufactured VLSI chips, functional

verification processes can also be performed. Such post silicon verification techniques are also discussed.

Biography:

Masahiro Fujita received his Ph.D. degree in Information Engineering from
the University of Tokyo in 1985 and shortly after joined Fujitsu Laboratories
Ltd. From 1993 to 2000, he had been assigned to Fujitsu's US research office
and directed the CAD research and development group. In March 2000, he
joined the department of Electronic Engineering in the University of Tokyo
as a professor. He is now a professor at VLSI Design and Education Center
(VDEC) in the university. He has co-authored 7 books, and has over 150
publications. He has received several awards from Japanese major scientific
societies on his works in formal verification and logic synthesis. His doctor
degree thesis was written in early 80's and on model checking. Since then
he has been involved in many research projects on various aspects of formal
verification. His current research interests include synthesis and verification

in higher level design stages, hardware/software co-designs and also digital/analog co-designs.
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Automating Debugging from Design to Silicon: Needs,
Solutions and Perspectives

Andreas Veneris

University of Toronto, Department of Electrical and Computer Engineering

Abstract:

The design and test of advanced semiconductor chips is an extremely laborious and expensive process. In
this cycle, RTL debugging and Silicon debug take as much as 70% of the complete time. Although many steps
have been automated, designers, verification and test engineers today must manually debug design errors and
functional defects. This is a resource-intensive and time-consuming manual work that may jeopardize the time-to-
market and it adds significant non-recurring costs.

In this talk, we review the intricate details of the debugging problem and we emphasize the urgent need for
automation during RTL and silicon debug. Next, we present past methodologies for automated debug using
simulation and BDD based techniques. The main focus of the talk will be on Boolean satisfiability as we present
the first SAT-based algorithm to automate this process. Later, we will generalize the method using Quantified
Boolean Formula (QBF) satisfiability to tackle the intractable nature of the problem. We conclude with a set
of studies for the above methodologies on a wide variety of benchmark and industrial designs. These results
suggest that satisfiability captures significant characteristics of the problem of debugging. They also encourage
novel research in satisfiability-based debugging approaches as a complementary process to this of design

verification and silicon test.

Biography:

Andreas Veneris received the Diploma in Computer Engineering and
Informatics from the University of Patras in 1991, the M.S. degree in
Computer Science from the University of Southern California, Los Angeles
in 1992 and the Ph.D. degree in Computer Science from the University
of Illinois at Urbana-Champaign in 1998. He currently is an Associate
Professor cross-appointed with the Department of Electrical and Computer
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Toronto. His research interests include algorithms and CAD tools for debug,
verification and test of digital systems and circuits. He is co-recipient of a
best paper award in ASP-DAC'01, co-author of a book and member of IEEE,
ACM, AAAS, Technical Chamber of Greece and The Planetary Society.




Correctness of Unreliable Systems? A Basis for Formal
Robustness Checking

Gorschwin Fey

VDEC & University of Bremen, Bremen, Germany

Abstract:

The steady increase of the number of components in integrated circuits (ICs) is achieved by continuously
shrinking the feature sizes. This trend is believed to continue within the next years. As a result ICs become more
sensitive to transient faults or aging effects. During IC design robustness against these types of failures can be
implemented e.g. by using redundancy or gate hardening techniques. As a result the design continues to function
correctly in the presence of failing components. But this is a manual and therefore error prone task. Formal
methods are commonly applied to proof correctness of systems and design transformations. The talk considers
the application of formal methods to ensure and quantify the robustness of a design. After a brief motivation, a
formal basis to measure robustness of a given circuit is presented. First algorithmic approaches to evaluate the

measure are proposed and experimental results are discussed.

Biography:

Gorschwin Fey received his Diploma in Computer Science from the
Martin-Luther University, Halle-Wittenberg, Germany in 2001. Since then he
has been with the research group of computer architecture at the University
of Bremen, where he received the Dr.-Ing. degree in 2006. He continued his
research in Bremen on a permanent position as a post-doctoral researcher.
Since December 2007 he is also with the VLSI Design and Education Center
at the University of Tokyo where serves as a visiting professor. His research

interests are in testing and formal verification of circuits and systems.
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VLSI Design and Test Education in VDEC

Satoshi Komatsu
VLSI Design and Education Center (VDEC), University of Tokyo

Abstract:

As the complexity of hardware functionality continues to increase, a test of VLSI chips becomes much more
important. To meet this trend, education on the test of VLSI chip with System-on-Chip (SOC) test system is
essential even in EE department. In VLSI Design and Education Center (VDEC), the University of Tokyo,
several courses complementally cover whole of VLSI design and fabrication. In particular, education with physical
practice is important and emphasized so that the students are educated for skillful engineer with practical
experience of VLSI design, fabrication, and measurement. In this talk, a new trial on VLSI test course for
graduate / undergraduate students as well as brief introduction of VDEC and D2T Research Division which was

established in October 2007 will be presented.

Biography:

Satoshi Komatsu received the B. S, M.S, and Ph. D. in Electronic
Engineering from the University of Tokyo, Tokyo, Japan, in 1996, 1998 and
2001, respectively. He has been a member of VLSI Design and Education
Center (VDEC) in University of Tokyo since 2001. He is now a Visiting
Associate Professor in VDEC, the University of Tokyo. His current research
interests are low-power / high-speed data transmission methods on VLSI
and system level VLSI design methodologies. He is a member of Institute
of Electrical and Electronics Engineers (IEEE), Institute of Electronics,
Information and Communication Engineers, and Information Processing

Society of Japan (IPS]).
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A R B L % ZOFLR LT T
MOTO71 TUF v TIMS IA DFE BARE B R R BR ZATAA LT,
v, &l EE
B EE B L % ZOFLR LFAT
MOTO71 FMBEDEE S 2 7 L ORI BA mE f#{ E AR ER ZATRA LT
v, &5 S
. o i KHE —FE, R B, Ik EE, (5B i & B, B
MT18072 YOy 4 £25 7 ILRFEICE T FoAEHLNA - VCO - PADRYE G ey 203
RO18063 RIS BRI T v k% TR, KH B 140
B R, B (S 58 B S OFLR LFT
RO18063 TRy hT—0 Y7 LORBEICOFE RO1806 3 :ﬁ’éif# R R =27 LT |,
RO18063 NI—F>F iR &HE AR B RO LS, WE B 142
9 1, = G, B 7, KA d—, b))
RO18074 TS EBES I\ BBPSKEEMORIE ;E RS I I RAL B B N
W E, ,  FAE #E—, db)1
RO18074 RS EEEH I BBPSKEERORE gé 5, REF R E AL R R R R
RO18075 Charge Sampling Filter 162
RO18075 FVFy T hSYRICEBIULREEATUWBREES BB 162
= e 3, I FiE & &0 B8, R 31—, &L E¥E, Chaivipas Win,
RO18075 BRIy o TIHETEG B R E 165
S e 3, Rk 1E, &0 B8, R #1—, &L B8, Chaivipas Win,
RO18075 BER/ Oy ¥ TIHETEG B e 10E 165
RO18076 MNAERERE T 37— 5 BIEEE M3 B EE B 173
RO18076 =i - BEE 707 CMOSEBREEETEG ER R 176
RO18077 VT IRBEA VY — %Y FRBREIBOFE B RE 2E B 179
RO18077 AVB Y IREEA VY — %Y NRREBEOREH2 BE HE, EE B 179
RO18077 VT IRBEA VY — %Y FRREBOREH3 BE HE, EE B 179
RO18077 VCO B R RO 5E, IE BB 182
R0O35066 Full-CMOS ASKZ: 78 (o] B D # BEAR FIE (0] B = HE RE B%, B B IV HIE 114
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2. 3 &BFvIDOEEM
FR1SEEE2EA VIOV Y9 — CMOS 1.2um RIE

(MOTO062)
NAT—RBERA Y FRIEEEKRT 10ET « V7 Vet BB DR EHH
113
BEEIRAZESETEEISN RS A 5405 RS R, RE S5,

KE ®IR
BEE  IBFEE 1 nEUWEF v 7OENMFEREZHE 2, h A7 —FEEXA vy Fiil (CVS
L) [uli&, 107« & & Va4 &2 3G L 7. T HE BN o o—> L LT
QREFDOCV S LI Z AL 7. 1037 1 ¥ # VGl & LT, R 103 1 Kiatsdm
%, JEEIF 10 3 1 Hiet5mlsg, JEEMIR 103 2 Hiat B 2 3%Et L 7. £/, 4E v b
2HMEFHHEE A Yy F SRAMEIEKZZE L. THIIHIC AR LZEF v 72 EB IS
HWELT, FMLARY T4 v 7BCVS LEEKE 7y 7B CV S L (accepted to
RADECS2008, Jyvaskyla) , [FIfA=0 10 1 K580, FERIIZE 10 3 1 KTEHE00E, FEF
A= 10 3E 2 KHTE 18001 % D FEBE BN D RERRIC 2 TP L 7.
SEXW 0 (1] WL, 8K, KB, G, WA, 8, 210, B, (0, 7 227 — REIEAA v F i, #7 LS Emn g,
K OME SRR B e D 3G HRAME” |, p. 99, 2007 £V D E C4EH#Ht (2007) .
SRSTHARD : 1 AHLLE, 2 AHAKNE 8&5HY—JL : Mychip Station, Synopsys £l Star-HSPICE, Cadence #l: Dracula DRC k5
VYZZE 1,000 E, 10,000 K5 HEZY A v CMOSL.2um2.3mm A Fv 7Rl - TEG (R 7z &)

IJI_I_I._II I_I_IL_II_H_IL_L L

CMOS EEii - EEERERIEDRET - SKE (2)
EILRIZRFRERIERRTEHRER EAX B, FT B, IR EZE, kEE*E &
BE:7)7u7 - T4 Y2 VNHEOERLEL 72 CMOS LSI B‘Zm@ﬁj: SR, LEICEIET
27 a ZEOEBD 7 DI IFIREEEEH 1  BIRE %{Kﬁbﬁb)%@k B
L7 E BN ESEE E 72 5. fERDENA ‘72@%@%%@% FEEISH s nS
2, Fy 7OHARBOMAD O, 82 2 P2 ERLTL ). REGHC iz Avwy
21D MOS + 7 P AP DA TEBRBIFK A ML L 2. X 512, 1 D ORI CEERRE &
%’*iﬁ%@ﬁﬂ]ﬁ% RIS 2 X 9 ICRIEg#HE 21T - 72, KRB TIRIEHR IYRLEOEE
Uit s EEEREZEZ 23 TEL. L2L, Siic2 2 EREPIEbL-oTLEWY, I 5% 5
*ﬁumw@m%.

SREHHARD 1 1 AR BLE, 2 A KM |EHW—JL @ Cadence #: Encounter, Cadence #
Virtuoso, Cadence ft: Dracula DRC kS IYZZE 1040 SHESv: 4k
CMOS I.2um 2.3mm fy Fv 7Rl : 7+ w2 (PLL, A-D/DC-DCay =74 ¥)

CMOS EEifi - EEEREBRDEEET - HE (3)
EILRIZIKRFRERERRITFHRR EAR BH, AT BE, IR EE, KSR ES
BE: 770/ -7« V&)blﬁl%@?ﬁ'aftf* CMOS LST i o 11 i fEvs, 2 ic BifE 3
27 u 7O EHD 7 DI RERA D 2  BIFREFICHIKEE L 2\ 0Ilit L 2 2%
%Lf:%f'é‘?ﬁ?ﬁ%ilﬁﬁ?éfﬁb SEHIE L 2 B, FERDENAL 7 R EFROFEE RG2S DT
BHVSNB, Fv 7O HEHBEOEAD O, liEa 2 FBAERLTLE ). AFGHTlR
Lz Wiz 210 MOS k 5 V?Z&@&'C%ﬁé(;m@%%%ﬁitf’ 512, 1 DD
TEBMRM: & E %Fﬁu@ﬁﬁf%ﬂﬂ% 32 X9 IChgERE 2T o2, AF v 7iF
TCMOS & &t - EEBEFIEE O - Sl ( ) 1 LRUHEETH 205, F8F A —F &%
Z1ebDTH 5.
SRSTHAR : 2 AHBLE, 3 AHKNE 3’50V —JL @ Cadence#l: Virtuoso, Cadence #l: Dra-
culaDRC FrZYIYZX5%# 100D, 1,000K:4 HEZ>Y 4+ 3 CMOS 1. 2um
2.3mmf Fy 7Rl 7w (PLL, A-D/DC-DCa v =%k L)




BEER#EFIESRZ AW AHRBPE DS & HE

MHEXEIZEREE :ﬁ *ﬂt, HLEE

BE EEEREo/NMNMIEERLICTEN R EEZRORBIRE 2 F v 7TNICERILT 2038
BhHs. INnET, 4 ‘/}“—70)%%%%5% X B AR THERICEE U 72 AR e SR
JE BRI & R o HIERIBIFR A (VCO) M s &R [1] . KEfFickB»T
VCO % H 7 R Ji B RRHEFE 2 R oA R D 8% 2 170, IERDMIERE R &
BRIy Tab—varvitGEnbWiFERREZER L Q&2 iTo72. (1) B
W, (2) EMosIEmEL, (3) #HHTIEETOMEDIMOLA 7Y P&z, >~
Sal—yavickaEt ey, fEL .

SENE - =i, R, ) v RIRBEIVCO ofiF L 2 oInH, " HULHIR S T
JeF g%, Mar. 2005

ERETHAR © 0.5 AHRLE, 1 AHASE  5&EHY—JL @ Cadence # Virtuoso, Synopsys

goaaooouoooooo

-

-

QOO0 O0Oougay

Cosmos, Synopsys#t Star-HSPICE, Cadence #: Dracula DRC, Cadence#:Diva ~SYIX#7#: 1080, 100 ki =HES
YA v+ CMOS L. 2um2.3mmf Fv 7Rl : 7w s (PLL, A-D/DC-DCay =%k L)

7O SEBERRTOBEE BB L CEEIAESROHE (2)
ERERMRERFETEE B =R, AR E—, QMLEC, LT HNE

BE 2 4 43 EERESRSG a7 A b (http://www. ec. ss. titech. ac. jp/
opamp) IKBMT 27, FHVHGLZBEEZRELTWD, BRI RN & Y —
A GBI RS o 2 BERERE 2 BRI, B HIE TRMEICRHME T 2 X 9 IR I A S
ZMA, TRzHES LTwE, BHEARICHMED, ¥ IaL—va Vit X 28EHEE 2
LTULA7Y MENZE) ZEDHWELTWE, AF vy 7HOMEEIZ TR Y, W¥E
WERICEZ TGN, VAT 7 PR NcME %2 fT-o72. $£72, 2EHOHEEIEIESRAIE
El B, WIHEEOMERMRERE 2, HABREZMNT 2%, f&EBICHE-D < NG
WO ATV S, FEOEE2HEZRL, 32l —vavt {Eﬂﬁ?ﬁ%%&:%?@%ﬁti
AU 708, HAHPHOWER S N2 FH ORI S 7,

EXETHAR (3 AHDLE, 4 AHAM 85V —IL : Cadence f Virtuoso, Synopsys #

Star-HSPICE bk~ YYR&¥ 1100 ML, 1,000 K5 #HMAEZ>Y 1423 CMOS 1.2um 2.3mm f§ Fv 7#&ERl: 75w

(PLL, A-D/DC-DC a v =% 7% L)

INEUIMERE & Y BE R DRRET

EILRIARZFTEHAER 2R E17, 1H 86A, SH RZ

B R, v A suer UEMiZICH Lz, MITEERZ e VS IN TV S, L
L, Nyt hidhcdh, 2ol z2HEE, fMIET 2088 H 5. KifFETIE
DART, /AN v H O #EIR IR % 3E3T L 7223, /Ml o & BIRIREONTIC A 7 2 v M ERE
BELCTLEY. 2471y VEEZT7F a2l S T4 T MEICERL, T4P2 0
fEIC & > CTHEET 2 HEEZBRET L Tws. A/ DEDOIC, TNY - > I<e/#A /Do
UN—=YRFEATLIERABELE L. 207, KF v ST, A4 v F b Frvy
\IEE 2 A L 22f g, av v —2, 2200RIKEZHAGOE LT IVY - > F2EHS
ZRER L 7.

ERETHAM : 1 AHDLE, 2 AHRM |/EHY —JL : Cadence # Virtuoso, Synopsys %t
Star-HSPICE, Cadence #: Dracula DRC, Cadence #: Diva MZ I X&Z#: 1004

A b E

"._Jr_II_IIJI_IIJ._J_II_IIJ

Uu
+ | —— T S, S T .
- —

UUL.UUUULULULIL

E, 100005 BEZY A v+ 3 CMOSL.2um2.3mmf Fv 7Rl 77w (PLL, A-D/DC-DCary =%k &)
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DR EIN e W IR

BEEFERERDREAVWCEREEEY Y ORE

BRI XFRFERTEHRR L SAt, #AH B1GA, EH K2

BE : 7rur - FYYOVIERERRIEI, ke aiitr 1 5y 7 RICEBT 5 2 L o3Hfhg
THY, 7FuHETH CMOS 7r L A X 2 EHPEETN TS, 75 v JhligETix
MEREESE L, BIHEERECOKEL R WREBEEF AR IIEECH 5. £/, B
FHENTHEAINE Y F 7 54 4 VEMOMWAEIC X BFAPIER L, 2458 ?ﬁk%ﬁ
BT, iEe vy nELE SN T3, A7 02 2 THZE L 72EREE CMOS JEHER

AN EISH L, B v 23EL 2. KF v 7, FEHEEE T4 N, 7I’\7‘/7%:
B L7, e, BEBERETDO N7 P 2% O W/L ha3F# ]G % MOSFET # it
L, AIMEBHERENEICREL N T VP RAIDYI A AERETE S LI I L. ERAEBE i
JELETE I, U BEHEO b0 & 3O/ L Th 5. A <7 718, MU0 b0z | ":uLEEEuE}‘
290, FIRAFAICEEF L 2b D% 1 OREL TH 3.

SRETEARD 0.5 AHMLE, 1 AHARIE 5&EHY—JL : Cadence #: Virtuoso, Synopsys #l: Star-HSPICE, Cadence #: Dracula
DRC, Cadenceftl:Diva rSYIJR5%:10LLE, 100KH HEZFY 1 A+ CMOS1.2um2.3mm#fy  Fv 7Rl : 750
7" (PLL, A-D/DC-DC a v =% L)

I - EEDC-DC v /X\—4~ B HER LS| DRF

EWEIZIKZETEHFRFR =i R, Sl Rz, HH 864

BE : DC-DC a v =% o/hH - el E X CEIRIMD 72 &, KUFZETHERIMTTF D 3

7 —MOSFET ZHlI% L, AEoREZ LSINICEH T2 2 £ E2KS L Tw5. S oifkfE
TR £ oA MOS, @B 1L RIE <M 2 COREFRE Ik %2 365 L 72, 1

[\IE& X HER D oy mlgg 2 3EREHE L, ON EFLoMEZ HiF L Tw5. T4tk D, ON &

PEERDZ D127 5 L FRL T 5. E@EEF LRI IEGEER I & DEEIC

0, #BYRTY RO A LDCEERTH 5. HRIEGERBIE $ 3 &R L 22 B AR
TUEZE AN T 202 B IRAEETH 5. F K OBEEREZ F-—IC§ 27, BiEDRE

IEFELCHEFL L.

SRETHARE 1 AHLLE, 2 AHAR 3%5tW—IJL : Cadence #f: Virtuoso, Mentor #: Cali-

bre MZYIZXFZ# :100DLLE, 1,000 K5 HMEZ>Y A+ CMOS 1.2pum

2.3mmfy Fy7HERl: 7w (PLL, A-D/DC-DCa vy N—=%7%k L)

|J_J JII J I_J._J

RTAELES AR R

=
‘ MO 00t

EEIAESROSEE (1)
RRIEAFETITZHRR BAXE, BH G4 EEEX —OFLRALTATY
BE  EENIESR SHESE L, 7hu 7RI W TUACH 6N M 7Ty 7 Th
5. Bo N5 thbo N CENRE 2 G T 2 IR 2 BT 2 72010 7 - v J LR
PRERGT DRRZ AR AE L 72 5. Z O 7 OFREIESR OREIL 7 v 7SRRG0
HIZHRNTH 5. AF v 7T 6 ADFEENZNZ L H OBEFIEHIER ORIE LT > T
5. BE L A EEIE RS I EE RS Gt a 7 A b [1] WWIinEL, AF v 7 TEfEL 72
HAEIR W 2 v 7 A MICBO UREBFEZER L . REFELER L R RES
&, 77y a7 VY —A7 407K DRI N ANBRE Y — AESEIH BT X D AH
HHEHIPHZRai l —to—Rail ETIRL, 1/ — FICHTHET 2558 2 Hk & 7
% &9 IEGEHT 5 2 LT, 10MH z ML EORSHHSIER (GBM) 2HBLTw3. 35
12, ZAb—L—F» T — VERKFIC X DHRIh 2 OEEZ AL 2720, HAL—L—T
ThrREZzHELTVS
SEXE . [1] HEMIFSR Y5 2 FF— 24— http: //www. ec. ss. titech. ac. jp/opamp
SRSTHARG : S AHBLE, 4 AFRHE  3&5HY—JL @ Cadence #: Virtuoso, Synopsys #: Star-HSPICE, Cadence #: Dracula DRC,
Cadence t: Diva bZYY &% 10000 E, 1,000 Kiii #BEF>Y 1 A v+ 3 CMOS 1.2um 2.3mm 4 Fvy &Rl : 7+-u s/
(PLL, A-D/DC-DCa v =%z kt)




| TEZTRZHEL FPGA O RF BB ERIE

WERKEY AT AERTZHFER ®Ek HE, Tk T, EE ML

BE : &L, PHEEGOEE CRlRE 22 1% FPGA (Field Programmable Gate
Array) ZEEL TS, Ziuc kb, LG L, BEREA vy —F v b ERDIAT]
MR GANICRRIE S N7 FPGA 2 EfRH &Mz T2 2 LML % %, FPGADa v 7 4
Xal—varyy—2oMmiEEk it 10~100MHz » BPSKZ# %2 H\w5. 7, &5
fbicid~rF 2 29525, #BEICE~fr7a7axry 3 2Hw5. B, RFFE
POBETEHT L. S, RFMIE&EE (EFHRE, %4, PLL) oF v 7R %2795 ¥
ETHY, RilMEIX, ZoRfEICrs, FBEIEAK - 754 R [AlEE O WRER O FEAf % 17
I EZHNE LTS, BENICIE, ZEHIEREE, v 7Ly FERE, *v3
SH VR, EHOREARREEZFIT 2. Zns, HEARREIEE - TN 2 QRARRRE % [0
74 —FxNy 7L, XKIARFREHEEZIT) PETH S, &E, WEICBL, LSI7
AZIEEH L Toiwn,

SEHER - BEWE, ZOKSFR, WAL, DO MR TR IR T RE % 7 v F v T FPGA ORE LG, 7 BT ERER
ERPRREEREH S 2 7 AR FIIS08, No. 232, (2008) .

SREHHART 1 0.1 AHDLE, 0.5 AHANM /Y —JL @ Tanner L-Edit MSYIYR&EH 1001 E, 100K #HESY A3
CMOS 1.2um 2.3mm g Fv 785l : 77+ v (PLL, A-D/DC-DC a¥ =27 ¥)

SREENS ROV T Y

FRKREY AT LABRIFHARR EFOE

BE BEIEREZEZE L ERBL s 7 v R av ¥ 7 ¥ 235 L 7. FLERIEKIE, &1 v
E— Y ADEB AN 2RO, RIS E2 52 5B Nn0bH AL P 72w
Tey v 7V v FAMBIEIZERE T, AR E 2 KD i, Z2020EE2
DVMIZ X D HIE L, B AERZ N2 BIEEER & U, £7, BB & 7%
B, BN %S 5 729, pMOS + 7 v P X ¥ #REMINICH Y, Ny 77— ML Y
— AW R T AN E L. BIREFIZSV Th 5. IRENK L, ZoMBHNOERE, &
WEND HT 720 DT 2RO MBI D 2 > % L 2. BifEREREE L <, P o
A HFE R S Ntz 08, WEHMES 2 IY S 2 WIRERBK IO W T, HfFT 28fE2R S
32 ERBER L. KL AMs N Wang © OTA kL L T, #9350 A I B IE#iH %
o2 ERMERL 7.

2E R Kazuhiro SHOUNO and Yukio ISHIBASHI, " A Highly Linearized CMOS Transconductor with a Controlled Tail
Current Source", Proceedings o f The 2007 International Technical Conference on Circuits / Systems, Computers and
Communications (ITC-CSCC2007) , Vol. 1, pp.23-24, July 8-11, 2007, (Busan, Korea)

EGEHEARD (0.1 AHDLE, 0.5 AR 5|’EPY—JIL @ MicroSim #: PSpice, T2, Tanner#k L-Edit, Tanner #t L-Edit DRC
KZYIRSE 100 E, 100k% HEZY 4>+ CMOSL.2um2.3mmff  Fv 7Rl : 79w (PLL, A-D/DC-DC 2
YN=F R E)

Vibration-based energy power management circuit

Graduate school of Waseda Universitylnformation, Production and Sys-
tems Pan Jun, Inoue Yasuaki

BEE - An energy management circuit is proposed for self-powered ubiquitous sensor modules using vibration-based energy. With the pro-
posed circuit, the sensor modules work with low duty cycle operation. Moreover, a two tank circuit as a part of the energy management cir-

LnLm Ly

cuit is utilized to solve the problem that the average power density of ambient energy always varies with time while the power consumption of
the sensor modules is constant and larger than it. In addition, the long start-up time problem is also avoided with the timing control of the
proposed energy management circuit. The CMOS implementation and silicon verification results of the proposed circuit are also presented. lts
validity is further confirmed with a vibration-based energy generation. The sensor module is used to supervise the vibration of machines and

|
-]
g
-
-
G
o -t
B ¢
g
o

transfer the vibration signal discontinuously. A piezoelectric element acts as the vibration-to-electricity converterto realize battery-free opera-

tion, We have tested the chip. The chip works well and we found that the energy management circuit can avoid the log start-up time problem
and can improve the level of integration. The proposed energy management circuit can be used as a battery for any ubiquitous sensor modules
using different ambient energies. The proposed energy management circuit is effective in managing the scavenged ambient energy and maximizing the potential applicability of the sensor module. In the near
future, We will utilize the experimental result of this chip in some sensor module.

SE@k 0 [1] JunPan, Yasuaki Inoue, Zheng Liang, "A Energy Menagement Circuit for Self-Powered Ubiquitous Sen-
sor Modules Using Vibration-Base Energy", pp.2116--2123, IEICE TRANS. FUNDAMENTALS, Vol. E90-A, No. 10, Oct.
2007

ERETHARE : 2 AHDLE, 3 AHARIN |EHY—JL @ Synopsys #: Star-HSPICE, Cadence #: Dracula LVS, Cadence £t Dracula
DRC, Cadence f: Analog Artist, Mentor £t Calibre, Mentor #: CalibrexRC +rZ I X & # 100D L, 1,000 k% HES
YA CMOSL.2um4. 8mmfy Fv 7H#EHl : 7+ nrs (PLL, A-D/DC-DCay/\—%7% L)
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DR EIN e W IR

FR1OEES1EAY £V 555 — CMOS 1.2um Stk
(MOTO71)

BANLY I V-IEBBERAWEERR, T« YO, EEIREROEE
BIFKFEIEE BN T—, AU EF, BN BE, R A—
BIRXZXRERTEHRTR TE KR, =& =X

B KiEClk, BANL v V-1E#gER 2 o7 R, A v "= 2HuiT4 9
[, FEAMN 2 R RIER 2 FEH O RIEICHU D fLA 72, TeRER IR AL, RIS EE S,
mRIEAL, IRATIL Y 0EBlE BHEE L ZREER T, b7 v A = 7B E VB
T—FREREREATVA - 77y FHEZE AW V-T2 2FEONE 70 v 7 5 5%
5. £, FAFEEETIIZEA v N—FF 22—V RBEROLDRBWL 72, 510, i
I LSI RG22 3¢ 5 7o o0, BRI 2 35T S ¥ 7. BIE 2o R aFA
KD FHATE D, BRlHmE ) OMEE2E TV 5.

ERETHAM : 3 AAME, 4 AHRM 5REHY—IJL @ Cadence %t Virtuoso, Synopsys £t
Star-HSPICE, Cadence #:: Dracula DRC, Cadence #: Diva FZYIX%#0:100 L
E, 1,000%K5 HESY A3 CMOSL.2um2.3mmfy  Fv 7R : TEG (RM:aTHhim E 2 &)

FHRBRADEEIAIESRDOHE

BlFKFETIZEER AL &F, B, BN S BN RS, Kk A—

BEE | oAk OMFRE T, EEEERTOEBRD T —< & LT NHEMIESR OBER 12
DIHATY S, ZOERTIE, 5A26NAHRFHIREZMLT 2 X 9 ICHEIHIR O RIS
ZERL, F 7V PRAI LN TOREEREE, X7 LA 7y Fakat, JHiliE <) #HE
5. COEBREZEL T, EARNZ LSIFRGTORMZENERIE5 I ENTE, SHITR TR
DAL LSIBREEANA L —RIZe 7 FTE S, AMETIE, ZOMlEMIRS & 2Nz @BRT 5
FERBBPIEDIAEFNT WS, £/, MOSFET D39 X —% OB TE % X 9 12 MOS-
FET HUA L EDIAATH 5. 581, ZD5ER L 7 LSIOFHICH D flEE 2 2 & &4 5.
EGETHEAR - 3 AHDLE, 4 AHKHE 3/EHY—JL @ Cadence 4k Virtuoso, Synopsys #k:
Star-HSPICE, Cadence #:: Dracula DRC, Cadence #l: Diva FMZYI X% : 100
F, 1,000 #HEF> A& CMOS1.2um2.3mm A Fv 7R : TEG (Ferk:a¥
fiilalEs 72 &)

FHRBRANEFMT /NI R, RULLERSE, Y173 v 7RIEOR, |EFRE
EIRgEF DS

HREINAZFEREFERIER REEF 18, EH 8, AREWE, #HEE
BEE : IS4REJESE 2RI T v 7 OEMKS KA W £ 2, WK, ¥4+ 3 v ViR, » v
YR, XEY LY R YR, fAREAIHENME TN A% 2 F v FIar i TERGERL
7o, BEFL 2, NORF, NANDHI1 E Y b A/WLES, NANDFE2E Y bR/
ficgs, PIAHLGESR, RS /[, 5ANCVS LA, Vo Zhovsedavyvhrvy
HEDHh vy, D7y FEDFFZHWAXEY LY RA%, EXORMEIEE, —3EHRH,
NF—=F 7Y =M, 7743V T4 v a5, WRERAKSETH L. 1 HI HICAR L 7R
fEFy 7Z2ELICHEL T, EMLZNORE, NANDE1 vy F R/HE#H, NAND
JB2¥y P RN, b, P2, YaryyryAavryy, DIy FEDFF
ZHwIAEY LAY, EXORMEIE, —8RHREE, ~F—F7 9 —REE, 7744
T4 TV a—%, WRREEOEREEEOMERIC 2 TR L.

SREHEAR - 1 AABLE, 2 AARNE |/EHY—JL @ Mychip Station, Synopsys #t: Star-HSPICE, Cadence #f: Dracula DRC k5
YYZRZE1,000 4 F, 10,000 Kjii BETY - A& CMOS 1. 2um2.3mmfy  Fv 7#ERl : TEG (Rrk:RrHimIE 2 &)




FHRBRRAETMTINA R, RULLERER, Y173 v 7REOE, EFRE
EIR&R D& EIE

FREBEIRNAFESEFBERIFER BLEF 8, gLz, kB, Al &5

BEE ISR 2NERMETF v 7ORMKER B E 2, W, ¥4 7 3 v iR, » v
VM, AEY LY AYEIEE, A FEEBAETN TN A A% 2 F y SIS CEGRL
7o, BEFLZEIEIZ, NOR, NANDEILE v F K/ kieds, NANDE2 E vy F AN
T es, frAfHAs, F S /W, AHNCVSLEEE, Vo Zhovsedaryyrhory
HEDH vy, D7y FEDFFZHWVAXEY LY RA¥, EXORMEEE, —3EHMRH,
NF=F 7Y —[, 7744V T4 22—, WENKLETHS. 1 HIHIZAH LK
fEFy 72EBIHEL T, EMLZNORE, NANDEI1E Y K/, NAND
B2 €y bA/NkER, fAHEEGE, P2 Mk, Yarvy ey ryy, D7y FEDFF
ZHWIXEY LY AY, EXORIEEE, —FMBREE, ~NYF—F7) =g, 7744V
T4 LY a—%, WERIEOEEEIE ORI THINL 7.

SREHEART - 1 AHDLE, 2 AARNE |/EHY—JL @ Mychip Station, Synopsys #t: Star-HSPICE, Cadence #f: Dracula DRC k5

S ]

PN O T 4
e

VIYRFE 1,000 E, 10,000 %5 HEZY A v CMOSL.2um2.3mm g Fv 75 : TEG (FEFEHmmIE 4 &)

RIVAEN—KD 27 CPGEFILDRE

HARFETIZFHEFERLIFER A B8, £1A B, BB X
HAXZFETZEE T2 MR IRiE &R

BEE  BIfE, BRR 2B W, N TITbi T 2 ERABAE 1 2 T2 WIS 5 7
DDOWENZEINTED, ZORPTHELXIZ, SAVAFEDEFLTH B, A —F
VL7 a7 Nty b= Do a—urvFy TEFEETIHEEHABIICHIEEZTo T
5. M, SV ANAN=F T 27 a—urETILERHOTEET 20 A=Y =
T7CPGETNDHRMEEITo . VA= F 7 27 CP GETIVIE, BEEMEAEE
PR %2 > 7 7 A THERA L T 3 EEFR0E 7T, BEEMREEL Y,
T ERT IR D 4 o DAk 2 R RE 2 £ F L TH 5. ARIETIE, SV AT A—F
VP Za—BYETFADSF FRAEICOTAZIGHTE Z L2k, 1F vy FTog)s
HHEE % 5 ET NI DV THGEEZ TV, BEEDOREE, HETVICEIT 2 2HF 23 4HOF
PSR 2 MR L 7.

SRETHAR 2 AHLLE, 3 AHKM 885tY—JL : Cadence #: Virtuoso, Cadence ff: Dracula DRC KSY I X&#: 100 L |,

1,000 44 HMEZF> A v+ CMOS 1. 2um2.3mmfy Fv 7Rl : 79 v (PLL, A-D/DC-DCa v N—=27%kL)

R E ST RIBIER D IE

HARFETITZFHEFERLIFER FEEER, BB X

HAXZETZEE T2 MR {7 FIARER

BEE EE, MNICHOA DO OHIARF v 7> AT AMEH SN T 5., HARF v 7
AT LBFEDBMNDO—2IZ, MEEBEFE & IR EEBEMTA D D, BEalRSH i HAL ~ D
BMEE I, MR ES (MRES) 2ETE 2 KHNHEIAR O MUNERKL
MEMS £ffiz v CHE SN T 5. #ifdE 5 2 IE 3 28, 15513 50~500 [uV] FEE
LN -, B 5B O NBESHHEFTICHS RV X I ISR 2 TR T 2%
Eih B, W, HARF v 7% E HEICHIE 217> T\ 5. S, #iiRES 2 Ml
TE20DFRT Y TORMERIT> 7. SBl, REFTLAREKIEY S 2L —va v icCEfE%
ERL T 5.

SRETHART 0.5 AHLL L, 1 AHAR %5 —JL : Cadence % Virtuoso, Cadence #:

Dracula DRC cZYYZR7ZE 1040 HEZ> A v CMOS1.2um2.3mm A Fy 78Rl : 75 v //7FY 7 LG50

VAR A
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DR EIN e W IR

HEFERANREORFE & FM Z{EH PLL D&t

MAXRFEIZERES =R, ME B, FLEE

BEE  fisga ic blvne T uANREOREL HIIZ, MEDLE % JEE TN S AT g
nEEARSM YRR L [1] . AF v 7Tk, Bl L HERRLELAES
ELTIY T 2dic A v oN—2 Dfftfefiic X bV v FFIRE 2 G L, B OERL
k> TANBEEO/NY - EEggb kA7, T4, SREAE~NOIGHZEHNE LA
W JEIE BRI & o A FEH R (PLL) 122w, FM JABEEGET cEifE$ % PLL %
et - BUEL 7. Z ORERICFM L ERR G 2R oZEAFNICE T2, BT MHzIck T3
PLL O 8{EH I DGR % 1T 72,

SEXM ¢ A Bz, R, ‘HEAREMER vy RO AIEEMA BB
ERETHAR © 0.5 AHRLE, 1 AHASE  5&EHY—JL @ Cadence # Virtuoso, Synopsys
Cosmos, Synopsys £k Star-HSPICE, Cadence #: Dracula DRC, CadenceflDiva kFZYI X7 1000 E, 100 K% =ES
YA v+ CMOS L. 2um2.3mmf Fv 7Rl : 7w s (PLL, A-D/DC-DCay =%k L)

opooooooogoon
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Ll
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U
u
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pUouuuuuuowiy

CERFZRAWVWEMYZ7hIT5—27Yy770Ov7

FERETEE IR ML

FEXZXZREERZHER K —1E, FERFB

BEEE D 4R VLSHIZB W Tid 71 2 20ty 7 b 25 —2EIC A5 L9
IZ>TETVS. 2070, FHIRBRIEIRICHEE T2 Y 7 27 -2 R E L, WY
7 b7 —REOBEBEEII LTS G [1] 128V T, CET-Z2 7 imdlaEg i
T3y 7 27 —7yFOIMEBRESN. ARFICBVWTEIOMY 7 b7 —
7y FOMWRIHIZT) ZE2HNEL, 2Oy FEHOERAY—AL—7H7Y v
70y PEER L. %8, WA DIV — 7L, MEEBRBOMEICE LT, oI 7+
II7—FvFrRHEELYE, SLICREVY 7 P52 ET MY 7 2577V v 77
a2y 7O EHS I L TWw3 (B2EEER DC, Apr., 2008) .

SE@ER © S. Mitra, M. Zhang, S. Waqgas, N. Seifert, B. Gill, K.S. Kim, "Combina-
tional Logic Soft Error Correction, " pp. 1-9, Proc. IEEE Int’l Test Conf. (2006)
ERSTHARD : 0.1 AHBIE, 0.5 AHAM 2|EHY—JUL @ Cadence fl Verilog-XL, Synopsys 4k DesignCompiler, Synopsys #l: As-
tro, Cadencefl DraculaDRC +;ZYIRHE 1000 L, 100K5 HIEZY A€ CMOS 1. 2um 2.3mm . Fv Fi&E5 :
ZDfi

FrU—ILyI7AvR8EY FINEBOIEK

TFERFEIZEH 7 HERHR

FERZFXREZRMEBNZEARR R —1E, FESFE

BE . KT v 7IIHRBNOAT 4 FAE %2 MR E T 2 REHGIEFICB O TERI N
72bDTH 5. RFEFHTIE verilog-HDL ZH W THF v ) =)Ly 77~y F8E v MNKER
REDR L 7. 2 D%, SEAKY —b, BLUERR Y —v, BGEEY —L & v 2 EEEN 7% 7 1
Y NEBEBEHEICE D TR R 7RG — V2R L . AEBIZBNT, Yy 7hF v Y
—IMELHEF YU =Ly 77~y FIIESOE Y GEERMN, WS 25238 L b,
EDA Y — V& N IBED T 4 ¥ F VRGO BEIC D W CEE L. £ 72, SRR
XS B — MBI & P D 7.

SEER | VDEC BifE S, "7 4 & 7 VERBIR ORGEE & 3, " a8 (2000)
ERETHAR 1 0.1 AHDBLE, 0.5 AHARNE BEHY—JL : Cadence fl Verilog-XL, Sy-
nopsys tt: DesignCompiler, Synopsys #t Astro, Cadence #: Dracula LVS, Cadence #: Dracula DRC ~Z > I X% : 10D
FE, 10045 HEFY i A v+ CMOS L. 2um 2.3mm f  Fv FHER - HENEE GERS, BRESLLY)

1.1
i

i1
BRI

.




7OV EBERERTOEEEHE LU LEEIEESROSE
EERMRERETRE B, ME BT, B N

BEE - AWFeEs e 34408, HENIESRRE 27 A+ (http: //www. ec. ss. titech.
ac.jp/opamp) BT 370, FANHR L -HEEMIERZMELZbDTHS. 2h
N, AN—L— b - HEER - CEAR, FISNHRIER - AR - HEE, FHEER
EIb - ERAE - FAAEHEOREICER LR Z G L Tw b, IR, Ao
R & Y — A BEHIIRTIES O 2 BEORE 2 AR I, FHPHB TR ECRHET 2 X9 1%
DYOEFLLREIT>TVWE, Z2DH) LD—DTh AR IC Y — 2 IR %
2 Ot EEsE L 72 3 BUREE O BRIMIRA I3, BAMIERSGa vy T APy S aL—vavo
- FAEERE M - ERAIA - FAEADEPEER T 3 MR A L 7.

ERETHARM 1 AHDLE, 2 AR |/EHY —JL : Cadence # Virtuoso, Synopsys £t
Star-HSPICE RSy UZ&%: 100 L, 100K R®AESY : A2+ CMOS 1. 2um
2.3mmfy Fy7HERl: 7w (PLL, A-D/DC-DCa v N—%7%k L)

I8 - % DC-DC OV /N—4Y A AR LSI DRAF

EWEIZIKZETEHFRFR =i R, Sl Rz, HH 864

BZE : DC-DC a2 v "= o/ Nl - RE(LE X OERIERILD 72 0, AL CHRERIMT 1T D 3
7 —MOSFET ZHlJ& L, HEORKEZ LSIPNICERT 2 2 L 23 L Tw 5. 5SRO E
TR £ oA MOS, @B 1L RIE <M 2 COREFRE Ik %2 365 L 72, 1
[MI¥& 1% 3MEIEH T 2 2 & T ON PO X 5. EHEE FEA 10 G ER I H80 5 D
BEICED, WY 2Ty F¥ A LICERETTHETH 2. @EIRPIEFEKIZ 2> L =2 Lo
2P % Hi 119 % One Shot Pulse Generator % fv>C, DC-DCa v N—=¥ D& T A VI
AL Lo BRI S &, AL v F v ZTEfEE i —EREEILS ¢ 2. #1125
REfEE A0 & DI X D ST EETH 5.

SRETHARE 1 AHLLE, 2 AHAR 3%5tW—IJL : Cadence #f: Virtuoso, Mentor #: Cali-
bre MZYIZXFZ# :100DLLE, 1,000 K5 HMEZ>Y A+ CMOS 1.2pum
2.3mmfy Fy7HERl: 7w (PLL, A-D/DC-DCa vy N—=%7%k L)

INEUINERE & Y AR R ORRET
EILRIARZFTEHAER AR E17, 13H 86A, SH R
B R, v A suer UEMiZICH Lz, MITEERZ e VS IN TV S, L
L, My FORNIBNTH D, ZOMNZHIE, #2081 H 5. Kt T,
DU, /N o O 3R IR & BeE T L 7228, /AN o LIRS 14 7 & v B
BECTLE). 2T 7%y FEERZ, LY - v V<BA /Dav"—2ick->7T, 7
F O E»S T 4 P YNMEICERR L, T4 ¥ Y IVRHIERIEZ VTS 2 ik E T LT
W3, Sk, Fv 7, REMART Y TEAL v F b X ro8v ZRIEE VRS
B, 3R =2 2EEL, 200 EHAGOETTNY - ¥ I EFEERE L .
ERETHARD 1 AHDLE, 2 AHA  $&EHY —JL @ Cadence 4t Virtuoso, Synopsys
Star-HSPICE, Cadence % Dracula DRC, Cadence#t: Diva kS >YI X% : 100
L, 1,000 k05 HEZY A v€3 CMOS 1.2um 2.3mm 4 Fv 7&Rl: 75w s/
(PLL, A-D/DC-DCa v "—% iz k)
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DR EIN e W IR

ERBEREERERVGRE Y OB ____
BWRTAPASRISFHRA LM, 05 8, BE %2 R A

LR

BE: 7rur - FUYOVERERERKIE, kY aliEz 1 5y 7 LICHEBT 5 2 LHSATRE
THYH, 7HuaZHEEETH CMOS 7r e 2IZ X 2FHBEPLEENTWS., 75 u JHEETIE,
MEREESE L, BIHEERECOKEL R WREBEEF AR IIEECH 5. £/, B
TN THEHIND Y F 7 L4 4 vEMOMAEIC L BFAPILR L, A BT
BT ER YRR EIN TS, A7 av XA THF L 2 EKE CMOS LB
ANEEEISH L, g 323G L. KTy S, HEBERAERE, X7 7%
B 7z, £/, BEBHERETO 7 P25 O W/L a5 6E 72 MOSFET % B i&E
L, AIEEFBERENBEICREL N7 VP RIDY A A2 PETE S LI I L. HEAERE
FEMEE L, AURGHEOSDEZIDBEEL THE. AT 7%, ALKiHEOb D%
20, RIEMICEETLcb oz | DILEL TH 3.

SRETEARD 0.5 AHMLE, 1 AHARIE 5&EHY—JL : Cadence #: Virtuoso, Synopsys #l: Star-HSPICE, Cadence #: Dracula
DRC, Cadenceftl:Diva rSYIJR5%:10LLE, 100KH HEZFY 1 A+ CMOS1.2um2.3mm#fy  Fv 7Rl : 750
2" (PLL, A-D/DC-DC a v =% 7% ¥)

EEIAESROEE (2)
RERIFEXRFETITZHER BAXE, BG4 EEEX —OFLRALTATY
BEE | EHEIIESINAESE C, 7rhe JEgicB WAL Hvensblig7uy 7 Ch
2. WEIEIRSE OGN IE 7 - v FERBE G ORRA R AGRDE R I 5 720, I
ROBFHE 7 v FEMRPROPEEICE > THRD TE BRI E R D, KF v 7 Tldd44
DFEBAFEEE 3HDOBLIERE LD ZNEFNDFE L 2 HEREESR 2 R/EL Tw 5.
TH2EPMOTCORETH D, EEIMIERORIMELZE L T THROZR & FHEORE)
MBIy 2L —va itk 25, "vA4 77 TLA 7Y bofgEE, &5 Tl
) FCEMBEEO—EHOE 7 v —% AR, FEFS N EERIERIE X, D IHEAN
72 A ENIEIRIAG & ) — APEHIEIRIOI S D & 72 B 2B Ofth, 74—V Ty FARa—F%
FAVEPnF v 2 VNOSFETOEFHMIREREKE pF v 2 AMOS F E T D2
M IE1 % % #H A b8 T [RIAFH A PH 2 J5K U 7o W2 SRR s A S i Tn 5.
SRSTHARD : S AHBLE, 4 AHRiE &5V —JL @ Cadence #l: Virtuoso, Synopsys #: Star-HSPICE, Cadence #: Dracula DRC,
Cadence t: Diva ~ZYIZX&E 1000, 1,000 K0 SESY 4>+ 3 CMOSIL.2um2.3mmfl  Fy 7&Rl: 7F+n
(PLL, A-D/DC-DCa v "—%iz k)

ERIBEROHE (3)
RRIZFRFPETIZMEN BAXE BHEE EHRESXK ZJIFLXLTFaT7Y
BE  EENIESR SHESE L, 7hu 7RI W TUACH 6N M 7Ty 7 Th
2. BRI OBEHTIE 7 1 FEMNEEEGT OMA AR R I N5 72 0, HERIE
MOEHE 7 Fu VLR OPIFAE I L > TS THE R E 2 2. KF v 7Tkl 4
DR AEAE L 24 DBETHRE 1 FEDZNZ NG L 2 HEIER 25 /E L Tw 5. 8
fE S N7 FHBEIIER 2V TN WIB O Z BRI & B DY — ABEHRIEE D 6 72 5 2 B
M AERAL TV, 340955 241340 TORIETH - 7243, HIE O ZMIEIFERE O
ROWED IO T L RAAEy 7 Aa— FRIORH®, EHANTIHOIEKD7-®, AJTE
XnF*2)VMOSFETTHEL ZZEIESRE DT v FVMOSFETH»6 7% %248
WRER 2 WFNC O IR OBA 72 ERRA R TR ZHEL T 5. 5AE S A7 IR DR
PEFHEIC LY, FEEOY S 2L —va VIEREFIFFL VI LRSS N,
ERETHAM 3 AHLLE, 4 AR $&EHY—JL @ Cadence 4t Virtuoso, Synopsys#t: Star-HSPICE, Cadence #f: Dracula DRC,
Cadencetk Diva FZYIZ&H# 10000 L, 1,000 K0 HEZ>Y A+ CMOS1.2um2.3mm A Fv 7&EHl . 75 v/
(PLL, A-D/DC-DCa v N—% 4 ¥)




2FvTFMZIADRE
RRIEXRFEIZHARR B XE, BH G4 EEEE —OFLRALT1T7Y,
Hh 1B
BE AiFEEE TOMEIRED, FM 7Y ADREBEY AT L TR L TV 270, SEE
HEHLINTOARP > L RHpBAROEFR L ZFEH L T 2. XREOFM 7+ DRZET A
TATRA—RR=—~Tud 4 v FAZHEAL TE D, FIERZIRRIEE, 5550, E5H
Mg CRER S 5. MEREREE CoRETlE, PSR E 210kHz & 3E L Twizhs, IF B
TOESUIICB T, ZEEEPAKEL D700, RRETIE IMHz I28E L 7. A
WHEREL LI/adIZ, 7 4 V2 ICRIRERRESHIEETH 253, (BEFREH N2 Z
LTk, 74NV OEBBREL BB I ERVTVS. £, ANESENICED
FM & #0010 A RG2S HIBR % 32 1) 20\ & 9 12, #iBGc BB RIS 2 A L T
3. X652, HEFIATAEREE, FMERREE L LA S 02 AoHEIR R, SRR EiRE g
E LTI N MAMHFIARBKICEEH I NV — 77 4 VY OFRIEHFIZIEF TR E Vi), BEZEMVICKE < § 280z Hw
TI—T77 4 VT DERLZEBIL TWw 3.
ERETHAR - 5 AALIE, 6 AFAGM 5’5V —JL : Cadence £l Virtuoso, Synopsys #: Star-HSPICE, Cadence #: Dracula DRC,
Cadence fl: Diva ;S IZX&F#: 1,000 8L 1, 10,000 K% HEZ> 1 A+ CMOS 1.2um 4.8mm f§  Fv FHERl | {5
(RF[E#%, ATM 7% &)

FMBZEDRIEY AT LDREF
RRIFAFETIZMRY SR KE, BHELE EHREX 270X LTA7Y,
M 1EE

BEE : BifEEE E CORMEDFHNIC L D, Itd ROFHED FMBGEDZFL A 7 0% 70 v
7 EEAELT, FMBOEDRZEBL AT LDOF vy EX v F v T7OMER T 7. ZEV AT
DA SNBSS FRE K, BRI R S 5. SRS A R i LA R B i
wn, BERIEARRNE, RESTHERIN, 7706 ANINEEZTOREKE
210kHz I2Z&#1 L T\ 3. EEHRMFIREE GVUEE IO v 73 L= 2L TH
H, FM 7 ¥ A 2 ¥ T0OMHZz-90MHz O H 7 Ji i B % e L < 2. TREE S 7
WS VAR XY Z2EHLTED, AJMEBHOTA YL —2arv2EEL TEELTY
2. G5 R HAEOEE 7 ¢ VY L AIZFAEIESR TR TR D, BiEKORE L
RIFFRE 2T o T3, RICHIBOE#R 7 4 V& 3MEXREN2ET 28R THMREINTED,
Bz v 2L %2 -40dBe I RE I ¥ 5 2 L3 TE 5. R IS HE AR 2 ORI N TE Y, BEREMEDouy 7L v
PR TR E L TWw5.

ERETHARD - 2 AALIE, 3 AAKGM SREHY—IJL : Cadence £l Virtuoso, Synopsys #: Star-HSPICE, Cadence #: Dracula DRC,

%

Cadenceft:Diva ~ZYIZX&% 11,0000 5, 10,000 4% HEF> 14 v 3 CMOS 1. 2um 4. 8mm 4 F v 7R @ @3 2
(RF [El#, ATM 7% &) =
F

4

UTMOST i FH MOSFET 7 L 1 it ?
ARFETZE SFRZ BHE— ?’F
BEE : oL N2t UTMOSTIC X D %9 X = 24 LSk ED SPICE € TV %2135 2 & i
ZHMWE L7 MOSFET 7L 4 Z3fE L 7. Agilent #hFEAE NI X =27 F 744 &

4155C & Cascadefh 7 N—2AF—> a v EZHOTHIE L7 X =Sl %fTo %, 4
754 v ADCIZHw3 2 & 2 8E L 72 CMOS B R AR OB EED A T v 7.
CHERNLT =Y 7 3 u VR CEIRERE IV COEBEZ MR L 2. RE L BREEICKE
LAaWI ER2ENICL 22 o ERE0R 2 A H L 72 CMOS JEHERE 5 [M1#% O FR 1 %2 47 -
7. &2 VDEC k¥ a—FL&SPICE ®EF N SF X = Tiiokd, EED
UTMOST il &R OA—EUT & D BfEDOMER DT E b o 7z, Z DMK D 72 D
RUER, ¥ 70 F) F v 30 ¥ 0ELITo 72

ERETHARD (2 AHDLE, 3 AHAN $&EHY—JL @ Cadence 4t Virtuoso, Synopsys
Star-HSPICE, Cadence ff: Dracula LVS, Cadence #t: Dracula DRC +rSY I X7 : 100 F, 1,000 K0 HESY: 4v+&
S CMOS1.2um2.3mm#fy Fv 7Rl : 79w 7" (PLL, A-D/DC-DC a v X—% 7 ¥)




—
N

DR EIN e W IR

BEHEEHELETBERE, v OTREIEHERS
BREERFEREEVRATLAREY Y — HEH

BREEXRFEREEY AT LHAFER T, BT OB A HLEBEWR

BE: 28X 9 2y Y —%v b7 g — 27 ED 2 — )L CIRERB)E I 0 TR ASE &
%5 BRI VX -2 L 28R 822 X7 L3 F 2B T, EAlIn Tk
V. AFFICREBEI ALY —2FA L e 2 nEE» 5B S NN 2L X — R ZIRIN
WERSIE T 2 R EE RN O 2 To 7, BWAEET 54 2 D%iﬁ%%ﬁ
L7, 36102,  HEIY 2 7 HIAH R s AR 2 78 0 JEHE BRI R & 5 MR L 7.

K, HSPICEICk by 2alL—vav Lt&, AfEZATV, ﬁﬂﬁibtﬁﬁaf:ﬁl—l%k
AR 25 25 I R 3% TH O R 2 SR L

ERETHAR : 3 AH DL L, 4 AH A Eﬁi‘i“/—}b : Cadence #t Virtuoso, Synopsys %t
Star-HSPICE, Mentor #: Calibre ~ZYJZ&#: 100801, 1,000 K5 HEZ> @ 4
v+ 3 CMOS1.2um4.8mmfy Fv 7ERl: v ru vty
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SBECEEEREEEECE

U9 H%HA MOSFET OE
ILFERZRZFEETZRRR R MR, e &N, BB, R E—
BE : A AENPEEEOWEICH O R V3, B0 TAZEREFICEZSE
IVHIREZFALTED, BRL aMEZHOTERINTVS. LiL, iy
REREDOZHELFTHRINTED, YD S/N IR Lok, F5 0% 2
VHBRBIC AN D BN D Y B AKBIEIC 2 5 LW ERD 5. £/, vV IOk
WA OB D & KEBEMS Ny 7V —CORMEIBGEI RS &5 0, BRox 3T, [
B L BE O R TEEEE N ED s N TR LORERTH S, 22T, KRET
&, B2 v HRIESICB O TIRT 7 vy PR ICEEHZ, 3ol L E5 0z M
—AEETIT A 5 O AEIBE T OEIUC AT 7 BEZE & LT, BB 2 &% E R LG
% 1R L 7% MOSFET Z#\fE L 7. #fE L 7z MOSFET (X, nMOS/pMOS & ¥ iZ k& Hs
RRDIALICZ > TREL 7. £, €AWIEI 2RI TE 2 5y MOSFET #-, HAY
— b @ MOSFET & FRHZBAE L 72, BARBICH 72T, OF AR T OFIIICE T, SE7 R 2D 7 — YRS 5 REL I N
T3 1. 2um CMOS £iffi % fva 7z,
SRSTEART : 0.1 AHMLE, 0.5 AHRN §&E5HY—IJL : Cadence #l: Virtuoso, Synopsys #: Star-HSPICE, Cadence %l Dracula
DRC rSYIRZ¥:10LLE, 100KW BMEZY A4 v+ 3 CMOSL.2um2.3mmf  Fv FiERl : MEMS

BREGMEHTHET S MOSFET ZHW-EREERETIREI DK
%ﬁIﬁm%%Fﬁ—?—’fi ESUBERITER B &

BE - EERAHMERE, T e JERICE W TEELFIKEREDO VD LEOTH S, K
F v 7°§f§f’F"C 1, (REE, EELECE{ET 2 BEERARNEORG 2T 72, Kl
ORI, J9KHRTEIE CEIfES 2 MOSFET Z T\ 3 Z & Th 5. 59ERFHIK CHIE
3% MOSFET @ FL A vERIGESEFEEZ R T, K FL A Bz LAt &, 5B
BThr N EEZ RSy — PEEEZRO BT L3TES. s oFREHWTHEE
—WEEHEIT) LI XD, LRORMEICMA CEMIERMIEREZ/EL LN TE
5., YIal—yaviiBWwWT, BHEEHKEL2V TR 2fToTw3y, BREE%
0.9V ET TN CHEMEDTRETH 5. KMEEDOHEE L 2uW L N Th o7, KRFEHET
i, BUNEREZIDS 2 L ST IRIIDMENKRE Lo/, F v 7L
KU, BEHERD - DICEIIZEE L 72 D L AFHED [ (EBIERR) & Lcbo
QR A G L7z, ERdbidbie, EARREZ 27201 MOSFET Bk b flAAA TV S, 2k, TAZICKXZME X EZEMKL T
W,

SRSTHARD - 1 AHBLE, 2 AHRM 5&EHY—JL 1 Cadence #k: Virtuoso, Synopsys £l Star-HSPICE, Cadence #: Dracula LVS,
Cadence #: Dracula DRC, Cadence #: Diva ~SYYRX&E: 10 E, 100K HESY : A+ CMOS 1.2pm
2.3mmfy Fv7f@ERl: 7+us (PLL, A-D/DC-DCay"—%7%kL)




VILVFRIEE VYA —7 1 AMigE TEG
EERIKRFXRZRIFHAER #AR X&E, BH 2, gih —n

EERIKETEER EH %8

BEEE AW T, MEEE, [EH, L o MEMS ey # w4 ay, XEY, fEH
EVo AR A2V F BB L VSV AT AR L. AT MIEEEN
DREVAEY, v av 0ot bDRERIIEL §T2 2 L TABIELER>TWS. ¥
AT LD G, HEEL V) L EEORKRME - /Ml 2 0/EE 2 Bl o &2 FRE L 3
2. ZAUIBRBEIIC 2T BRI BRI 2RISR E LD I T2 5720
T, IEE DR A « AMED—ERRICE T 2RV y P 2BEDIEL, BHRORER
BivsCTwd, AT L %/NUME - HEIMLT 2 2 LT RAT LB IN S B OIEK%E H
L, MEEOERIICHD A TYS. KF v 73IETIE, INEEX v HORKME - /0
fEfRRERIEE L, 7Ok 285 A= OWMHBHATEG Z2i%Gt L. EL=F v 7i&, Ny 27
— PRI RTHD Ny B ERBRORGT S A & D BRI I L7 5 e h o 7.
SRETHAR - 1 AHDLE, 2 AHAEM 5|EFY—JL : Cadence #: Virtuoso, Cadence #: Dracula LVS, Cadence #: Dracula DRC
RSUURZE 10LLE, 100K SESY 1 A>3 CMOS L. 2um 2.3mm i Fv 78R : TEG (RrErilalgg 2 &)

"R I BN OB B BN BN R

AOFTHRREAT A ML A—R

EBRUAPAZRIZHER B4 R4, BE 22, 65— g et L |y
B S0, Ko TH L 2 T a2 I 279, N-well & P-cell ® PN #4 i
RN E L7 4 F A A — Pt L. THRHOBD A>TV EIDOANZH S
% &9z Metal iIZ CHFBHEIRICHET 2 AV v P 2R L, Z DD EWIRT OB
DB ERET 5. 2Y v b (BHOE 1084x64um?, [EkE 14. 5um, #%F%11) % ETFic
2OWMRTEHEL, ZD2O00AY v F2ELAFHICT.20um T 65 LCHEL TS, 20
kD TWHRICAEL 22840z 1/4AEEECTHRETREZRD, TEWHROZLSBED L9 &5
HEDLDTHIPRETEZLEZONS. 1, BTH A4 AHT540x64um2 & - 72/
SVH A RDARY — v, PNESLE EOHREZIHMIT 270D TEG bREL T3, 1 AL - :
D7 4 b FAF—FIEHLZOE I BAY v bEMT L bERASNBH, 74 F 544 SEEREEEREEE

— Foil L B85 2 083 2 fdmEg & o bz L, SfEzfro7.

ERETHAR 1 0.1 AHLLE, 0.5 AHE &5 —JL : Cadence tf Virtuoso, Cadence ff: Dracula DRC rSYIRXF# : 101
b, 10045 BMESY : Av £ I CMOSL.2um2.3mmf Fy IR : A A—L X v /Ae— by

L3
2
=
9’_
A
mREEA—-TABTIFPVT 7
ERIREFEMFREIITEN WH AR GBRE EL B
BE > v TV RBRT, »2OMERRA—T A ATV 7 v 7 OG- iR HIEL 7 g;(
Fv 7 THL. RO AT =7 TOHBUCEC S Lk, HEE T V7D &) i &

FEEZEL, WHbY3 7 VPRI TREERVWY 7 M eBEEZEH T E2HE L 2.
FEARNEEIE, CMOS A ¥ N—=%TH D, BIEEREENE D AR 2 ARz v
TEREZFEHTLZILEZHIEL T0 2. NEERNA 7 AR Z HBINCHHIET 3 B[
RTHY, TNZHIRE, FHEFLEREL Tw 5. JEDOFRE, AN 2 E LR TE,
S AW, HIRE, 2EaER, FBEEREREZMD, =T A7 7L LT
PEREZ A 5. o NICHIE? v 7 — R 82 HET 2TV ETH 5.

ERETHAM : 3 AHDLE, 4 AR |/EHY —JL : Cadence # Virtuoso, Synopsys %t
Star-HSPICE, Cadence #: Dracula LVS, Cadence % Dracula LPE, Cadence tk Dra-
culaDRC ~ZYIR&ZE 100 E, 10046 HEZY A2 CMOSL.2um2.3mm#f Fy 7&ERl: v 7u7uky 4




N
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TR 18EEE6EO—L CMOS 0.35umitfE
(RO35066)

An Analog Associative Processor employing Bell-Shape Simi-
larity Circuit

RRARZEXERHBESAIREI R Bui Trong Tu, ¥MH &

BEEE A compact analog matching-cell module compatible with integration with digital memories has been developed, aiming at building small-area
low-power associative processors. The matching cell utlizes bell-shaped current-voltage (V) characteristics to create a primitive function of data come-
lation. The key feature in the present work is the proposal of a calibration scheme that can mitigate the problem of device mismatch caused by process
variations. In addition, the matching cell requires only NMOS transistors to implement, enabling a very compact implementation of a maiching-cell array.
Basically, the chip consists of two main parts, the digital memory module and the analog matching-cell module. The memory module employing SRAM is
utllized to store template data. The similarity evaluation between the input data and the template data is carried out in parallel by vector-matching circuifs
in the matching-cell module. Utilizing these vector-matching scores, the winner-take-all (WTA) circuit determines the maxinum-likelihood template vec-

tor and identifies its location. The proof-of-concept chip including a 64-cimension 3Z-vector matching array was designed and fabricated. And the concept
has been verified at the operating frequency of 33.3 MHz by measurement results. The matching time is, in principle, independent of the number of tem-
plate vectors. However, one important disadvantage is large-size capacitors due to design rules. Most of the matching-cell area is occupied by capacitors. This problem will be resolved if high-k MIM capacitance technology
is avalable.

23T - (1] Trong Tu Bui and Tadashi Shibata, "A Compact Bell-Shaped Analog Maiching Cell Module for Digital-Memory-Based Assoctative Processors," in Extended Absiracts of the 2007 International Conference
on Solid State Devices and Materials (SSDM 2007) , pp. 496497, Toukuba, Japan, Sep. 18-21, 2007,

ERETHAR - SAHMLE, 4 AHAN 5REHY—IJL : Cadence #k: Virtuoso, Cadence #: Dracula LVS, Cadence #: Dracula DRC,
Mentor #: Calibre, Avanti%t Star-HSPICE ~Z> ¥ X%%:100,000 5 #HEZF>Y : v—2 CMOS0.35um 4. 9mm ff
Fy7ER : 7w s/ TY I MEENM T ey Y

Full-CMOS ASK ZE{&REIIE D& EERR SR

RIERFRZRIZMER  FHE &5 EL, HP &, W LE

BEE | 2 S b OERT ICHE -, EESERNRREE OSHES S 40T 2 N B B ZS 1 oA I
FEMARED R R CHRIFICE 2 BFERDBEM L T 5. W4, TR L 7= Sl o B 2 4%
L, BET 2 MM E R MNE 525 2 LI k> THEZ B4 I 5 AR LSI off
FFEMTON TV 5. KRIETIE, EBRICL 27— 2 OXEBIC ASKER AR ZHAL, B
ANEEE (ZEERIIEE) 22 638 E S b ASKZFED 5 AT LS 0 N4 7 AEHEAERAH T
— ¥ R I E TCOEEFMPBK OB 21T - 7. SWIEEH L 72 ASKZEFREKIE, CMOS F
VP AYDATHEINT S0, itk ASKERRFKICIERE A=, KT, {KH
BENTHD. MAT, N 7 RAEEERERKS CMOS F 7Y 2YDATHRLTED,
DAC LTt E L, ST —2IIb L =B EZ T %. Hspicelic k3
Sal—vavaEELGEER, BIREL3. 3V oy, FEEEHFE0. 1-10MHz, 72 L
— M 0.01-1M bit/s, IH&E ) 60-T0uW TH % Z & ZHEZRL 7.

ERETHARD : 1 AHDLE, 2 AH R 5&5HY—JL @ Synopsys #: DesignCompiler, Cadence #: Encounter, Cadence %k Vir-
tuoso, Synopsysfk Cosmos, Synopsys fk: Star-HSPICE, Cadence f Dracula LVS, Cadence #: Dracula DRC, Cadence #t:
Diva, Cadence #: Analog Artist MZYIX&# 1000 E, 1,000k #HEZ> : v—24 CMOSO0.35um 2.4mmfy  Fv 7
A EfE (RF[EIE, ATM & L)

SFQ/CMOS I\ 7V vy RXEY

EEIZKREXRFERIERN =i 78R, AIE BE, %E KT, FNET
BEZE : BH399AHO066R1771 : RO3506_6 & [AARD B, HED/-OF v 7EEMPL T I
A Ul % /L 7z. SFQ/CMOS A 770 v FXEY S A7 LHO A€ A%, HEEIE
SFQEEEDA Y F—7 24 AWK TH 2 EZHYIEHRE, AEVDPS%D. XEVIZ
STDRAM Z{fifH L 7z. ZEiEIZ AL > b 35— TSN TED, HES
BTHIRL T s, JIE LR E LTiE, ZEEERO > —Y VBT E7 TEH % 0%811F
RIZEDT iU A eV RIEFEEEZ T 5. Lo L, IXTCOF v 7DE{ET 2D T
137\ 7 DIEBIIESR OBTFLERSHOME L A 5. TDF v 7T, FfERC 2E &
WFICHF 2T o7 20 &) REfEIc kot 26N S, Fv 7OEERIZ 5 EIRE
ot i, KRR TOEFIELMHRATE L2 QR CIREIERL R 2. T b
R UPWNIKEVRAL V=YV EFRS.
SRETHARD : 2 AHLLE, 3 AHAKNE &5V —IJL : Cadence #k: Virtuoso, Synopsys #l: Star-HSPICE, Mentor #l: Calibre K3
JZAZ¥ 1,000, 10,000 & HEZY r v—24 CMOSO0.35um 2. dmmfy  Fv FHERI 0 X €Y




SFQ/CMOS N1 7VUy RXEY

BEETREXZRIEN =i %8R, 8 BEE, ZEKFE INET

BIE : SFQ/CMOS N4 7Yy FAXAE YT AT LHD X E Y [HIE. HIZ SFQ B E DA
V=7 A AW TH L AR E, AT YN6K5. A€ VIZITDRAM 24 L 7-.
FEEEIERIZAL Y RIS - THKINTE D, EAMIER T BTHIEL Twa., JIE
L7720 E LT, ZFEIESRO— 3 E7 TR 2PN I Z RO 6 A
TVRIEEHEEZ TS, L2L, TXTCOF v 7DEET 2 b1 Tld 7 o /EEIHIES O
BEZEDSHROPELEZS. Z0F v 7Tk, MMRCE2ZBEE T ICHE 2o/ 0
COXI)BEERIC RS EEZOND. Fy TOBERIISHREL 57, 7, (KRT
DIEHIE LR TE D2 O TIEEIEEBREL 2. ZNHEiffv— VS B R
AV b=V EEA5.

ERETHARD (2 AHDLE, 3 AHAN $&EHY—JL @ Cadence 4t Virtuoso, Synopsys #
Star-HSPICE, Mentor #k: Calibre ~Z>IJZ2%#0:1,000 L0 F, 10,000 A% BHEZ > : v—24 CMOS0.35um 2. 4mm £y Fv
TERl: x®Y

Y14 FSy VREBERE - BEEBH/INILABERBECMOS r XA—ItY
#
REERBZRITKZERAZYE LI RF 2R R K EH, RF =UER,

E =—8, T ER, KB =
BEE |4k, NAF - BIE, ey Ry b7 2IBHEZBEL, oSOV AR
HLZMALAEEE - BHEEH CMOS A X =Yy 2FE LTS, i
128X 96 HiFED A X — & I X O FEIEEE 21T > TS, mZEEE T 2 AR LA
WENZFEWRT 272012, MFENI VL= %25 LTIy 7HEIT 5. 200, &%
FIDREEFTHIC, AL v FAHERBAME 7V F v =P 24 v F 2RI 2. WEHNDE
RAL Yy F VY PAAYFOF =P EER7—FA Iy Fickh, BFEEELD D
HWEEZAMNL TW» 2,
SEHR : K. Kagawa et al., ISSCC Dig. Tech. Papers, pp. 54-55 (2008) .
SRETHARD 1 0.5 AABLE, 1 AR |/EHY—JL : Cadence #: Virtuoso, Synopsys ft: Star-HSPICE, Cadence # Dracula
DRC, CadencettDiva MZYIZ2&#0:100,00000 Fk HEZ> i v—24 CMOSO0.35um4. 9mm fy Fv 7HHl - A A —Y & v

2
=
9’_
v
KBER LYY RUESLERR 7
EERIAFETZE R &R, X E#E ?’F
BLE AR T, ZHAETZBXBDT L ARICL THEAEFEDRMICEOE THEEDZN 33
RTZERTLHT, 772 0HT 2 ERBAKORSE - §HlizfTo72. 7LARICT 3 =3

&R DRZNHRDA U TRER T2 20, BAEETFLELT, 74 ¥ 44 —F Kk
DOEBER 74 b7 AYEEECMOS 70w ATHEELL, oI, AN
IDYRAT LOWEAWEEE 74 b b7 v PR Y ORHEICEDLE T, RE LIS R DR
BRSO LER N 7 VAL VY E—F VAT TN L. % 0ZRETIIINIE S
WX DEEIGERE R E LT, HEOZEETZRRFIGEAT, ZHBEZ2 I SIC
] LI 2o ARk & L 7.

SEXW WA, F, RN, 7 AEDEID FERLZER T ORE” , pp.256-29, 74 P HL
S (2007) .

ERETHART - 0.1 AHLIE, 0.5 AH AN |ETWY—JL : Cadence #f Virtuoso, Synopsys #f: Star-HSPICE, Cadence 4t Dracula
LVS, Cadence #t Analog Artist, Mentor #: Calibre ~Z>IZX&# : 1080 L, 100K HMEZF> 1 v—24 CMOS 0. 35um
2.dmmfy Fy TR A A=Y VY /A—F kY
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DR EIN e W IR

HEFER Y YHAERNEE

EBEERRFET Y WK EE

BEE @ OEAE, WFEBZESEEA T b T 2 BER R & o 3 1 O UNE SR % % 3%
FhL 7. R, 2@ EAEAMEN L v Yo v EEREE Y v Fy TTERTES X
I, 2ODAAL v F xR e Ay ROBERBRNEGEZ 47 0y 7 CHEIT 2R e L
7o F7, A vox— g AFEIRAEE & A 50 65 D IR ESR IR R b R TR L T, ST
RO Z KD S SIS COMHEZ A OHEBENORIEEHE L 72, A
A4 v F FF 2 A PICIEHEEIESR O A4 72 v P OB ZRETE S Auto-Zero /T
DER—BELMRAKEZ AV, ZoRKEERN v YOfic7 =57 77y FA—%
—DOWUNE RIS BE L IEE Y 3 EOTT DSBS Z N,

SXETEAR 1 0.1 AABLE, 0.5 AFKME |/EtY—JL 1 Cadence#t: Virtuoso, Synopsys#t:
Star-HSPICE, Cadence #:: Dracula LVS, Cadence #I: Analog Artist, Mentor %I Cali-
bre RSYYRFZE 1008 E, 1,000 45 =HESY : v—2 CMOS0.35um 2.4mm f  Fv FRERI : AN GRER, KREMSE
7E)

5 FEREN[E B

EREERRFET I BFEE, MK EE

BE [ GFEoAE LED oEsiEMic iy, B LED oft, &, &, & vwo 2 agto
LED Z HH\WCEB{EREZ 1T WEDGREH T HZEDO Twab. 2 2T, AtEE %2 H
& LR ERE oG 21707, &I LED 2 KE$ 2 0l B 28+ mA D Lo dE
WEWT O, 7= MRONZI VT VP 2P E2LEWGFNNRS 2 LTF— RO
WNzEFE, 27V IMELa vy 7 bR =V TOEBRTREZBA LWL I ICHEL
7o, £, BEELED % [FRHCENE T & 2 @R IcBA L T b Ekdt, v 477 b &2iTo 7
¥/, LEDORE#REL X L3¢ 23 7Y 227 74 > A% MG TR T
% & ) TR & BB T B OME 21T o 7. BUEL 72 F v 72 v TA R LED O 5KE)
FEE & AT\, TTEYGEGEHOREICA - 7 BIFSER3&E 6 .

EGSHEARD 1 0.1 AHBLE, 0.5 AFARM 585V —JL : Cadence #t Virtuoso, Synopsys %k
Star-HSPICE, Cadence #l: Dracula LVS, Cadence % Analog Artist, Mentor#: Calibre ~Z > I X%#: 1080 E, 100 Fii
HESY : m—24 CMOS0.35um 2. 4mm i F v TER 1 4 A—P kv ¥/ Zv— kY

RFESOEDRELREBRULLESHR7FOT - To I I TR
EEEMREAZRERIZMER B EL

ERERMRERFETEE A 1+

BE  RBEBIETCEIAFIv 2Ly P2 ERTE 2 5ETHE508T%k [1]
WKHDOWTAAL v F P X2 RO I WIESREZMER L, ZONFREOE{ICEHL T F
T T4 PINVEBRBICEAL TS, YA F Iy 7L Y PDREIC L > TETOEEIR
SGOZICHN L TURRER 7 s - Ty PYNVEMERE RS 2 ENTPRINTED, 20
WEDI-DDRMETH 2. EBNHFEEHVTObit 4 Fo34 vE7PFus - F4 9%
WEHSRZRITLTED, EROWED AL 754 vy Fal - 74 P9 VEHREICHT
RS ORFEE CRABEORELFEBTE 3,

SEXB  NE+E, MHEAT, HEEE S5 0%FEIcX ) DNL2EEL A7 T8
7 T VAR OMR” BRY S, BTREMESEE, ECT-06-104, pp.15-
20, 20064, 11 H.

SRSTHART - 1 AHBLE, 2 AHRiE &5V —JL @ Cadence #k: Virtuoso, Synopsys #l: Star-HSPICE, Cadence #l: Dracula DRC
RSYUZHE 1008 L, 1,000%% HES> 1 v—2a CMOS0.35pum 2.4mm 4 Fv 7#&Rl: 7+ v~ (PLL, A-D/DC-
DCayv =%k k)




A AX=ItrH1

RIPRFEFE IMIT

BE : CMOS A A =Y v Hid, ik FiRiid e Mlad s 2 itk Dy, R TH%
BRzah oM e L ORI E 2 2 EWRETH 2. i H-HSICHT 2 2 L2 HWE
LT, 2.4x2. dmm**2 O F v 7 ki, WizEY 4 X 20x20um**2, #izE%65x55 €7 LD A
A=V Y ORFEWERTo 7. DHiOFEEFEREZ B/, MEFA A2 RKELTHL
T, BORET0% & Lz, 610, W/LHEHEZRECHS Z LIcX hERfEEREL ok,
ST RLYRYEY—AT7 40T EET S EICE D ESTE L EARE L L. WEREKO
ey MEBEANEZ VA7 7= —FDRIICEIT 52 ICED, Vky MEFITL B
) A RO ERIT> 7. BUER T - vy — 1%, BEHIiRCcH 5, FRE2HE 2
TEHBOR TN DICHAZED TITE VW EEZ TV 5.

ERSTHARD : 5 AHDLLE, 6 AFKM 3%EHY—JL @ Cadence#k: Virtuoso, Cadence #: Dra-
cula LVS, Cadence #: Dracula DRC, Cadence#fDiva kZ>YX#7# :10,000 ML, 100,000 k&% HEZY @ v—24 CMOS
0.35um 2.4mm#fy Fy IRl i A X =YY /A=Y

0.18 um CMOS ASIC

RRRFIFHRFHERER A AH, BR R S8 5
HRAZIZPHNAAIVIZFPUVIER BERER

BLE . We have been designing ASIC chips with 0. 18 um Rohm CMOS process since
2006 September. Our purpose is to use ASIC for front-end electronics of nuclear
measurement and imaging such position emission tomography (PET) . Four chips
have been submitted by now and all of them are shared by several colleagues in my
laboratory. In September 2006, I have designed a charge sensitive preamplifier in
the first chip. The preamplifier has used both NMOS and PMOS transistors as well
as capacitors. The function of this charge sensitive preamplifier is to convert
charge signal to voltage signal while noise performance and response speed are the
key factors. Later in November 2006, we have submitted another ASIC chip. In this
chip, I have implemented variable gain amplifier (VGA) and digital to analog converter (DAC) , both of which re-
quires large value resistors and switch. I have adopted N-well resistor for the simple layout and NMOS transistor as the
switch. In March 2007, we have designed another chip. At this time, we have mainly fixed the design and layout mistakes
of the first 2 chips. I have revised the charge sensitive preamplifier with NMOS capacitor and VGA with poly resistors.
Meanwhile, [ have added various resistors to test their characteristics especially linearity. Last submission was in 2007
October, I have revised the charge sensitive preamplifier again to include an internal bias circuit. This design is close to
prototype design. Right now, we are testing all chips we have received. We look forward to implementing a full mixed
signal ASIC chip for our application soon.

ERETEAR - 1 AAMLE, 2 AHK  $|jEHY—JL @ Cadence #: Verilog-XL, Cadence % Virtuoso, Mentor £k Calibre ~S> 3
AFE10DE, 100460 HIEZY i v—24 CMOSO0.35um 2. 4dmm A Fy 7&Rl : 7w /T I NESUH T o X v i
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DR EIN e W IR

Fr18FEEE7EO—L CMOS 0.35umiRE
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(RO35067)

Pulse-Coupled Neural Network ZRW-ESFHER 7O —
RRERKERERTFERHARR & s 3
RERAFRZ A RISAI R E AR SEH B l i } |

BEEE @ ZJOomih o — KO~ 7 MR BETERICE AT RO OMEREAR ) FVER T e -2 EE Lk S0, B : |
DHFMREETVTHE Pulse-Coupled Neural Network (PCNN) % EREHIER L L T PCNN ORBA B L 2 b0 THS. Z07 0+ J
#F=13, AAY =y QEEPBHIFEI N D TREN) PV ERRICERTE S L AMLSS 5. ARGHCl, PONNOGHRIE

FRBRMIMER, 70-F4 77— MOSKffiEM05 2 LickoT, BlICHEL L. 8, 70-F4 77— MOS %A '

THIEI kT, W7 -5 Db fiicEdics, BEE- N CHEZT) LOEHERENAL, LobHEENEIRCTHI LN ‘

TEL. BB EA BT 21D 16X 16 OPCNN =2 —n v 2 BEL, WERTTo%. Z208%, H—19 - o, ZHitL e

AMBRIER, BEHAT -/ TROBHIEEDRONS L RIGEL T, ! [

2ZX#k: [1] J. Chen and T. Shibata, "A Hardware-Implementation-Friendly - I..

PCNN for Analog Image-Feature-Generation Circuits", pp. 594-595, SSDM 2006

SRSTHAR - 1 AHBLE, 2 AHAM 5j5HY—JL 1 Cadence #k: Virtuoso, Synopsys £l Star-HSPICE, Cadence #: Dracula LVS,
Cadence #t: Dracula DRC, Mentor # Calibre k2> Y& % 110,000 b4 I, 100,000 Aiii FHMEZ> : v —2 CMOS 0. 35um
4.9mmfy FyFER : 7w s /FUINEBAME ek v Y

ERESGABASRTRERATHEET v 7 OEFER o
SILASASHRTSMER W X, B B, BR B, AW XE A
BREE 0 RS M R M (SR A M 7 £ 02 K D BRI S IEIA L TR R o - i . :
MARFTL, 000 FAZBZTWE. 2N6DBEDHED-DIC, BH O Z EEE K
L CHAEERE 2 0E S ¢ 2 ATHROBFED RO 5 rvTwv 5. F4 13 LSI % 3 XIuiicffE
T2 IRuER LB 2 O BB ATIRZREL Tv 5. RRfETid, wiREREL 7%
F v 7O IR R & FARBOS R 217V, Ak 3 g om B OMEE L E2 T
ot NIRRT v 7033 2Tk o 7. Z ORI IEmIE OV 2 & Ak v 2 2585 L
THHT208ERH 5. £, ZNFNO 0L AR, B, RBZEZICEHETHET 2
LAk 5D, FHliORSE, SIERIEEO T OV AL, FI3HTOBE L b D A4
Kok LC 1Hz 225 500Hz OfifHc& L, F72, MEKICE X 254 7 ABEEZ (LI ¥
Bz ricky, EAMD L AMEE 0.5ms 2> 5 Tms, IEAMKRE DL Z[EFE% 0. 5ms 2> 5
SmsICHET 2 2 LT TH D 2 L ERERL /.

ERETHEAR - 2 AHDLE, 3AHARN &5V —JL : Cadence £t Virtuoso, Synopsys k: Star-HSPICE, Cadence #f: Dracula LVS,
Cadence #t Dracula LPE, Cadence ft Dracula DRC, Cadencet:Diva rZYIZX&#: 1000 LE, 1,000 K HEZY :o—
2 CMOS 0.35um 2. Amm fi  Fv 78R : 7+ 7 Vil

W TESZERAWE=RTF Y 7TRE TEG

Rt RZXERTEHER it B, AR B, BE EE, B #, /Wl XIE

BE : LSI OFEREICHE ) BB MEOBEICMZ, 4 7u7uky 3o XEY
7o EOHEREEE T, WIEE o L, N EPERIEEE DM ERINT0 S, I
S OHBDMRRATEE LT, BIFRETIE, BIEEZEML 727 2 —PF v 7% HEKAE
L CHfES ¥ % ZRCERLBM 2 BAF L T\ 3. ZR0nERLRMI T, BEE L =&
ZEIUNCEHET 572012, vV avEREEE L TF v 70X & Eli% K55 O A AL
MO Ao CTHIE L 72 5. AL, BHEMBREREO Y 2 — P RETF v TITER L
7oA ABLARIC & 2 MIEE ORI ZAL LR O R B 2 5§ 2 C L 2 HIW E L 7
TEG TdH 5. #ffE L 7 LSTIZ 2~4 oo ik 2 & 9 1oL Tw 5.

ERETHAR : 3 ABDIE, 4 AAEW EREHY—IJL : Cadence %k Virtuoso, Synopsys £k
Star-HSPICE, Cadence #: Dracula LVS, Cadence % Dracula LPE, Cadence %k Dra-
cula DRC, Cadence #: Diva, Cadence #: Analog Artist S>> Y X% :100LLE, 1,000 K% =|HIES> : v—2 CMOS
0.35um4.9mm A Fv FiER : TEG (RpEREARIEE & &)




Rif - BHECR 2RI 588FBFV 7
LEERFEHNEREZARE WR EE, AP 8BS
LEEBREF/FIAR « YATLHAREYY—  Abedin Md. Anwarul,
Mattausch Hans. Juergen,
INHEE
BE Sy — R BT 3R Lo, dEX ) IR — 2 Rl & PiRSs
WF—s 2B amEAML, Z08BLEIT) JEBSHEDOFHTHS. 22
T, FHSHET— Y BHBRBRTEZ 7L T A0 2 M0 L 784 X £ Y 2l - J46T
200, ICFy 72RMMELE., BETZTALVITVRLBSWMT—FICT7 744 T4
(RANK) 3% &8 7%\, $2% RANK 285, X% % RIS & s
Wicnds, 28TV ICEHB LT BANINE L, ZOSHT 5D
RANK % B, #2¥ 2479, T BATI NS &, MR ERD & LA
RANK Z#H 4T, LKW RANKOZ T —9 2HllrT 5. #E2TI) I LICk>T, ANT—FOHMIIGEL s lT— %
T 22 LM TE S,
SRETHAM - 2 AHBIE, 3 AHKNE 2|/EHY—IJL @ Cadence # Verilog-XL, Synopsys #: DesignCompiler, Synopsys #t: Astro,
Cadence fl: Virtuoso, Synopsystk Cosmos, Cadence #l: Dracula LVS, Cadence f: Dracula DRC, Cadence £k Diva, Men-
tor#k Calibre ~Z>IZXF# : 10,0002, 100,000 A% HEZ> : v—24 CMOSO0.35um 4. 9mm i Fv FHRI - X €Y

24chWS ASIC

REARFIZFRMARR ER R A EH, St

BEEE : A% I3 PET (Positron Emission Tomography) 7z & O U tigs o
R &I O AERRROMAEEZE I k> T0a. EROLE7Fr %2 T L LG
FUCH ol PHAEBETIET IR Y « T4 PPV EREE L lchip THEIBEEZ Y > 7Y v 7
T2V > 7Y v SRS ASIC  (WS-ASIC) DBi¥%fT-> T & 7. fERDHE
BCRmiRE %L EDflR2 S 16ch 3 MAX TH o728, KF v 737V 7 v THE <L F
TVLIH I A4 71T BT ET2UhHZEMLIZASICTH S, Ich i/, A X7 7~
7', VGA, 100MHz/6bits DE# ADC #&ATW5. 77U 7 ¥ 7d decay time 17K & b
EHTLIETF Y RINDRFEZRITIZLEZEZEZ TS, TAMIBWTRE Y 7Y 7D~=
WF TV IHIC kB ) A AOFHT & WS OYERE % 51l § 5.

RETHAR 1 0.5 A BLE, 1 AAKN B&EHY—JL : Cadence #: Verilog-XL, Sy-
nopsys £k DesignCompiler, Synopsys %k Apollo, Cadence %k Virtuoso, Synopsys %l Star-HSPICE, Mentor £l Calibre k3
YIZRYE 1,000 2, 10,000 &d5 BEEZ Y rvw—24 CMOSO0.35um 4. 9mm g Fv 7Rl 7+ 7 VRS
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24chWS ASIC ?
REARFIZFRMARER ER R A EH, St ?’F
BIEE : Apf%2 12 PET (Positron Emission Tomography) o 7z & O iU tigs o iR
REE LA O EHEMPBEOMFEZE 2> Tw 5. k0% E7ra 723 LidfE &

BT H > DB REETIEPWM X EH 52 ETary L —2 20TV ANA
b RSOV ARICATR Y 2 2 L TIREEE S, Ka X P 2EBARE % ToT (Time Over
Threshold) %75 BB OMFEZIT>TE L. KF v 7 TIE I D ToT DUV R
BIZTAPIAVNICF v 2L T FLAZMMLASVA LA v 2FHEAEIELILET
Wired-OR Bt Z AlfEIc LT 5. AF vy 7k A 7 b A F23H FE D EL W EE2D
P Y A T DRSS ZIFFE G R ES LI L 2D I 25D TH S, Ichic 7Y
7 v 7, Shaper, T4 A2V I %—%, BLXUSIVA LA VREHDT 4 P VEIKEE
ATW5S,

SRETHEAR 1 0.5 AHBLE, 1 AHARNE %5 —JL @ Cadence 4k Verilog-XL, Synopsys #: DesignCompiler, Synopsys %k
Apollo, Cadence #: Virtuoso, Synopsys#t Star-HSPICE, Mentor #: Calibre ~Z>JZ&Z#0: 1,000 4L, 10,000 A HIE
Y :8u—24 CMOSO0.35pum2.4mm ff  Fv 7R 77 7R




N
o

DR EIN e W IR

I Fy TakiRig & iR/ 1 X5l TEG

KRREZEXRZREBREEMERN B EE

BEE | ASETIRBIBEARDNI WA v F v TIRRRIS 2 BB L 7. WERSAM 2 5
Wiz T X, BRMICEMICY vy~ bavyry v 22 MAL, BkRHE o RSkt
ZART ¥ 5. AABIEMEE O BT E MEIIN R 2 NRITHE CRHE S 2 720, Ry —v Y= %
L= Ay uRa—=7%2H0TC, AV I aNTR—EV I TTATA 7T 7 LB WET
3.0, AvFy TEBIE A XERO -0, Thy 7V IER, 56 IR Y TRER
PEAE AU 728 2 A4 AFEENEE 2 L 7. WEERO BRSO MEST 7274 77
0—7% M-8R A AWEEEM L, KRS N5 /2 A X0 RS 2 FHiis 5. Bl
15, WTFNOF R FEEKIZO VT S EEHIi O HEfi 2D T W 5.

SZX@ : [1] M. Hashimoto, J. Siriporn, A. Tsuchiya, H. Zhu, and C.-K.
Cheng, "~ Analytical Eye-Diagram Model for On-Chip Distortionless Transmission

Lines and Its Application to Design Space Exploration,”” Proc. CICC, pp. 869--872, 2007.
SREHEAR - 1 AAMLE, 2 AARN &EHY—JL @ Synopsys #f: Astro, Cadence #t Virtuoso, Synopsys#f: Star-HSPICE kS
JZHE 10,000 L0 E, 100,000 Ad HEZ> :vw—2 CMOSO0.35um 4. 9mm f F v 78R : TEG (RelEREAm N % 7 &)



TR 18EEESEO—L CMOS 0.35umtfE
(RO35068)

SRTEBILDI-HDE R THIE LSI DEHE1

RIEXFRZRIZAER WM EX, B85 ESL, HP & W KIE

BEE | 20 S LT ISR, BEERARIE DS S 0T w0 2 W B B P A I
FEWREDEIK THRIFICE 2 BE BN L CTw 5. 354E, J0 L - Sia o Bhe 2 R
L, BET 2RI BRI E 5 2 5 2 L2k > TEEZFE I3 N LR
FoFUh TR iITbN T 5. Feald LSI % 3 XouiiciiE 3 2 ER{b B 2 A
ATHBELSI Z 2R L CTw 5. AfETid, ALfEEY 2 — 1o 7a by 4 7L LCHE
BALHES v 7Didr 2T ko7, &EtL7cF vy 71, 10X100E 72 L7 LA I A,
B Lz B & LB RIS 55 H OB 0 A R BCHUB A 2 38 7 B Ic s > T 5.
Y72t A X3, 155um X 143um, 7 4 F ¥4 & — FOR Y 4 Xi% 10pum X 10um &
%oTED, SOV LATIMIBITS 74 F¥ A4 —FORORIZ0.5%TH 5. %
SFLALSIO L B Y 26 Ol OV 2D, [H#EIE 0-3ms, #RIEE 0-100pA O] ¢HZ
MHRETH D, MEDHNEZG SN2 F AL 7.

ERETHART : SAHLLE, 4 AFENG F|EPY—JL @ Cadence #: Verilog-XL, Synopsys #: VCS, Synopsys #: DesignCompiler,
Synopsys fl: Apollo, Synopsys #l: Astro, Cadence #: Virtuoso, Synopsys #k: Star-HSPICE, Synopsys £ PowerMill, Ca-
dence #k: Dracula LVS, Cadence #: Dracula LPE, Cadence #l: Dracula DRC, Cadence %l: Diva, Cadence #: Analog Artist
FSYIZZE 1,000 2Lk, 10,000 4050 BMEF> 1 v—2a CMOSO0.35um 2.4mm £ Fv 7Rl 1 7+ 7 2 EH

ERTHEBEDT-HDEER A THEE LS| DE2

RIEXRFRZRIZMER AWM EX, B85 ESL, HP &, Wl XIE

BEE | 2 S b OERT ICHE -, EESERNRREE OSHES S 40T 2 N B B ZS 1 oA I
FENERED R R C RIS R 2 BF B L T 5. JE4E, 0 L 7= Sl ia o B 2 4%
L, BET 2 RBHAICESRIME 52 5 2 LIk > THEZHAE I 5 A LWL
FotERPTH NI ATbNTw 5. 412 LSI %2 3 RT3 2 £RHLEN 2 Fl w7z
ALHBELSI ZRE L T 5. ARMECIR, ALMBEEY 2 — Lo 7u by 4 78 LTHE
RIANLHE T v 7Okt 2 7o 7. BEtL72F v 7%, 10X100E 7 L7 LA I Z,
R bz B & LB HIEE 55 O H 0IA BB A 2 3 72 B 22 > T 5.
Y7 et A XiE, 155um X 143um, 7 # b &4 4 — FOR Y A X3 10um X 10pum &
%oTRY, TOEZELLATY MCBITIZ2 74 M7 44— FOBOEIZ0.5%TH 5. &%
FFLZZLSID 1 EZ 26 DOV A DI, [HiEi: 0-3ms, #kiFid 0-100uA DT HZE
MHEETH Y, IFHOMNEZ RO NS E2 MR L 7-.

ERSTHAR : 3 AHDLE, 4 AHRM 5RE0Y—JL @ Cadence #: Verilog-XL, Synopsys#t VCS, Synopsys #t: DesignCompiler,
Synopsys #: Apollo, Synopsys ft Astro, Cadence %k Virtuoso, Synopsys fl: Star-HSPICE, Synopsys £t PowerMill, Ca-
dence #l: Dracula LVS, Cadence #: Dracula LPE, Cadence fl: Dracula DRC, Cadence %l Diva, Cadence #l: Analog Artist
FSYYZ&ZE 1,000k, 10,000405 BMEFY 1 v—2a CMOSO0.35um 2.4mm £y F v 78R @ 7+ 7 P E#H
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BE . EEIcn L il BT 2 Ehabe TEERE2ITH)I 77747 /4 Xavtnm
=L (ANC) @G¥TicHEMALENTEY, FICEAEOREEORECHSTHL LEbh
Twa. BE, ¥ 7 PNOEEE D X 95 % —ZXouBE I 2 1R BEE R E T LT T
CINGEBUHEPHOSNTED, TV NVEBUMOEENIEE 2> Tw b, RKkfE
F v 7 TREFUEEET7 IR/ Tf7) 2 & CTEEss ANCULEEZ HIFL T\w 5. Rk
BRI 74 F Ly P oN— FERE, BomoflAatbeTthdh, 2o i3 TEBKE
T2 ETHEZALIETVS, £, KFUEF v 7TET7 A4 FL Y OF LN — | R/l
ERESIFMEANICD LA 7Y FINTED, ZNZENOBEMEITZ 5. BE, 216D
THEH, EOMOBEOHERICRI L, ANCUHEAROEEDHRZIT> TV IBRETH
5.

SRETHEAR - 1 AHDLE, 2 AHAM $jEPY—JL 1 Cadence #t Virtuoso, Cadence ff: Dracula DRC, Cadencef:Diva kSv ¥
A 10004 E, 1,0004%% HIEZ> : v—24 CMOSO0.35um 2.4mm A Fv 78Rl - 757w (PLL, A-D/DC-DC a v X—
L)
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EBRESBAFETRE WK EE w —
BE : HEARAL VY HOM NSRS 2 3G L 72, Fg, 3ilindEr vy o £ =
k5 BT b B EBO AR v BERML S 1T B R v Y O F RN — D Dl [
TTELX91, 32DAA v F bXF vy HAOREBHERZ 67 vy 7 CHENT 2
MR & L7z, £/, A4 3= AFIRIAIEE & A 50 5 0 JE SR iR & ff¢ TR L
T, ST EROMEIEERKY, S S ICHRSRSE oMM %% L OEEE I ORI E B
L7z, A4 v F b ¥ v 30 ZRERICIIHEEEESG O A 72 v P OFEZRETE % Auto-
Zero HFRDOBER —BIELMNAIEEZ iz, ZONRKBE7 25777y B4 =4 =0
REMEBHE L IEE X 34 EONT DS HFEI N S,

ERETHAM 1 0.1 AHLLE, 0.5 AHRNE 2|/EHY—JL @ Cadence#t: Virtuoso, Synopsys #t:
Star-HSPICE, Cadence #:: Dracula LVS, Cadence #I: Analog Artist, Mentor %I Cali-
bre MSYYZRZE 10000 E, 1,00040 HES> : v—2 CMOSO0.35um 2.4mm f§  Fv FFER : HENEE GREMS, RER
7E)
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BEESBAYETIZE 55 E 0K ES + =
BEE 1 0.35 = 7 0> CMOSHiliz FIVTr A v, FBERHED 1 5\ oh o B D

WEBRLUCKE L, Fe, MEEDGEEMIC N 7 v AL Y E—F Y AEE, Ny 77
Bl E2HF L. F IV AL Y E=F ZAMEBICHE L X5 EPTIE Hi-PolyR #H10
ZMMA L7, 3515, CMOSEMTHEEIND 74 b P IV P RY DINEREE, JBER:
Pz 5T 272012, BBDLATI D75 b7 RAYRHFI LI, ¥/, 74 ¢
TAA—F L7V AL v E—F A0, LEDRBNEKL E2ERLL-ETICBL
THREEBI%no7%. LEDAWET 2 0IchEAH+ mA M EOBEREZRT 2012,
F—=PIRDNS VW TP AY ELEAITNCINRS 2 LT — MO ZFE, £/-7
LEIEREP 2V Y 7 PRV TOBRITAEEZEA 20X ) ICEE L 7.

EGSHEAR - 0.5 AHLLE, 1 AR 5&EHY—JL @ Cadence £ Virtuoso, Synopsys %
Star-HSPICE, Cadence #l: Dracula LVS, Cadence % Analog Artist, Mentor#: Calibre ~Z > I X%#: 1080 E, 100 &
AEF>Y 1 -4 CMOSO0.35um 2. 4mm . F v TRl : A A= VP /A —F VY

MOSFET OEArFIEDEFEEERA TEG

ERIEEEFEMERESRIER EHH FEKER, REE 3A

BEE : MOSFET ofRth #9232 2 L &, F ¥ 2VE, F ¥ 2VIR, WAL 7 A, HE
R EDRRNT R T A =21 T 2R DL 2 ER T 270D TEG 2 L7 F v 7
ThH 5. PEEKET AL R, EREABEBEEHOBME L THW L Z ERELZHNTH L. Fv
ZHICIENMOS, PMOS 3% b, 22T ¥ 2VE, F v 2 VIR%E SKHEICIR D 31, %
WEN % TEG Z & ICHINTTRE 2 ik MOSFET % %5t - BB L7z, 7’e—"ZH T
MEHFZITIBRCS, 70 —EV 7 L2T L, #ILETS T A0 AW X HICPADRLE%
TRLTVS. WEDOKE, & TEG &b, BE L LR L FEAR I X =2 1T d %5 &
DIRIFEEDE S N, FR NI FEEOBR T AR OLER T NA R - ERENEEHEFT O A Y
¥ 27 LNTHEBICHERL, AT NS ROMBEZHED 2 7-DIREHRIEL 2. 55D
FEOBMTHAL, —EDBBENRIRELZET o N 2 LRI NS.

SRSTHARD - 1 AHBLE, 2 AHARM 5j5HY—JL 1 Cadence #k: Virtuoso, Synopsys £k Star-HSPICE, Cadence #: Dracula LVS,
Cadence #k Dracula LPE, Cadence #: Dracula DRC +c3 > Y& 1000 E, 100K HMEF> 1 v—2 CMOS 0.35pm
2.4mm . Fv 7R TEG (FpMEREHmmiE 4 &)




16ch WS-Front-End

RERFIZFRMARR ER R A A, SE it

BE : AWI%24 T3 PET (Positron Emission Tomography) o 7z O st o
FrE A& OSBRI O EZ B I ko Twa. kDL B 7Fu /2T L LiE  F
BITH > L BWFRETRT Y - 74 ¥ F L ZRBL Ichip TRz 70 v 7 8 T
T UG > 7Y v I RGBT ASIC (WS-ASIC) OBi%%fi>TE k. £F v 7 :
X lchic 7V 7> 7, VGA, &#o 100MHz/6bits  ADC % & A T\ 5703, EER % IR
%78, 200MHz/3bits DA 7 vy ZIC X DBEE Y F EHHRE Yy b E2RAIGTEART
2IVF 7L 7B EREGEHL T AAA 16ch 2FEB L T 3. Do F v 7Tk GND 23+4r
TRPSDDOVH Y ZOWMyE2LE LT vy 7 ThHs. SHBTFus - 74 P FIVREEIC
kavR—3v o ruA b= O ZIT) PETH S.

SREHHART 1 AABLE, 2 AAKNEE &PV —JL : Cadence #t: Verilog-XL, Synopsys
DesignCompiler, Synopsys fl: Apollo, Cadence f: Virtuoso, Synopsys fk: Star-HSPICE, Mentor #: Calibre ~ZY I X%
#:1,000 4 F, 10,000 A% HEZ> 1 v—24 CMOSO0.35pm4.9mm g Fv &Rl : 7ra /7Y VESUH e v 5
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16ch WS-Front-End

REARFIZFRMARR ER R A EH, St

BEEE : A% I3 PET (Positron Emission Tomography) 7z & O U tigs o
R &I O AERRROMAEEZE I k> T0a. EROLE7Fr %2 T L LG
FUCH ol PHAEBETIET IR Y « T4 PPV EREE L lchip THEIBEEZ Y > 7Y v 7
T2 > 7Y v SRS ASIC  (WS-ASIC) Dbi%%#fioT& k. KFv 7
Zlchic 7V 7> 7, VGA, &#o 100MHz/6bits d ADC % & A T\ 5703, EER % IR
% 7:%, 200MHz/3bits DA 7 vy 71X D EEE Y F EHRE Yy b E2RAICTEART
RNVF TV 7 REGHL THARA 16ch Z#FEH L T 5. DEToF v 77C¢id GND 23+2
TRPS1DDOVH N 2D EWRE LT v 7 TH L. SHBTFIR T - 74 Y ILiRHEIC
kavFR—32v o7 uA b= DI ZIT) PETH S.

ERETHAR - 1 AHDLE, 2 AHRM  5REFY—JL @ Cadence #: Verilog-XL, Synopsys
DesignCompiler, Synopsys fl: Apollo, Cadence fl: Virtuoso, Synopsys fk: Star-HSPICE, Mentor #: Calibre ~ZYIRX%
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16ch WS-Front-End 7
RRAZIZRMAEE BHRER G aH sz ?’F
BIEE : Apf%2 12 PET (Positron Emission Tomography) o 7z & O iU tigs o iR
FERL&IAT OEMERRBOEZ B ko Twa. kDL E7Fur2E L LEE &

FUCH oI PHRBETIET IR Y « T4 PPNV EREEH L lchip THEIBEEZ Y 7Y v 7

T2V > 7Y v SRS ASIC  (WS-ASIC) Dbl %#fioT& k. KFv 7

X lchic 7V 7> 7, VGA, &#o 100MHz/6bits  ADC % & A T\ 5703, EERZ IR

%78, 200MHz/3bits DA 7 vy ZIC X DEEE y F EHHRE Yy b E2RAIGTEATT

2IVF 7L 7B ERFEGE LT AAA 16ch 2FEBL T 3. Do F v 7Tk GND 25+

TRPS1DDOVH N 2D E2WE LT v 7 TH D, SHBTFIR s - 74 Y ILiRHEUC

kavR—32v D7 uA b= EOFHIIiZIT) PETH S.

SREHHEART 1 AABLE, 2 AAKNEE #&EHY—JL : Cadence #t: Verilog-XL, Synopsys ft:

DesignCompiler, Synopsys fl: Apollo, Cadence fl: Virtuoso, Synopsys fk: Star-HSPICE, Mentor #: Calibre ~ZYIJR%
#:1,000 4 F, 10,000 A% HEZ> 1 v—24 CMOSO0.35pum4.9mm A Fy &Rl : 7ra// 7Y 2 VESUH 7o v
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16ch WS-Front-End

RRAZIZRARE ER R, A, aE s

BEE : AWT922 T3 PET (Positron Emission Tomography) o 7z O ai i o

R &I O AERRROMAEEZ B I k> T0a. fEROLE7Fr %2 T L LE

FUCTH ol BPHREBETIET IR Y « T4 PPV EREHE L lchip THEBEEZ Y 7Y v 7

T2V > 7V v SRS ASIC  (WS-ASIC) Dbi%%#fioT& k. KFv 7

X lchic 7V 7> 7, VGA, &#o 100MHz/6bits  ADC % & A T\ 5703, EER % IR

%78, 200MHz/3bits DA 7 vy ZIC X DBEE Y F EHHRE Yy b E2RAIGTEART

2IVF 7L 7B EREGEHL T AAA 16ch 2FEB L T 3. Do F v 7Tk GND 23+4r

TRPS1DDOVH N 2D E2WRE LT v 7 TH D, SHBTFIR T - 74 P ILiRHEIC

kavR—3v o ruA b= O ZIT) PETH S.

SREHHART 1 AABLE, 2 AAKNEE &PV —JL : Cadence #t: Verilog-XL, Synopsys

DesignCompiler, Synopsys fl: Apollo, Cadence f: Virtuoso, Synopsys fk: Star-HSPICE, Mentor #: Calibre ~ZY I X%
#:1,000 4 F, 10,000 A% HEZ> 1 v—24 CMOSO0.35pm4.9mm g Fv &Rl : 7ra /7Y VESUH e v 5

20 channel Preamplifier-Shaper ASIC

RRARZEIZMRFHERER AR, =58
HRAZIPHNAAIVIZFUVIER BERER

BEEE - Our laboratory has focused on the development of front-end ASIC for nuclear detection and imaging, especially position emission to-
mography. The purpose of utilizing CMOS ASIC technology is to bring in high performance, compact front-end electronics for nuclear detec-
tion system to improve performance such as imaging resolution, timing resolution and spatial resolution. This chip consists of preamplifier and
shaper. The charge sensitive preamplifier is used to convert charge signal from detector to voltage signal. Rise time, response speed and noise
performance are especially important for preamplifier since it is close to the signal source. The charge sensitive preamplifier has used tele-
scopic cascode structure to achieve best performance. This chip has used 2.4 mm by 2.4 mm die area which includes 16 channel preamplifiers
as well as internal biag circuits. The width over length size of input transistor is 2000 um/0.4um NMOS which corresponds to a total gat and ca-
pacitance of about IpF for Rohm 0.35um CMOS process. Therefore the chip is optimized for applications where the total preamplifier input ca-

pacitance is around 10 pF. According to our test, the voltage to charge gain is about 0.9 mV/pF, and the linearity is <0. 5% over 0.5 pC to 1.5

pC input charge. The optimum rise time is about 15ns. The optimum Equivalent Noise to Charge (ENC) is about 880 e- FWHM at the shaping time constant of 0.5 us. The noise slope is about 75 e-/pF at
.5 ug shaping time. The power consumption of this 16 channel preamplifier ASIC chip is about 70 mW with 3.3 power supply. The shaper is bridge-T type shaper with a pole-zero cancellation design, The
gain of preamplifier-shaper is 2.5 mV/fC and the non-linearity is less than 1%,

ERETHEAR 1 AHDLE, 2 AHARG |EPY—JL @ Cadence #t Verilog-XL, Cadence #t: Virtuoso, Synopsys #: Star-HSPICE,
Mentor tk: Calibre cZ>I X% 1000, 1004k BEFY - v—24 CMOSO0.35um 2. dmmf Fv &Rl : 7w s /572
PRUZCREY i A= R

16 channel Preamplifier ASIC ——
RRAFISRRTNAERER 7 A6, 5652 L
HRAZIPHNAAIVIZFUVIER BERER '
BEEE - Our laboratory has focused on the development of front-end ASIC for nuclear detection and imaging, especially position emission to-
mography. The purpose of utilizing CMOS ASIC technology is to bring in high performance, compact front-end electronics for nuclear detec-
tion system to improve performance such as imaging resolution, timing resolution and spatial resolution. This chip is the massive fabrication of
our 16 channel Preamplifier ASIC. The charge sensitive preamplifier is used to convert charge signal from detector to voltage signal. Rise time,
response speed and noise performance are especially important for preamplifier since it is close to the signal source. The charge sensitive pre-
amplifier has used telescopic cascode structure to achieve best performance. This chip has used 2.4 mm by 2.4 mm die area which includes 16
channel preamplifiers as well as internal bias circuits. The width over length size of input transistor is 2000 um/0.4um NMOS which corre-

sponds to a total gat and capacitance of about IpF for Rohm 0.35um CMOS process. Therefore the chip is optimized for applications where
the total preamplifier input capacitance is around 10 pF. According to our test, the voltage to charge gain is about 0.9 mV/pF, and the linear-
ity is <0.5% over 0.5 pC to 1.5 pC input charge. The optimum rise time is about 15ns. The optimum Equivalent Noise to Charge (ENC) is about 830 e- FWHM at the shaping time constant of 0.5 us. The
noise slope is about 7 e-/pF at (.5 us shaping time. Finally the power consumption of this 16 channel preamplifier ASIC chip s about 70 mW with 3.3 power supply.

ERETEAR - 0.1 AA AR 2&EHY—JU @ Cadence #k: Verilog-XL, Cadence #k Virtuoso, Synopsys #: Star-HSPICE, Mentor #k:
Calibre F*SYIZRFZHE:104W HEF> i v—24 CMOS0.36um 2. 4mm s Fv 7#@Rl : w4 7u /vty ¥



16ch WSFE ASIC

RERFIZFRMARR ER R A A, SE it

BE : AWI%24 T3 PET (Positron Emission Tomography) o 7z O st o

R &I O AERRROMAEEZ B I k> T0a. fEROLE7Fr %2 T L LE

BT H > - DHABETIEIPWM AXEZH S 2L Tavy AL =22 HOT UL ANA

b ECOVAIRICERT 2 2 L CRIHEET, K2 A F23EBWEEAL ToT (Time Over

Threshold) %MW 7B UMK O EZIT>TEL. KF v 7 TIEZ D ToT DL A
BIZTAYINNIZTF v 2V T FLAZAMLZSVA LA v EFEESIRSZ LT

Wired-OR ¥t # WHEIC L TV 5. AF v TWE AT LA F23HE O EL W ESDHD

PiTe ¥ A T OB I IEE AR R EFNILE %D 9 25D TH S, Ichic 7Y

7 v 7, Shaper, 74 A7V I %x—%, BXUSNVA LA VFBEADT 4 P& VA E &

ATVS. $72TRTDF ¥ )L % wired-OR THEfi L T8 ) OUTPUT Z Ipin TH 3.

ERETHAR - 1 AHLLE, 2 AHKE  |/EHY—JL : Cadence #: Verilog-XL, Synopsys #t: DesignCompiler, Synopsys # Apollo,
Cadence #t: Virtuoso, Synopsys 4k Star-HSPICE, Mentor 4k Calibre ~Z>YZX7#: 1,000 Bk, 10,000 £iifi HEZ> : o
— 2 CMOS0.35um 2. 4mm . Fv 7Rl : 7+ u /7Yy NVESUHE 7o v 3

16 channel Preamplifier ASIC

RRARZEIZMRFHERER AR, =58

HRAZIPHNAAIVIZFUVIER BERER

BEEE - Our laboratory has focused on the development of front-end ASIC for nuclear detection and imaging, especially position emission to-

mography. The purpose of utilizing CMOS ASIC technology is to bring in high performance, compact front-end electronics for nuclear detec-

tion system to improve performance such as imaging resolution, timing resolution and spatial resolution. This chip is the massive fabrication of

our 16 channel Preamplifier ASIC. The charge sensitive preamplifier is used to convert charge signal from detector to voltage signal. Rise time,

response speed and noise performance are especially important for preamplifier since it is close to the signal source. The charge sensitive pre-

amplifier has used telescopic cascode structure to achieve best performance. This chip has used 2.4 mm by 2.4 mm die area which includes 16

channel preamplifiers as well as internal bias circuits. The width over length size of input transistor is 2000 um/0.4um NMOS which corre-

sponds to a total gat and capacitance of about IpF for Rohm 0.35um CMOS process. Therefore the chip is optimized for applications where

the total preamplifier input capacitance is around 10 pF. According to our test, the voltage to charge gain is about 0.9 mV/pF, and the linear-

ity is <0.5% over 0.5 pC to 1.5 pC input charge. The optimum rise time is about 15ns. The optimum Equivalent Noise to Charge (ENC) is about 880 e- FWHM at the shaping time constant of 0.5 us. The
noise slope is about 7 e-/pF at (.5 us shaping time. Finally the power consumption of this 16 channel preamplifier ASIC chip s about 70 mW with 3.3 power supply.

ERETEART 1 AALLE, 2 AARM REHY—JL : Cadence #: Verilog-XL, Cadence %k Virtuoso, Synopsys #: Star-HSPICE,
Mentor #: Calibre ~SYIZX&% 10084 E, 1,000k HEZ> : v—24 CMOSO0.35pum 2. 4mmfy  Fv 7@l 7Fna )/
TYIIMEFUH T 0k y 3

16 channel Preamplifier ASIC

RRRFIZFHMRFHERER A A 56 &<

HRAZIPHNAAIVIZFUVIER BERER

BEEE - Our laboratory has focused on the development of front-end ASIC for nuclear detection and imaging, especially position emission to-

mography. The purpose of utilizing CMOS ASIC technology is to bring in high performance, compact front-end electronics for nuclear detec-

tion system to improve performance such as imaging resolution, timing resolution and spatial resolution. This chip is the massive fabrication of

our 16 channel Preamplifier ASIC. The charge sensitive preamplifier is used to convert charge signal from detector to voltage signal. Rise time,

response speed and noise performance are especially important for preamplifier since it is close to the signal source. The charge sensitive pre-

amplifier has used telescopic cascode structure to achieve best performance. This chip has used 2.4 mm by 2.4 mm die area which includes 16

channel preamplifiers as well as internal bias circuits. The width over length size of input transistor is 2000 um/0.4um NMOS which corre-

sponds to a total gat and capacitance of about IpF for Rohm 0.35um CMOS process. Therefore the chip is optimized for applications where

the total preamplifier input capacitance is around 10 pF. According to our test, the voltage to charge gain is about 0.9 mV/pF, and the linear-

ity is <0.5% over 0.5 pC to 1.5 pC input charge. The optimum rise time is about 15ns. The optimum Equivalent Noise to Charge (ENC) is about 830 e- FWHM at the shaping time constant of 0.5 us. The
noise slope is about 7 e-/pF at (.5 us shaping time. Finally the power consumption of this 16 channel preamplifier ASIC chip s about 70 mW with 3.3 power supply.

ERETEART 1 AALLE, 2 AARM REHY—JL : Cadence #: Verilog-XL, Cadence #k: Virtuoso, Synopsys #: Star-HSPICE,
Mentor #: Calibre ~Z>IR&% 100k, 1,000 K #HEZY : v—24 CMOSO0.35um 2.4mm fy  Fv 7&Hl : 7+u s/
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16 channel Preamplifier ASIC
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BEEE - Our laboratory has focused on the development of front-end ASIC for nuclear detection and imaging, especially position emission to-

mography. The purpose of utilizing CMOS ASIC technology is to bring in high performance, compact front-end electronics for nuclear detec-

tion system to improve performance such as imaging resolution, timing resolution and spatial resolution. This chip is the massive fabrication of

our 16 channel Preamplifier ASIC. The charge sensitive preamplifier is used to convert charge signal from detector to voltage signal. Rise time,

response speed and noise performance are especially important for preamplifier since it is close to the signal source. The charge sensitive pre-

amplifier has used telescopic cascode structure to achieve best performance. This chip has used 2.4 mm by 2.4 mm die area which includes 16

channel preamplifiers as well as internal bias circuits. The width over length size of input transistor is 2000 um/0.4um NMOS which corre-

sponds to a total gat and capacitance of about IpF for Rohm 0.35um CMOS process. Therefore the chip is optimized for applications where

the total preamplifier input capacitance is around 10 pF. According to our test, the voltage to charge gain is about 0.9 mV/pF, and the linear-

ity is <0.5% over 0.5 pC to 1.5 pC input charge. The optimum rise time is about 15ns. The optimum Equivalent Noise to Charge (ENC) is about 880 e- FWHM at the shaping time constant of 0.5 us. The
noise slope is about 7 e-/pF at (.5 us shaping time. Finally the power consumption of this 16 channel preamplifier ASIC chip s about 70 mW with 3.3 power supply.

ERETEART 1 AADLE, 2 AARM REHY—JL : Cadence #: Verilog-XL, Cadence #k: Virtuoso, Synopsys #: Star-HSPICE,
Mentor #t: Calibre ~SYIZX&¥ 10080 L, 1,000k #EZ> 1 v—24 CMOSO0.35pum 2.4mm g Fv 7@l 7w/
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BEEE - Our laboratory has focused on the development of front-end ASIC for nuclear detection and imaging, especially position emission to-

mography. The purpose of utilizing CMOS ASIC technology is to bring in high performance, compact front-end electronics for nuclear detec-

tion system to improve performance such as imaging resolution, timing resolution and spatial resolution. This chip is the massive fabrication of

our 16 channel Preamplifier ASIC. The charge sensitive preamplifier is used to convert charge signal from detector to voltage signal. Rise time,

response speed and noise performance are especially important for preamplifier since it is close to the signal source. The charge sensitive pre-

amplifier has used telescopic cascode structure to achieve best performance. This chip has used 2.4 mm by 2.4 mm die area which includes 16

channel preamplifiers as well as internal bias circuits. The width over length size of input transistor is 2000 um/0.4um NMOS which corre-

sponds to a total gat and capacitance of about IpF for Rohm 0.35um CMOS process. Therefore the chip is optimized for applications where

the total preamplifier input capacitance is around 10 pF. According to our test, the voltage to charge gain is about 0.9 mV/pF, and the linear-

ity is <0.5% over 0.5 pC to 1.5 pC input charge. The optimum rise time is about 15ns. The optimum Equivalent Noise to Charge (ENC) is about 880 e- FWHM at the shaping time constant of 0.5 us. The
noise slope is about 7 e-/pF at (.5 us shaping time. Finally the power consumption of this 16 channel preamplifier ASIC chip s about 70 mW with 3.3 power supply.

ERETEART 1 AALLE, 2 AARM REHY—JL : Cadence #: Verilog-XL, Cadence %k Virtuoso, Synopsys #: Star-HSPICE,
Mentor #: Calibre ~SYIZX&% 10084 E, 1,000k HEZ> : v—24 CMOSO0.35pum 2. 4mmfy  Fv 7@l 7Fna )/
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BEEE - Our laboratory has focused on the development of front-end ASIC for nuclear detection and imaging, especially position emission to-

mography. The purpose of utilizing CMOS ASIC technology is to bring in high performance, compact front-end electronics for nuclear detec-

tion system to improve performance such as imaging resolution, timing resolution and spatial resolution. This chip is the massive fabrication of

our 16 channel Preamplifier ASIC. The charge sensitive preamplifier is used to convert charge signal from detector to voltage signal. Rise time,

response speed and noise performance are especially important for preamplifier since it is close to the signal source. The charge sensitive pre-

amplifier has used telescopic cascode structure to achieve best performance. This chip has used 2.4 mm by 2.4 mm die area which includes 16

channel preamplifiers as well as internal bias circuits. The width over length size of input transistor is 2000 um/0.4um NMOS which corre-

sponds to a total gat and capacitance of about IpF for Rohm 0.35um CMOS process. Therefore the chip is optimized for applications where

the total preamplifier input capacitance is around 10 pF. According to our test, the voltage to charge gain is about 0.9 mV/pF, and the linear-

ity is <0.5% over 0.5 pC to 1.5 pC input charge. The optimum rise time is about 15ns. The optimum Equivalent Noise to Charge (ENC) is about 830 e- FWHM at the shaping time constant of 0.5 us. The
noise slope is about 7 e-/pF at (.5 us shaping time. Finally the power consumption of this 16 channel preamplifier ASIC chip s about 70 mW with 3.3 power supply.

ERETEART 1 AALLE, 2 AARM REHY—JL : Cadence #: Verilog-XL, Cadence #k: Virtuoso, Synopsys #: Star-HSPICE,
Mentor #: Calibre ~Z>IR&% 100k, 1,000 K #HEZY : v—24 CMOSO0.35um 2.4mm fy  Fv 7&Hl : 7+u s/
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BEEE - Our laboratory has focused on the development of front-end ASIC for nuclear detection and imaging, especially position emission to-

mography. The purpose of utilizing CMOS ASIC technology is to bring in high performance, compact front-end electronics for nuclear detec-

tion system to improve performance such as imaging resolution, timing resolution and spatial resolution. This chip is the massive fabrication of

our 16 channel Preamplifier ASIC. The charge sensitive preamplifier is used to convert charge signal from detector to voltage signal. Rise time,

response speed and noise performance are especially important for preamplifier since it is close to the signal source. The charge sensitive pre-

amplifier has used telescopic cascode structure to achieve best performance. This chip has used 2.4 mm by 2.4 mm die area which includes 16

channel preamplifiers as well as internal bias circuits. The width over length size of input transistor is 2000 um/0.4um NMOS which corre-

sponds to a total gat and capacitance of about IpF for Rohm 0.35um CMOS process. Therefore the chip is optimized for applications where

the total preamplifier input capacitance is around 10 pF. According to our test, the voltage to charge gain is about 0.9 mV/pF, and the linear-

ity is <0.5% over 0.5 pC to 1.5 pC input charge. The optimum rise time is about 15ns. The optimum Equivalent Noise to Charge (ENC) is about 880 e- FWHM at the shaping time constant of 0.5 us. The
noise slope is about 7 e-/pF at (.5 us shaping time. Finally the power consumption of this 16 channel preamplifier ASIC chip s about 70 mW with 3.3 power supply.

ERETEART 1 AADLE, 2 AARM REHY—JL : Cadence #: Verilog-XL, Cadence #k: Virtuoso, Synopsys #: Star-HSPICE,
Mentor #t: Calibre ~SYIZX&¥ 10080 L, 1,000k #EZ> 1 v—24 CMOSO0.35pum 2.4mm g Fv 7@l 7w/
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BLE : Our laboratory has focused on the development of front-end ASIC for nu-

clear detection and imaging, especially position emission tomography. The pur-

pose of utilizing CMOS ASIC technology is to bring in high performance, compact

front-end electronics for nuclear detection system to improve performance such as

imaging resolution, timing resolution and spatial resolution. This chip is the mas-

sive fabrication of our 16 channel Preamplifier ASIC. The charge sensitive pream-

plifier is used to convert charge signal from detector to voltage signal. Rise time,

response speed and noise performance are especially important for preamplifier

since it is close to the signal source. The charge sensitive preamplifier has used tele-

scopic cascode structure to achieve best performance. This chip has used 2.4 mm by 2.4 mm die area which includes 16
channel preamplifiers as well as internal bias circuits. The width over length size of input transistor is 2000 um/0. 4um
NMOS which corresponds to a total gat and capacitance of about 3pF for Rohm 0. 35um CMOS process. Therefore the
chip is optimized for applications where the total preamplifier input capacitance is around 10 pF. According to our test,
the voltage to charge gain is about 0. 9 mV/pF, and the linearity is <0. 5% over -0.5 pC to 1.5 pC input charge. The opti-
mum rise time is about 15ns. The optimum Equivalent Noise to Charge (ENC) is about 880 e- FWHM at the shaping time
constant of 0.5 us. The noise slope is about 75 e-/pF at 0.5 us shaping time. Finally the power consumption of this 16
channel preamplifier ASIC chip is about 70 mW with 3. 3 power supply.

ERETEARE 1 AALLE, 2 AARM REHY—JL : Cadence #: Verilog-XL, Cadence #k: Virtuoso, Synopsys #: Star-HSPICE,
Mentor #l: Calibre ~S VI ZX&Z¥ 10084 E, 1,000k HEZY 1 v—24 CMOSO0.35pm 2. 4mm A Fv 7@l 7w/
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TR 1 8EEEIEO—L CMOS 0.35umitfE
(RO35069)

LSI ¥ SR EEEA TEG (1-1)

KIRKFEREIFHATE =B =M, el ER

BE @ b, KHBAL, 21k, 79y 7F v 7HEEEIC X ) WL &> 7 LST ok
BWiEATH By, R OWEBWIREIRE - RSN TVE. KF v 713, oD LSIiK
WL EZ M T2 2 L2 HME LTEREH LT vy 7D—2TH 5. =S50 %
DUEMERZFHET 2 ZE2HMNELTRY, 2ROy — 2 ) v 7RICEEL Tw25. £l
AR e 2 LT\ 328, A RREHY — Lo HEIEREHC I S 2 wiiEo %, Ca-
dence#: SKILL ZFED A 7V 7 b Z{EE L, Virtuoso L4 77 b 57« & 2 JEREGRNIC IR
fEL CREM L7, BRMWERZ B E LA wBHiEEE2 dRE LT D, LhlEiEsHEm T
E3EER S LT, LSTMEZ WS E M H TEG (1-1) , (1-2) &, PNEAYA 7
DELLHER-TVS.

SRSTHARE : 0.5 AHLLE, 1 AHEKM 5jEHW—JL : Cadence #f Virtuoso, Cadence #t
DraculaDRC bFZYIZ&#0: 10000, 1,000K0 HEZ> :v—24 CMOSO0.35um4.9mm M Fv 7HERl : TEG (Rridkiwil
A% 2 &)

LS| #EZ iR E @A TEG (1-2)

KIRAZERZAER = =N, Pl =R

BEE AL, KBIEUL, il 7Y v Iy TEBEEIC X )N L ko 7 LSI gl
BWIERAT ) B, R OWFESHEEEMRE - I Twd. KF v 713, Zhs D LSk
BEWEEEZ T2 2 L2 HWE L TR LEF vy TO—D2TH S, = b RitENS o &
DOHEMERZTHMIT 2 Z EZHNELTED, ZEHD7F— %2 ) v RICEEL Tw5. B
HIR 2R % LT 328, HHINARRET Y — L ToHBIEEHCIZE S 2 wiEdEo A, Ca-
dence #: SKILLZFED A2 V) 7 F #{EK L, Virtuoso L4 77 b L7 4 ¥ % IEREHITICHE
fEL TG L7z, BAWEERZ B L L 2 0BEEEEZ R E L TB Y, £RE /85T
LB ST, LSUKEEZWEEENHA TEG (1-1) , (1-2) %, PNE#E&IA 7
DELDMER>T 5.

EGETHAR 1 0.5 AHBLE, T AHAM |EHY—JL @ Cadence 4k Virtuoso, Cadence %k
Dracula DRC MSYYZX&Z# 10080 E, 1,000k HHESY : m—2 CMOSO0.35um4.9mm g Fv FHR : TEG (Rei:3Em
&7z &)

A1 Y F LIRS ERMBICE DEFGNEF Y T DRFE
LERFRERERMERZHER FAX BN, e gE, s@ B

BE - 1o REEHEEIC & b SR ICHGERZ AT 262 a v F v TITB W, iR
BoO/NUMLIZEERECH S, P a v F v 7, FICERERTIEY 3 v F v 7, Ol
%D F IR IR O — DDA TTHHR O % I AT 9 ELRIEHE < b 5. IRPHE%
Mz 2 BEPTER IR ) P12 MOS i EMR b OB REIN T 5. Lo,
BEAED THRIC & 2 LRI <, RAE A0 o8B 2R L 2z ko 2 L4 X
PRES L ZMENSH S, 22T, A4 v F LY RYICEH L. A4 v FFLYRSIF
MOS-Tr DA A v FlgEZP L 2 KEZFAES T2 2 &L CRoRE 2R T, Znzfiz
WEINCRIEED Rl 2 EEHcE 2 LE2 6N 5. SlE, AL v F FL YR 2K
iz & 2P b S v 72 REL 2. £, lcoliFEHoEREEHIH T2 ETIA v
7’0t ALBIZ RIS EETH 5. mFEEUZ 36 X 40, HFEY A R1F 95. 5um X 63. 5um.
SRSTHARD - 1 AHBLE, 2 AHARM 5&5HY—JL 1 Cadence #k: Virtuoso, Synopsys £l Star—-HSPICE, Cadence #: Dracula LVS,
Cadence t Dracula DRC, Mentor t Calibre k2> I Z2&#0:100,000 4 = FHEF> : v—24 CMOS0.35um 4. 9mm £
Fv 7@ERl 7T YR




ERREE & BRBISES{EERZRE U 14bitDAC DE
K ERZ IR T 2R Wi BBAER, 48 X, X &g
BE SR EO D/AEHBIZE VT, B VOBERIEE 77 v FRICO K FAEYI0E
WIROALEIC X - TEA 2%, BRSBTS SO EL2FHKEIETLE). 22T
COBRMDOIEFIE 22T LM T 20, FERFD S I7V FI4 v b—F AV
DERMMAICT 2HICK DRERZEIRNT 2 FE2RET 2. FAEE D/ALHETIE, &
JHHAEE 2 AT 2561 SFDREESKRE L HILLTL 9. 2, BT IcEH»n
Z2ERENVOBERIFEE AL v FORDBANT 4 PINa—FILkoTEDLS I L THER
E2ZML, Z0REImTORERSHIESRKEEEZR>»6THs. 22T,
MOS F 7 v PRAY EART YT TNy 77 FAAa— FHEEEMR L, Btk od ik
FOBEEZRKEEICT 25T, MEEREZ/NSC LTEAZENT 2 FIEE2RETS. Z
NS 2ODFEDHEMEERMERT 25ICF v 7ORMEEITo 7. HIEREIZ 14bit FEICE
<, DNL==£0. 7LSB, INL=+1.5 to -1.0LSB, SFDR & 50MHz Ej{E® 2. 5MHz 11 & T 80dB Z#ffEf8 L 7z, ¥ T 2L —v a v
LCiE 200MHz Bi{EDHER AT & 7223, JETIE 100MHz BifE £ T L 0 ERSTE o7
SRETHAR : 2 AHLULE, 3 AHKM 85V —JL @ Cadence #f: Virtuoso, Cadence ft: Dracula LVS, Cadence #: Dracula DRC,
Cadence tk Diva b3S IZ2%#0: 1,000 DL L, 10,000 & HEZ> 1 m—2 CMOSO0.35pum 4. 9mm & Fv &Rl : 75w/
(PLL, A-D/DC-DCa v "—%iz k)

64x 64 EIRAFEBELANRBEY 3 VyFY T

KRR ERBIERTAKERAZYERIR R EHA IR &l =—8B, /T ER, KB =
BE &4, ZAEFETFLELC, BENROMBEEZHELHT R &, SEGEE%21T
DD TF =425, ODZODKEEEZ L O A=Y vy EHOKH L wENHEER
LAN Y AT L EREL T3, HET Y 2ARICRETE 2MEEMAEL, ¥y Y v
ZICW RS FEAE &2 W L 72 64 X 64 MZLMH LAN A4 X —Y % v 4% 0. 35 um
CMOS 7at 22 HWTER L, 77— ZEHURRPKOMIELHERL 2. ZEM (7 —
F) T3, dERSEINIONES 2 IERELTEEHRTEFCoEL, 2425400
AT 5. oM FIREREAECHAEROEREMR AR STk, FEREZ X b —
PRAL B0, Ik T u JEAEERE (Matrix operator) Ik DRET 5. S
ExED DO, N x)b - PRIEREO 7 + ¥4 4= F2FHL 7.

SRETHAR 1 0.5 AHBLE, 1 AHRNE %5V —JL @ Cadence #: Virtuoso, Synopsys
Star-HSPICE, Cadence #: Dracula DRC, Cadence#tDiva ~ZYIX##:100,000 L HEF> 1 v—2 CMOSO0.35um
9.8mm#fy FYTER A A -/ A—b Y
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¥

P

CIF7#—<v MEEE/NILABEERBE CMOS 1 X—JEVY 7
RREERBZRIMAZRA BRI R 2R SRF ZUER, &I =—EB, ?’F
& T ER, KHZE e

BE B4 ld, N4 - BE, vy Ry by —27I0HZEBL, 2OV AIRE TR R &

HWLZMM LSBT - K EEBEN CMOS A X =Ly H 2K LTS, BiC
128X 96 HHEDA X =P I X D FEHEFZT> T 570, KEY FL—FDET
FEETEISHOSNT WA CIF 74— b (352x288MH3%) (cmmizl L, WEL%z
WML LB AoMER2ZWS 20T 5. HHENOERZAL vF - Yey P AL v FD7—
FEEER7—FA M7y 7icky, BREELDOSECEEZAMLTY2. Yy k|
FUPARIEWSL DA ZICTEILICEDFIVI LI AREBEBTET7 7747V kY
F DRIREMER T 2 E b D,

SEHR : K. Kagawa et al., IEICE ELEX, vol. 4, no. 8, 271-276 (2007) .

SRETEART - S AABIL, 4 AARM 2|/EHY—JL 1 Cadence 4k Virtuoso, Synopsys #t: Star-HSPICE, Cadence #: Dracula DRC,

Cadencett: Diva kS YR&#:100,00080 F HEF> : v—24 CMOS0.35um 9. 8mm fy Fv 7Rl : A X =Lk vy /2<
— kY
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] mgﬁﬂ#rﬁ A z %ﬁﬁt%@gﬁ@ﬁ  DEEEEBDBODREEEE
FERRFE TSI =8 E—, BTH fit, ME EX -
BEE | BoX IZMRE IR CEIETTRE 2l R ] AL Z2FB BT 2% 2 fT>o T 3%, &5 G Tz
[\, v—20.35um 70t A% MW, BIFEET IV CEIfEATEEZ 1 JOEGRN AT 25
EZDHERMEOREZRITo 7. AZLHBNOR I, —MRIACHVWLN TV
EEMIBART TR L. £, HREICIE, ERERSTHNT, KEEENT
WEEIEZ 1T C EMNABER YA F 2 v 7 MRS EZ A L7, HSPICE ZHw/iy 2 2L
—YaviiEwT, EFEEZ 1V, ANESHEZ 100kHz & L7 & &, 56dB D55 x4
i (F9bit O BRI RREICHY) TATEFVTRA L LR L. 2D L X, W
BN 0.6mW TH - 7%, BfE, BREMEEOM M T L TED, HEEHE X 0o
DN, 1FIEY T 2=y a Yy FIIECEIEEER L 7.

ERETHARD ¢ 1 AHDLE, 2 AHASE $&EHY —JL @ Cadence 4t Virtuoso, Synopsys #
Star-HSPICE, Cadence #f: Dracula LVS, Cadence % Dracula DRC, Cadence#:Diva ~Z>IX&Z# : 1002k, 1,000 4%
i BHEZY i m—2 CMOSO0.35um 2. 4dmm £y Fv 7Rl : 7w/ (PLL, A-D/DC-DCav =% 7% L)

oEec

[&]

CECEDED

1V 8EmTEE N 751 8 ADC HMDAC

FERRFET S IR —#t, ETH i, FR FX

BE  #41%, NS WFOMlEix 263270/ /7Y 9 VA (ADC) 2EBT 5%
OICMERERMBEOMEEZIT>T0 5. X H/INIWFOMEZE 2 720121, [l % K
JEBRCEHEIR S 2 LG/ 7 7u—FTh 5. ShENL IV CEERZ A 774~
ADC o MDAC (Multiplying Digital-to-Analog Converter) % i L 7-. {KELE{F
ZHRRIZT 57:012, MDACICIEAA v F b A X7 7 [1] 28AL, 7V v
JAAL Yy FIE7T—F A7y 78 [2] ORI L7z, HSPICEZHwit7vyrsL
APy T ab—yavickbh, BFEEELV, 2@ 8bit, ZHEIE IMS/s DEIE % fiff
L 7. BITE, MEBEEEtih T & 5. Figure of Merit : 1 € v F OIS LI 4 2L ¥ —fl
ZRT

SEXHL : [1] M. Waltari and K. Halonen,” 1-V 9-bit pipelined switched-opamp
ADC” , J. Solid-State Circuits, vol. 36, pp. 129-134, January 2001.

SREHEAR - 1 AALLE, 2 AARG &5V —JUL : Cadence ft: Virtuoso, Synopsys t Star-HSPICE, Cadence #t: Dracula LVS,
Cadence #: Dracula DRC, Cadence f Diva ;32 IZXF#: 100D E, 1,000 £ &HIEZ> @ v—24 CMOS 0.35um
2.4mmfy Fv7&ERl: 75 v (PLL, A-D/DC-DCa v "—4%7 k)

EfRt > yASERBERE

EBRESBAFEBETRE WA EE

BE EFEORmT Y Y VR E U v o FEBEZHIEL T, 1.5VIIT DK
BIECTEET 2 HEARM L v HOMNEEMBNEEZ G L7, 2 3 oJRBICE R
WoER2EEZHOIARRE A2 R L ORAER e vy 2HL&EL T, Z20%
BIEOZLEN00%%2 A 2 HEE2MRL T2, ZOKREILEENEZHVEHT, itk
D7 F 0 ZREEEICARIRTH > I HEEIEGR 2 A v N— 7 7 v ZICEEWZ 2 HHAMRE L
ol Eolcruy AN, WiE- A 72y FFENEEERLL 2. 2 ofERRE
GEFRBEE 1.3V coBffrffgcd b, il ¥ & LTiz+60° o< 12%/F. SLLF
DRIET Fa 7Moo, vy O, IBEREIEZNZ40.4deg, 0.THTH -
2. COREKEIIFERESBELZINEE L v 3 EOTH~DIGH b HfFE N 3.

SZE R © Asrulnizam, Matsumoto, “ One-Side-Electrode-Type Fluid-Based In-
clinometer Combined with CMOS Circuitry” , pp. 417-434, Sensors and Materials, Vol. 19, No.7 (2007) .

SRETHARY 1 0.5 AHDLE, 1 AHEM 5BEHY—JL : Cadence #: Virtuoso, Synopsys #: Star-HSPICE, Cadence #i: Dracula
LVS, Cadence fl: Analog Artist, Mentor #l: Calibre ~ZYYZXZ# : 10084 E, 1,000 4% SEZ> : v—24 CMOSO0.35um
2.4mmfy  Fu FHER AR (EER, BRESRY)
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- BOO0ELEOEOEEOan

EBESRBAFET Y WA EE = E
>

|
BE:vyFy 7 LICHEHBIAAL v F & 2o E2 £ L HEF AL » FOEBEZH 1

8 UCRHiEH - v 723G L 7. R RIS 2 5 o OB & FrER R LI AT 254
BRI, Ioicray 7FEAREE, WiE - 4 72y IR 2 SR L 72, Bl
ABDO%IERKRZ v, BBEHOTFARRZMOTEIICLRLTLATY 2ok, £
7o, BROEK FET ARSI HE e s —)L FERZEIE L CHEOERIFIHZX -
7o ARIEEE ) EARHEEALICEUE 2T o D, MR E LA 7Y FomE{LE Iz,
FX—INFVAFRDAAL v F b ¥ v Y FERBBREKEZ BRI . 51, ko
HREIES 2 A9 2 50K DRER CEfE TR W nlg s Az B4, 6L 7.

SXETEAR 1 0.1 AABLE, 0.5 AFKME |/EtY—JL 1 Cadence#t: Virtuoso, Synopsys#t:
Star-HSPICE, Cadence #:: Dracula LVS, Cadence #I: Analog Artist, Mentor %I Cali-
bre MSYIRZE:10DE, 10045 SHEFY v—»46 CMOS0.35um 2. 4mm i Fy @Rl : A A=Y ¥ /Ae—+L ¥
_)j—

DpnpnopnEnEEnnEm

HREStEYIYVYIFYT

LEXRZERMENZHARE ZHE & BC, fHE—, ZH 8

BEEE - AEfRTGED & mRGEN O BIMR 2 IEEIC IR 5 22 o, A OTEENCHIF 2 N Z 22 v/
MO% ATIERES L Yo v IV AT LOEBPEEIN TS, R TIR/EO e
Gz milL, MEES2BECRE T rMRES > v 7 LSI oG - ilfExfro
o, BEFLRES 2> v 7 LSLIE, A4 L7 b F a v 8BS IR S, EX
LE#s# Analog-to-Digital Converter (ADC) , HEMLEEFMIEIC X > THRINTn 3.
WET LI A L7 b F a v 8 RS BIR RIS 1, (RS O FEE T 2 CMOS SR
IR T, Bt uViIREOMIEES2HTE 2. {FEANF v 2 AHKIE10ch & L, £
7o BRI ADCIZIFIA Y v 7B I UOBRET LA ZH WA 7Y v PR Z S
L, 10Ey bofiEaE, ¥ > 77 v 7 M 52kHz TEIES 5. MERUXERIFKIE, SR
#100MHz ® VCO %# LO & L, BPSKZ#H T 520kbps D7 — ¥ mk%2FH T 5. EF v
TN (X v i) omiEES (100uV iRiK) 2L, 8HICED 50cm D2 {ERHK 2 2 &L 2R L 7.

BER 210" T 3. 181
SRETHARD : S AALLE, 4 AN 55tV —JL : Cadence #t Verilog-XL, Synopsys#: VCS, Synopsys #: DesignCompiler, =
Synopsys #l: Apollo, Synopsys tk Astro, Cadence %k Virtuoso, SII4L SX9000, Synopsys #l: Star-HSPICE, Cadence %k Dra- 2
cula LVS, Cadence #: Dracula LPE, Cadence #: Dracula DRC, Cadence #I: Analog Artist, Mentor ff: Calibre, Mentor £ E
CalibrexRC MZYYZXF#: 1,000 L4 L, 10,000 A% HEZF> : v—2 CMOS0.35um 4. 9mm 5 Fy 7Rl : A A =Pk v

. F
Y/ Av— bty W
HmRESEYIYVIFYT 7
LEERPERMEREMRN SHR ARC FHE—, £HE 2
BEEE @ ARIED) & RSB O BIR 2 IEHEICIEIE 3 2 72, RO TEENCHIF 2 2 200/ g;
HMOL AT Sy > v 7Y AT AOFBPEL I N T 5, AT TIRKO fikE &

BEERIBL, BNES2ERCERFT 2MREST Ly > v 7 LSI 0Gr - ilfExfT-
7o, BEFLIMRES 2 vy v LS, ALY T a v SO RERMEE IR, ER
L Analog-to-Digital Converter (ADC) , HEMLEEMIEIC X > THR I N Tn 3.
FEP L2 A L o b F a v ST AR HIRN 1, AR O FAE T 2 CMOS JEEY
IR, Bt pVIRIEOMRESZMIETcE 5. B ANF ¥ 2AEIX10ch & L. %
T BRI ADCIZHHLA Y VY VB X UOERT LA ZH A 7 v FREK % 8
L, 10Ey bafiEhg, ¥v 77 v ZJ¥EH52kHz TEIET 5. MERUEERIEKIE, SRR
#100MHz ® VCO % LO & L, BPSKZGHT520kbps ® 7 — {5k %2 BT 5. AMEF v
TIZEONN (v v i) omiiES (100uVIRIE) 2L, RIS X D 50cm OERMZRXINES 2 L 2R L 7.
BER 210" T 3.

ERETHART : SAHLLE, 4 AFRNG F|EPY—JL @ Cadence #: Verilog-XL, Synopsys #: VCS, Synopsys #: DesignCompiler,
Magma £k BlastFusion, Synopsys fl: Apollo, Synopsys #l: Astro, Cadence £k Virtuoso, SII#: SX9000, Synopsys #l: Star—
HSPICE, Cadence %l Dracula LVS, Cadence %l Dracula LPE, Cadence % Dracula DRC, Cadence %l Analog Artist, Men-
tor #: Calibre, Mentor fk: CalibrexRC +~S I ZX &% : 1,000 L4k, 10,000 K5 BHIEF> @ v—2 CMOS 0.35um 4. 9mm £4
Fy7@EH A A=Y/ A=t vH




w
N

DR EIN e W IR

EWF ¢ 97 JVERETRIRIC XTI U I BiR S DT 556 L Elg
EERMRZRERERTEHRR #wWAREA

EERMRERETHE A A+

BEE @ B & 4T 50 L2 TR L 72 M 0T B LR 2 54E L T 5. B
T 2O 5 2 L CHBEIROMENZIL THRE L T3 7 v JnEEE T O R
W HEZ O E R cE 2 LI LT3, 7, LN LEEZ2HNICTA2IET
FIHBWELARZRIMIE T2, MIREZHEAET 272010, BERNRERMEE 2 REIE S
T4 Yy E LT, VCO, D-FF, s7f%, v 3 =%z LICBiEL, VCO 556
HEI® Iy 7EFEA VN—FF 2 A VITAN LS EREIETVDS, F, #
BTt LTI BE LESZAKT 2720 OMIREREK S 7 v JREEHHIR N T4 2 it
THMEKDHEIL T 5, RMEIZBERHTFTH 5.

SRSTEART : 0.5 AHBLE, T AHKNM §&5HY—JL : Cadence #k: Virtuoso, Synopsys %
Star-HSPICE, Cadence ft Dracula LPE, Cadence fi: Dracula DRC, Cadence fk: Diva, Cadence fI: Analog Artist, Mentor &
Calibre ~Z>YIRF#: 100D F, 1,000 %0 HIEZ> @ v—24 CMOSO0.35pum 2.4mm A Fv 78Rl : 7 7 P E#

16ch WSFE ASIC

REARFIZFRMARR ER R A EH, St

BEEE : A% I3 PET (Positron Emission Tomography) 7z & O U tigs o
FrE &R OFHERNKROMAE B > Tws. EROE 7 IFe /2 F L LE
FUCH ol PHAEBETIET IR Y « T4 PPV EREE L lchip THEIBEEZ Y > 7Y v 7
T2 > 7Y v SRS ASIC  (WS-ASIC) Dbi%%#fioT& k. KFv 7
Zlchic 7V 7> 7, VGA, &#o 100MHz/6bits d ADC % & A T\ 5703, EER % IR
% 7:%, 200MHz/3bits DA 7 vy 71X D EEE Y F EHRE Yy b E2RAICTEART
RNVF TV 7 REGHL THARA 16ch Z#FEH L T 5. DEToF v 77C¢id GND 23+2
TRPS1DDOVH N 2D EWRE LT v 7 TH L. SHBTFIR T - 74 Y ILiRHEIC
kpavir—xv o uR =7k EQFHTiZIT) FETH 3.

SRETHEART 1 AABLE, 2 AAKNEE &PV —JL : Cadence #t: Verilog-XL, Synopsys
DesignCompiler, Synopsys fl: Apollo, Cadence fl: Virtuoso, Synopsys fk: Star-HSPICE, Mentor #: Calibre ~ZYIRX%
#:1,000 4 F, 10,000 A% HEZ> 1 v—24 CMOSO0.35pum4.9mm g Fv &Rl : 7ru// 7Y VESUHE v v 5
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TR 18EEE2EO—L CMOS 0.18umitfE
(RO18062)

IE5 > Z iAo i

EBMIIKEREREREIFZHATE LHE—BB, I ik

BEE : 8D MOSFET OREIZ 6 D E 2 MET270DMPEE LT, X7+ VPRI %
WAREZTVLA (RT7FF7VPRAZEAVT LA, PTA) LB 7 VP AP ZMXRIZT LA
(FNARA2 Yy 7 A7 LA, DMA) &Gt L7c. 2R TEEEZZEROT LA S
D, X5 D EDOTIEKAENE, MEKEEZ EDMETES LS I L. PTAIKBL Tl
RICEE LT, FEREORFOMEID R OHIER TR NG LX) I LD b
Ate. e, BERAO T a—F LEET — P 2THALFAFAO2OAELT, 7TLA DK
Hifh% K- 72, f5# 7 — b iZ CMOS g% ffivs, Z 0P RES Lo R VE S ICEEL
oo TVEVHIEIC K 5 TBEES — o2 RO IMEZ T2 PETH 5.

SXEHEAR t 4 AFBLE, 5 AHRNE  5&EHY—JL : Cadence #: Virtuoso, Cadence #: Dra-
culaDRC ~Z2I %% 1,000 F, 10,000 K% EBMEZ> @ v—24 CMOSO0. 18um
2.6mmfF v 7 Fv7/ERl TEG (RREFEAGEIRZ &)

X ESEYY Y VERBTEG
LEEXRZEYERZHARR BREC AHERS SHER sHE
BEE  EATERENCHIR 2 N 2 e AN OB S 2 v o v 7 LST 0B, ARIEE) & whig
EEORGRE EMICIBET 2720, 2R TEB X OEYEOSTBETEEIN TV S, Rt
TIE, fiRES > v 7 LSI D7D CMOS {45 Bl 8] #% 0 3% 3 2 17 - 7. Auto-
zero Befifiz WM $ 5 2 & T, DCA 7 v MEH LARERERMES 20T 2 L FRIC, AIME
FERMST S, KD, MHMEE BRI 0 ImV B, AP 60Hz) % s
(RIE : 50u~100uV BREE, RSy © 500~1kHz) 2%f L T 20dB RREEEIH S 8 2 [AH
G M INEEE T/ NVEE TR T2 I LICL Y ImOWBEHERE TS L
BTESL. WERRL D, FERMIEE TR T & 22 o 7 B AHMES % B 5w LT
7 18dBARIR T 2 2 & 23HIRE T, fikE5 % 35.6dBIETE 3@ ANA v E—% v 2 IHIE
[l % SEHL L 72, NS (~100kHz) 1%2.7uV, HEE 1 7T0uWel. 4V Tdh 5.
ERETHAR - 3 AABMLE, 4 AHKGE 5’5V —IJL @ Cadence #k: Virtuoso, SII#: SX9000, Synopsys #k: Star-HSPICE, Cadence #t:
Analog Artist, Mentor #: Calibre, Mentor #: CalibrexRC ~Z > I X% : 1,000 L4 E, 10,000 A5 HIEF> : v—2a CMOS
0.18um 2.5mm fF v 7 Fv 7RI : TEG (ReM:akililmlE 7z &)

Rohm0. 18um 7O RERFTINA AETFTIVERBEE, BN
BWEEIZKRFEXZERIERN G BEE, #ENTE FNIET

BE : Rohm0. 18um 71+ A TSFQ/CMOS NA 7V v FAXEY T AT LEHHET % /-
DIZIE, KR CMOS DT NA ZE T AR E 7%, CMOS 754 ZADEIR T T3S
KEDETVHEEFZICHNS., ZOF v 7 TR ZOTNAL RETFTAEERT 5720, 100x100
um?D PN A ZER L7z, F2, #8051 ) v 7 A L— 2 SRR L 7. EORE, KT
TR & R LT PMOS & T3 1/10 o0& R, NMOSE&HhTCik /6 DFREZ o7 &
DI EXDEKIRAT AL AT VEMER L. Vo I F > L —2I1cBIL TE 161 B, 225 B,
301 Bt =Rl A B L, WIBHC NAND Z OBEBHICA v N—F 2 HiR 5 2 L THIE I T
Wh. 2L, VAT Y FIRDBH- - OMER R LSS 2 L TE o, WL
L TERIZHED D > T,

ERETHARD © 1 AHDLE, 2 AHASE $&EHY —JL @ Cadence 4t Virtuoso, Synopsys #
Star-HSPICE, Mentor #k: Calibre ~Z>JZ%5#: 10080 1, 1,000 %Ki HEZ> 1 v—2 CMOS 0. 18um 2. 5mm 45 v 7
Fv TR 1 2 0fth
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w
N

ISR W TN

BFEAED/SR b5 Y R 5 SRIEEIRE % A VW e N HE E B

BWEEIZIKRERFRIELT AHER, WH BEX, FIIET

BEE | WA S A b T v Y R YRR & o 2 BB O BIERER. 7 v 5 & L C pal2n Z2{f
H U 7z 4bit INEMIEE & 7 v F 2 L Tz 4bit IS RIE. cpal T%B{L S 417z 2bit i
B, 5y FHEEgEO R THEEEEEN TS cpal & pal2n DL E LTZNEFND
I v FEEOBEMRH ORI & CPAL, pal2n 2 20 Fh o v Fhlik e L THAIH W
fulladder. 220 7 v F[HIEEHR & 4bit O MME R IZEIEMERFE A TH 253, ZOfho[A|
#clix fulladder icL 4 77 b D 2 2A03H 2 DICIEL L @IfEL CTW72\e. cpal @ R
DT h2pal2n X h b ENWVICHTED, cpal FAMEROBEMZIRICET EV)
FHADHER T & 72, IEL K IR S Bl <H 7 v F R D BKE) 11 2355\ > 72 D I E# T
BIEWEIEIZ L Zed o 7z,

SRETHAM 6 AHDILE, 7 AHKNG 5REHY—IL : Cadence #: Virtuoso, Mentor #f Cali-
bre MZYIRFZE:100L0E, 1,000 BHMEZ> @ v—2a CMOSO0.18um 2.5mm A5 v 7 Fv 78Rl : HERE GEEL,
PrE#R 2 &)

IE5 > EFE, BEfR/N1 7 A5l TEG

RPRZEHRFARE B R¥, FH BE, W R, NEFF HE

RBRFEIZEE hilE =&

BE: 4BOV v I Ay L—F 28R, 2N NOFIRMEBOLE %2 HE T 2 R, A
BNt 7 AZMA S Z LT, @fERELZZLIE, X6 2ZDMIERZIT4 ) koD 2 figH%
B L LSITH B, B, LV OBENS, e VO E2EZ ) v Ity L —F%—
opwruil, 202 ruz5XI0D 7L ARICEEL THES D> EDMMEEITH S . FR
NA TR K 51350 ERIERIEECIE, MREMZHIET2 Y 2 avy 7+ £ ToRRkc
X0, e VOBERENED LI ICENMT 2002 METZI L2 —D2DHMNE LTV,
IR EEL <, IOV OHESRIT-FFH-EINTLES7. Lo TE -7 K Eff
Lot

FRETHAR 1 1 AABLE, 2 AAARN 8EHY—IL @ Cadence fl: Verilog-XL, Synopsys £k
DesignCompiler, Synopsys ft Astro, Cadence fk Virtuoso, Synopsys ft: Star-HSPICE, Mentor #: Calibre crZYIRX%
#:100,0000 F HEZY i v—24 CMOSO0.18um 2.5mm 5 v 7 Fv 78R : TEG (Rei:RTAmMN#% 2 &)

mIEEEgE U TEIMES 5 X T DEREL

EEMIRZRERIEHERZHATIR =R B, T Es, /)l —&, sAhEXx
BEE R4, WA LOETHIH S T 3 FPGA (Field Programmable Logic Device)
BETRO P RFEMBEHT AL R ELTAEY RX—2HHEEE (MPLD) 2% L
7. MPLD i LUT (Look-Up Table) , A4 v F{E%5, A€V & L CH#ET 2 MLUT %
FEARBFE L, BB L 724 MLUT ZHA B L TS s, Zofic kb, ek
FPGA ICE W CHBD KiTr % Hd 5 AL v FEENATE L 2%, MPLDIZa v 7 4 ¥
L= a iZBWTZOHEMEHE O AT ) ~NOEZAREMN LAk o EE g3y
74X alb—vavlEREEL, RICHIHHEENICENTY 2R E RS, 50,
HifAD MLUT 3 X O SRAM D#EF 217\, 365l 22 3l 2479 7= 0 IS iMEZ 175 7=,
SEXM ¢ HEAR, Bk, AR, EREESE, T R TS AL LCOEIET %
*%Y (MPLD) o—H¥EH (Var 74X+ 7707 —%F727F%1) 7, BFEHES
EaEAZE S RECONF2007-16, pp.7-12, 2007 £

SRETHEAR 1 3 AALIE, 4 AARE REHY—JL @ Cadence t: Virtuoso, Synopsys #: Star-HSPICE, Mentor #: Calibre, Sy-
nopsys Nanosim, Star-RCXT, Hercules MZ>IZX&#:100,000 L E #|EZ> @ v—2 CMOSO. 18um 2.5mm &5 v 7
FyFER: —2—F7 0y




BEREFEEROSRRILFEE

MAXRFIZERES =, #HLEE

BEE @ ARRMECIE, AT SR BRI 2 R o BB R IRES (VCO) iIto2n»wT%

F v 2 OVBE R AN ERSE~DIGH 2 H8 L T, FGoMiifbic X 2 Sm% - A
LDFEI R OGASE [C ORI Z 7o 7 [1] . 7Fh e & »T, ¥itLAHZTFD

R, FMEEIEEICHEETH 20T, HANLGETFOR 2R T2 L 2HWE L,

NMOS KU'PMOS + 7 »¥ 2%, PolySii#i, LPPH L, MIM AR 4 O HikHR
FIZOWTTEG 2 &l - AfEB K CBEER LA, 22 TEHMOS P VP29 D

WL, &REFETOBWPUEI OFREIRZ 5 b D% Z N Z EEIHEGT L 7.

SEXB WA, R, “EREEEHIERIRS OB & 2 0IGH” , B EBES
EoEivigiER e, EMC2007-75, Oct. 2007

ERETHARD ¢ 1 AHDLE, 2 AHASE $&EHY —JL @ Cadence 4t Virtuoso, Synopsys #

Cosmos, Synopsys £k Star-HSPICE, Cadence #: Dracula DRC, CadenceflDiva FZYI X7 1000 E, 100 K% =ES
Y :u—24CMOSO0.18um2.5mm AT v 7 Fv7@ERl: 75 u s (PLL, A-D/DC-DCay =% %k?)

ZFHAT7FINA AD TEG &k
PRAFAFZEETZHERN  BEHIESL RS BK HFX ke B8,
A H=E

W= 7o JREE2HT 5821, T4 ZAORESHE E 3, Vi, Tak 20
HGICEE G, F v TPRE D2 K B 72 O ICED 22 WE IS S — X 2 L2 TRET 546
BEAEL TS, UL, SOFI—XINICEBA VT 72D QEOETHEBREINTE
D, FE=RAINDBA T 7 ICRIETHELZHOLICT 2MERH k. FI—A TN E
B EDREEFBMDGZONTORVIEAMDOTZ VI TH B, DY I—XZNVIA vy
IS DAIEAT 2 ETY I — XA VHI) TERBTEEL 5 TEREEZEL 54
D, AL INA VT I7IDQMEMMET LTLEI EEZOND. 2T, ¥4 AD¥L 2
PRI NERE LR =R, FI =AYV EREL 208y — 5% BFEEO 28
AINA VT I IRBIEL, A V&7 7D QIEPZ DMZERTDHEETV, FI—=XF )L
WA V7 ST T B L TR 247 - 7.

SEER | IR, BAER; £ F v 7 - AL TAA VP75 ORLORR A Ot BT REEE 2 2007 Y %4 £ 5 4 135
KEHSCHE, C-12-40, p. 95. =
SRSTHART : 3 AHADLE, 4 AHA =|EW—)L : Cadence #f: Virtuoso, Mentor %k Calibre ~SYIZX¥#: 1045 RES 2
Y :1m—2 CMOSO0.18um 2.56mm f5F v 7 Fv 78R : TEG (RRrEaPAiaE 2 &) =
9’_
%
1 X—Jt 4 TEG 7
RRERBIZHMAEZRRNZYERIREIZ R BN EZ, RF X T 55, B
. = E
BWE: "3 70 AMTO7 5 AL A —F « CMOS 4 X —2 & vyl AR % =3

Wik $ 7oz, TR WA TEGF v 72 L. 74 b A4 —Fo5k
RIE (A/W) OWEMAFEOHEIIZ, 200 um DI & #E458K 2 b > PN #4672 v
7. CMOSA A=Y v HOHKEHZEL LT-TriRT7 7714 7EZ Lty 2,
74 b FA A= FORAGHEE 0um i & Lk, EEOPOEEMZ20um &L, 74 b
P44 — PRI 10um & Lz, BA28T 27201, 74 MF 44— FREMIC, T8
BFIRICVIAZBRE L TEE L 7, SMig2z —FIICRE L, 1l#EOAZHAL, &) O
FRWEL 7=, Zhuck b, ZHRRE (V/Ix-s) EHEF vV 7IckalER 70X b —
7 RHE DB RMAAEDHIETE 5.

ERETEART - 0.5 AA ML, 1T AHAM |jEHY—JL @ Cadencefl Virtuoso, Cadence #: Analog Artist, Mentor #: Calibre ~5
YYRZE 1008 E, 1,000 K5 #BIETY v—24 CMOSO. 18um 5. 0mm 5> 7 Fy 7Rl : A A=Yk v ¥ /Av—btLv
.}j—




—
w
o

DR EIN e W IR

IR-UWB * ¥ X—=3I Y3 TEG
KRR AR FERMTAKERKZYERIR T AR RE =ZMER, R &, Sk 81,
EI F—8B, % ER, KHZE
BE A Ay I HEEEZNB LYy Y2y b7 —2 ) — F2EBT 3 00 EHEH
BELT, A VSV AAHRUWBDEF S AN CML Ay 7 7 &, {KBIE - (KHEBE A £
— P VY DOMETEG 2&iF L7z, UNBFRI7A4 N, €/ 724y 700 2%2HBH
L, 50Q&AffAZMEIT 25, F/, 1.OVETTEET 2OV AREAHRE CMOS A X =P+
Y OMiETEG ##%ar L7-. 640x480M5%, 30 fps ZAHE L7, / —F - N7 HEOBH
B & HEOGE B4 2B 2 b O LAN A X —2 & v F OR{GiiE 2 £ T 2
7dlc, METEG Ly v L Au—FRADC 3L 7.
ERETHAR - 6 AHDIE, 7 AHAW $EHW—JL @ Cadence # Virtuoso, Cadence #
Analog Artist, Mentor #k Calibre ~Z>JZ#%: 1,000 L4 L, 10,000 £ HEZ
Y :1u—24CMOSO. 18um 2.5mmfAF v 7 FyTER : A X =YY/ A=k ¥

CLEEBREZHOEEPN 74 1A —K

SRRFREREAREHARR BRI B=—, ILE #CEA

BE . ST — 2 EE2HEL T, LSIFy PRGN EEEZEH L vy —axy
YaviamREnTwd, Z20EHEDL®IZIE, LSI 7 uk 2 Xk KR ER %M
IZDOWTHRETT 208235 5. AF v 7%, Wl CMOS 7uw 2ZHAILT, ¥+ ) 7H
BOHI GERICE TR 5H) ICBET 28PN 74 F A A —FERIELAL. 74 b5
A4 —Fix LAEEBHEEZR->TE D, BMiEX0.24 um, BMHEFIZ0.6~1.2um &
L, SRABEREIHERE R Ty 7L Lz, BER 1 nA, 3R 830 nm iz v, &K
0.12~0.2A/WTH>7-. 7, BMEFEO0.6 um DFE IOV TIE, ZENEIREIC X 2%
M DM DSWHERR S Ntz FPEOTIRI3 AT 100 MHz TH - 7z,

ERETEAM : 3 AHDLE, 4 AH RN 2&EHY—IL : Synopsys #: DesignCompiler, Ca-
dence tk Virtuoso, Cadence #I: Dracula DRC, Cadence t: Diva FZ VI X5H#:

2 8 7 67 R 28 1 Y YRR SR 1

1080k, 100K SESY : m—24 CMOSO0. 18um 2. 5mm faF v 7 F v 7RI : TEG (RebkaFilaliE 7 &)

0. 18BumA WS-ASIC TEG

REARFIZFRMARER ER R A EH, St

BIEE : Apf%2 12 PET (Positron Emission Tomography) o 7z & O iU tigs o
B &N O ERSERNE O 2 B k> T 5. #RD%  DIESUE ASICIZ 7 F
07 EE LEESUMTH>BIRETIET IR Y - Fq PV 2E#RL lchip T
WEakY v 70 v 7T 208y v 7Y v 7RG ASIC  (WS-ASIC) D% %17
T&7. AF v 7Tl 0.3/um I8 T ZT>TE S D% 0. 18um T o FHERE D HBL
DIzHDTEG 2l L 7. TEG ICEEBHBEA DK, £ X7 7~ 7, 100MHz/6bits D
ADC, F 7YY R¥, varactor R EVEENDL. KF v TR Z T Db LT F ¥
FNDWS-ASICZ R T 2 FPETHS. 7V T 7D/ A4 AiHiiZ E%21T9H 2 &L TXRED
RIFIC2R P 2L E2EZ TV 2.

SRSHHARY 1 0.1 AH &N ;W —JL @ Cadence #: Verilog-XL, Synopsys %k Design-

Compiler, Cadence %I Virtuoso, Synopsys #l: Star-HSPICE k3> I X 7% : 10 £

2.5mmMAFy 7 FyTERl A rusakyy

HARPEEENEE

=

u
5
]
P

]

HES> 1 uw—2 CMOS 0. 18um



TR 18EEE3EO—L CMOS 0.18umitfE
(RO18063)

BERE, EHESHSREETFOE, SHEAEZOTA

B KXZXRZRTFEHFIR SKREKX, HF XN

ElFKZETZEER RE #hi, Al EF, BN B, R A—

B AKRfETIE, SRR CHIfEYS 5 MOSFET % w7 RET, KiMEEHSIHET
PRS2 3E L 72, R, TN E COKEE CEHfES 2 HEOMEE & 2D, FK
REERICB I 2 A0 =777 7 2 O BEEZ TR CRIBEHRE Z->TEY, 7ok Ak
FERER L T2, KRR E DD 7o, —ICHVSNZ Y F¥ vy 72 HEEFERR
OHIEDIAATYS. £/, EE OTA B L TlE, BEIEENICX 2 A ERERRT %
Fr v VT AFLTERZACS I ET, gmOELEZMNZ 7 OTA DFMEICHY A 7.
¥, SBOMETHL L VR -DOHEREMEEE LT, KEETEET 247 7% RfE
L 7.

ERETHAR 4 AHDIE, 5 AHEN SREHY—IL : Cadence #k Virtuoso, Synopsys #t
Star-HSPICE, Mentor #: Calibre ~Z>IJZX&#: 10050k, 1,000 46 FHMEF> : v—24 CMOSO. 18um 2.5mm 5 v 7
Fv 78R : TEG (Fp:aHilini 2z £)

TEAREE AN I L RN TR NN LN

Ty Il EBFERIEDT-HDERTEIEE TEG & ENFHREE MO

ERAZISE  ER K, BE RE LIt—

ERAZAERFEGARBSHER  LHE EJ.

B — Y = 7 QWS e L CERIC IR 175 72 0 O WO W% |

B fEE L D 3t 2 1T\, T i & BRI OBEE 2 W Zng8E L7, =y O LI:
.

HIZBIL T, 5RO REIDORLZMERICN L TaNR MCRHETELT7T—F 77
FreEBEREL, BREAALEHERK THET S 2 LIk > T, MCHERZ D RT B

22 LTI L e, E RSB LT, FER TIIHEMTT D I O AT RET H o 72 B3,
SEER S FHOREE AL v FRIEEZHGS Z LISk > THFITI 2EnTEL LD

oo, BIRRINCBI L T, £ 377 L — L2050 & ) BERFZSERZ IS L, G E
M eBfiEic X 2 L2 mERSICAT) . 2o (BEEy L) 208 L0 LAk |

TR NI 0%ERL, BEMELT 2 2 L TEROMEREZTS . BRI ZESE
WEMET 220 OBEOYED RS BELD, TORHIE, LwI)FithiMazEAL, Bk koBEEy F3YREKDOD
D EBNST PR 2WEE MO CBEZBEICHICED 2 FiEezEE L.

SREHEAR - 4 AHDLE, 5 AAREE F|/EHY—IJL @ Cadence % Virtuoso, Synopsys #: Star-HSPICE, Mentor #t: Calibre k5
JZ25# 110,000 L1, 100,000 &G HEF > 1 v—2 CMOS 0. 18um 5. 0mm f4F v 7 F v &R : TEG  (kik ST A1 # 7
&)

ERFEVILFF v T7K—me an s 7—x7 7 F v e AL
RRAREZEXRERTEZRARE EXE

RRRZXERFEBEI KRR SHE

BE . K-means 7 7 A7V ¥ FFRIIHERN T — ¥ SWICIEFICGRITH 2720, BBk
TR, T~ A=V, Wikt AT —vay, WKEL EDL I ADIGHEET
TEHEL T 5. K-means k0GR 2 2 P 23JERICK E W T, ARMETIE XGA BUEITER )
SHMH I NIBITDORY LT — 13T 3 FER K-means IV %2 IR T 5 720D <)L F
F v 7 K-means 7 —F 77 F v #RE L, BKEHEZDZODT A MEEEEK L. 7v
vy 2EED Iy JESTHMEIT 2 AL L. KF v 7iE, )7 bVIEHHAO
SRAM XY 7, v 7TNXRT FVOFTE 7 V— 7 %508 $ % GrouplD LY 27 %, 47
NR7 FOVERIIGEBE IS 32 A7 % E2E&UHIEIEEE, ELX7 PLVEEET 27200
CSA & DIVIDER, # v 7V _7 FOVHGEER# DELAY, 2L CH v 747 PV EED
X7 P VOWEEEEZ1T) PEDLSODEY 2 — L o BRI Tw 3., ZomCHiEEHOPER T2 E w70y 7 CHEIL, %
DOREEIZETEYZ Y 7E5THBEIT 5. ZhickD, 2 LFF vy TRIDESIEDEIESR 9 F {WIRT 5 528 H L 7.
ERETHAR - 1 AFMILE, 2 NSRS 5R5HY—IJL @ Cadence #k: Virtuoso, Synopsys#k: Star-HSPICE, Mentor #: Calibre k5>
JZFE 1,000 B4 E, 10,000 K& HEFY i m—24 CMOS 0. 18um 2.5mm 45 v 7 Fy 7Rl : 75w /57 7 L EE
VAR A

Je W oW o

&l
1E
E



—
w
(03}

DR EIN e W IR

ERHEEEZER 7O Y YR TEG

RRAREREZEMBGEEBIZARE BEHME, \A Vv, EHE

BE  §iE 0% 7 L —2hoWikoB) & ofiti, 208 E oMECREE T 57 0ICHKE
THBH, —IICEHE a2 PR, FHON—F7 27> TaEkT 2 2 Y v b2
REV., KRETIR, BHEBRHOPTORENE BT —FB1% (, FICHHEa A o
WwW7By 2oy F Uy IEFAEZy PO AN T ARy F U I ko T T, PtkoBh &
DREILHMEBINTZILDTEL Ty F2AKT 24D, TRy Yy 7—F77
FrDa7 LB REEETH B AT EATHIENHE RO TEG 2B L 7. X €V
A I N 17007 —2HD 1 THsEy b D% %EEZ % 79D Carry Save Ad-
der % 32x32 £y F® SRAM /N> 7 2D & Bt U 72 757tk fiE AT B8 1m0 % 0
16x17 i D 2 53 aRHERI I & > TR S TR D, 2HEBDZSHHE R Ak ICEH
LCINZay 7 MCHRETT 27200 7 v ¥ A S HHEIRERA T

SZX# : [1] Kazuhide Fujita, Kiyoto Ito, and Tadashi Shibata, "A Feature-Based Optical Flow Processor Architecture
Featuring Single-Motion-Vector/Cycle Generation, " in Proceedings of the 2007 International Symposium on System-on-
Chip (SoC 2007) , pp. 31-34, Tampere, Finland, Nov. 19-21, 2007.

SRETHART 1 AHBLE, 2 A 8&EHY—JL @ Cadence #t: Virtuoso, Synopsysft: Star-HSPICE, Mentor #t: Calibre k3
JZAFE 10,000 LA E, 100,000 A% HEZ> : vw—2a CMOSO0. 18um 2.5mm fF v 7° Fy F&ERl : 707/ 7Y 2 VEE0
H7ax vy

&5 > EFFH, BER/N 7 X5l TEG £D 2 .
RPRZEHRFARE B R¥, FH BE, W R, NEFF HE K/
RBRFEILES AlS =&

BE: 4BOV v I Ay L—F 28R, 2N NOFIRMEBOLE %2 HE T 2 R, A
BNt 7 AZMA S Z LT, @fERELZZLIE, X6 2ZDMIERZIT4 ) koD 2 figH%
B 7. B, e VvoREN, e VORBELREEEZ )y Ay L —SY%—DDvrn
EL, 207 27uZ 151007 LA RICKE L TUES D ZOMEZIT 429 . BN A 7 R
£ %185 D FHIEME T, BRENZHIMHT 2y 2 varyy 7 P ETOERICKD, 2
DEEREN ED X HICENT 2002 ET S L2—D2DHNE LT 5. HIHEEICT
=777 LT =2 DI0 DI DHE ANEZT, IEFICIO v 2MROIAEFNS k)
L7, 7 A FORE, MESRO—F A EBTHEL TRV oo, IEFEIEZHERL 7.
SRETHAR (1 AHBLE, 2 AHKH  $|EPY—IL @ Cadence # Verilog-XL, Synopsys 4t
DesignCompiler, Synopsys ft Astro, Cadence fk Virtuoso, Synopsys ft: Star-HSPICE, Mentor #: Calibre crZYIRX%
#¥:100,000 8k HESY : v—24 CMOSO. 18um 2.5mm 45 v 7 Fv 7RI : TEG (RebkaFmialg 2 &)

BoArEA s LA L L G S SR A AR

Y27« ¥ 257 IVERLER R

RIERFRERITEMAFER 5E BiiE, S E%, HP & IVl XIE

BE D EFICBIT 20y FEMOSMAFEIE T4 L — b2 KIFICHE 2 % FERFE SR
W{RUI S 2 7 A2 QBEE LTS, 20 &) REGAY 27 41, WH~A 7071
Yy Y EHOAEY 7 P I 7ABIC L D BRI T 0, ZOUBERET O R LEWIH
BEIDMEL > T3, ZOMEZERT 2720, REMEL2BINICEERZY a v
7 4 ¥ v 7 7O)VIHRWER A O G2 1T o oL FUEREE L, MR T 20y 2 okEE
Bbit DT —F R E L. T K DR T — % OFt AL %2 #ffi T 5 2 & T, #ERkD
FPGA CTIZFEBATBETH - 7= BIVFHER 2 EILL T 5. £, FfRIC & > T& sl
FWNICHMBFOHA L=y &AL, SIMD X & MIMD XD 7 —¥% 727 F ¥ Uz
R3S MR 2 ET AR RS AT LI L. 20O ETT ZEGQUHICEDE T
SIMD ARDEWERE ) &, MIMD S50 Zi 2 T % BIRT 2 2 L 8 T& 5. &
FrEfT> 7 F Yy TREXRGHENEZE T2 Y 2V 7 4 X 2 7 7OVIBHGRBEREEE O —ZO0 T O RBEIEREE 2T DD TH 5.
SRETEAR : 3 AHBLE, 4 AFKRE BEPY—JL : Synopsys ft: DesignCompiler, Cadence #: Encounter, Cadence #t Vir-
tuoso, Mentortk Calibre ~Z>IJZ&#0:100,000 Fk HEZ> @ v—2 CMOSO0. 18um 5. 0mm &5 v 7 Fv Fi@hl : 77
ur/ 7YY NEEAE T O v




RFID @I EE&EF v 7

SRRFIFHEAREHARE  FEFZFX

SRRFITFE AR fE—, Bl =S, A #H—, bl &EX

BME : RilfEFy 71k, P 3 EEZHRE L LS #itary 72 TR LE
13.56 MHz #f RFID % #[m# &, UHF 4 RFID &\ 7oy 7 oMHED TH 5.
13. 56MHz 4 RFID (& fERGFFEIC X W BB L, 228l CBFE L AT 0
& L7z, BRI IEERERE 2 AH L v s, BifEER & LT, ESiFE CMOS % Hw i
A Y N—=FEPFEEL 0B, BIRAEIIIER 28EPHRTE S0 7d, £ v X—F 1%
PIal—va vt HEIEERESE SN, UHFH# RFID IZOWCIZEKR ey 2T
» Y, RF/DC &M - BEH T - Gt ol nsg. KRKZERARICLHE
TIBEE L, B2 %%, WO X v 33 108 2 NELBIc p ik BN 26T 2 DT
b 5. BIREEMS, BEMERZ EHME LG - SME2fTo %, Y7oy 7Bl T
&, AL R — FERE T, EBRIREE RS TH 5.

SEICER - £, DB, B, U, ERe =g ) v ET Ry v TR vy g S oK, IEICE S£/ENEgTZES (2007)
ERETHART 1 10 AHLLE  585tw—IJL @ Cadence #: Analog Artist, Mentor #: Calibre ~SYIZ&#0: 1,000 I, 10,000 i
HES Y m—24 CMOSO. 18um 2.5mm 4 F v 7 F v FHERI : 2 Dfil

BrERIIRR b T2 Y A9 REBEKEZE AW NS E

BEEEMLKRERERTEAT 4 ER, LA BEE, FET

BEE : WIBOS A b T v Y A Y SRR & o 2 BB O BIERER. BIEARLE I 2560
H B £ pal2n DR E & U L 7z paldn OBEIERERR & L T, paldn Hifk, Bi{EIZIEL 5
S5NTWV3, HillDL A 7Y b THHICI ADH 7D TEDBIEMRTH % cpal THEHL
SN 2bit MENEE. LOLATD T A BB L TR BEaBH 27D TRTDO,NY
— Y TREERZIERTE T, paldn Z A L 2 AR ICE W THEEO AT DL A
T EDIADD L. BB OEEEHREH oM. AJT7 A4V TRELTWS v
LAT7I b FDIADHD, IELVEERZE S TWR, 7y FHEEE LT paldn % H\w» 7z
Abit DINEERE. LA 77 DI 2235 ) IER REIENE S s,

SRETHARE 6 AHLL L, 7T AHAM 3%5tY—IJL : Cadence #f: Virtuoso, Mentor #: Cali-
bre MZYIZRZE:100L4E, 1,000 K4 HEFY @ v—2 CMOSO0. 18um 2. 5mm £
Fv 7 Fy7iER  HENEE GEELN, REMSLLY)

ASTLAN AR A AL SRR R AT F LA RS

TLAREUA ALl ELL NS P L E b True

PLL EIR& D= DEFROIE

BANINKEXRZRIEHAFTR et thF

BANIRKEIZY % ER

BE : KT v 7IEANEEE IMHz, 1A #% 100MHz T&% % PLL R %2R T % 72 &
DEFNH W=7 74 V02DZFL) 2L bDTH 5. FHL ERRIHKIZ,
VCO Qi) , MHHEIRE IOV =T 74 V¥4 vy —7 2 — R QFEEH LU/
00 Dy f#ETH 2. VCO IZHIFETELAVDD/2 (=0.9V) THIRMIELEHS 100MHz & 7 3
X 9 1Iz#E & 7z Current-Starved B & Source-Coupled Bio> 2 M, b Higdn ix
XORM & D-FF Z H\ 7l D 2T, ZNENUIN—T 74 NZEDA VT —T 2 —
A & LT 3-State [Aljgg & Charge-Pump [RIE& % 6t L TdH 5. iR 1Z VCO DFEHE 4
Z1/100 0 IMHz 23T 27 00N TH 5. ZhsDREdH b, 3¢ Current-
Starved B VCO 2 M\ 7= MBS DFHMi2HE T L T %43, &2 ab—v a3 v KD b IR
BOMEL, HNZ R THh 5.

ERETHEAR - 2 AHLLE, 3AHRM |EHY—JU : Cadence #t Virtuoso, Synopsys #t: Star-HSPICE, Cadence #: Dracula LPE,
Cadence # Dracula DRC, Mentor 4 Calibre, Mentor # CalibrexRC IS I X 7% : 100 L, 1,000:4K5 SHEZY i v—
24 CMOS 0. 18um 2. 5mm f§F v 7 Fv 7§l : 7+ v/ (PLL, A-D/DC-DCay "= &)

RS E ARSIV REE SRR RO R R R

O T

—
w
©

EESIANACES (I Nk

Hi
3ad

Of



N
o

DR EIN e W IR

0.6VENMESIAB Y 1 F v /LY VERGKHMR7ZFOT 711l
EFRMAZAEREZRTIEZMARR EH—F

ERRMNERETEE A M+

BE :0.6VOEKFELETT8IAB LIAWF A+ 3y 7L vy (DR) 2ET % 5 XA
74 VY ERRMEL o, (KEEEERRE R R 7 F XA VAT E 4 F 2 v 734 7 A$
x5 ECADREEBTZIENTES, TD7 1)V 2 1, BFRCIRELTION
L Ciith % & D RAMEEF AR RIS F o —= v V26 L, »wind 0.6V CHEfE
THETHS, v FAL VAREACTOS 2 6B AR I I YBERIN, FEHICR
T BB M o 7. BIFBEIL & FOM oBlLih o, ERRINELTFa 740
S LML 2 A, HPUREMEREZER L 72,

SE XM : 1. Akita, K. Wada, and Y. Tadokoro, ~~Simplified Low-Voltage CMOS
Syllabic Companding Log Domain Filter, ” in Proc. 2007 IEEE Int. Symp. Circuits and
Systems, pp.2244-2247, May. 2007.

ERETHAM 3 AHDLLE, 4 AARKN REHY—JIL : Cadence #: Virtuoso, Mentor #: Calibre ~Z Y Y X7#: 1,000 B L,
10,000 A& BEZ > 1 m—24 CMOS 0. 18um 2. 5mm ¥ v 7 Fyv 7f&@Rl : 79w (PLL, A-D/DC-DCa v =27k L)

IALELEELE S ELE PR SO T Y o

RFHEDILD D Z{ER L I BREARRFRER 7 « LY & TEG
EERMRRRERERTEHRER AR B—

EERMRERETHE A M+

BEE - BBV SN D 7 4 VY IZRETH 2 720, FERDOBRENETIEHETFHED
IR WREL D, WHEORMED & HEBHETH 2. KHFATIEIEFEDILED %
Kk L CRIEBEZ SO 2 HEZHBH L TVE, 74071 3ROEBER7 + L7 %
V=7 70y 7y Ial—va vy S RIEEARL 72, 6 XROFE@E®7 « vy 2w
FFEIL, BENT LT XL 2O TEFHEDIED ) NS WllAGDOE ZRRKRT 5.
BEL IR, EROBGHETIEHEFEDILHD 313000572 5 DIk L, @EHTLT
VALEHWEZET2T00 5 EFCERIKT 22 LN TEL I LEMERL TS, Eik, |
OTADIREA VY 7 ¥ v ADKERftiL 72 57-®, Nauta® OTARIE [1] %M k———— =
SWEMKLTOS,  BFHERD 7 01D 10, SMHz, 3dB ki 300kHz o
20db 5l 600kHz OFitE 2§ 2 HedoiE 7 4 V2 23 EL T3, F/, &GS E, #FHETEG bEKRL Tw3

2Z@ER © [1] Bram Nauta, "CMOS Transconductance-C Filter Technique for Very High Frequencies”, IEEE J. Solid-
State Circuits, vol 27, no.2, Feb. 1992.

ERETHARD : 3 AHBLE, 4 AHENM 5V —JL @ Cadence %k Virtuoso, Mentor #k: Calibre ~S>YYZ&#: 1,000 M I,
10,000 £j% BHEZ> - vw—2 CMOSO0. 18um 2.5mm 5 v 7 Fy 7Rl : 77w/ (PLL, A-D/DC-DCav =47 L)

N N Ry

=R BEERETEF Y 7

HERZRZRERNEZMRE KBTS

HRRFERZRILZMAER XHE

BE AR 7V — 7 Cld, BEHEEARICE L Z-EHE - (RSB % T v TTEEE R

DEFZHBEL TS, ZOWEEHK I LFLULERESZHVE v RAIvF L

BANA v E=F VARV arN—F9 %zl — NIk DIBREN, F74 78

HDOEIDFZICE DSy IV E Y MEZTEET A I LTy IV ray 7Y AN #2417
I, ABREF v FTik 2 oMbz #E - L, Ty THTO T YT ok
BAEl e OB ERGEZ HINE L CTw3, 7R M F v ZI§HIiEATH D, 625Mbps 7—#

BIEIRFIZ BT 3mW OB BRI %@ L 7.

SZEXHK : "A Low-Power Current-Mode Tranceiver with Simultaneous Data and

Clock Transmission at 625 Mb/s, 3 mW in 1.5 V for Mobile Applications, " T. Ogino,

T. Yoshikawa, M. Nagata, in Proc. IEEE Asian Solid-State Circuits Conf. 2007, pp. 160-163, Nov. 2007.

EREHHART 1 AHBLE, 2 ABk 885t —JL @ SIT#E: SX9000, Synopsys #l: Star-HSPICE, Cadence #l: Diva, Cadence #l: Ana-

log Artist, Mentor #: Calibre ~Z>Y 7% :1,000LL L, 10,000 £j HEZ> : v—24 CMOS 0. 18um 2. 5mm &5 v 7

Fv 78R S (RF[lEg, ATM & &)




4EY NYILFARALYFoy70CYY

BREEXRFEREEY AT LHAER AREZ ¥ FzrIT

BME 6HOAL Y FZERAKLHAELZ64E Y P ARLTFA 2T A2LF ALY K70
Yy YO 7o, N—=N—FT7—FT77F % T, I28EY FD@FFrvaxXEy
ANDF=FNRAL, AE Y FDF—F X ¥ v aDF—=INZA%FD. ity MIE
T, 45y PO E3 DNy 7 LTIEY MCEHTS. ¥ v vy adomald
NMmFFMPEIN, Foa—ICANGNE. TROASL 774 VEET, i 72y 55
2EL AT a—FWE, LY AYEUSD 1B, FATM2E, 24 PNy D1 BTH 5.
FTEY 2 —iE, v—F/ZX 7, ALU SRS, WKEY 22—, 7509 7T, Thoz
DALY R 27§ 5. EITEY2a— NV E2HHT2AL Yy FOBEEIZZ Y7y FuE
VOHERS T 3. £7:, Bmrficid Predicate LY A R EBHT 274 — L ERH Y, BR%
@ Predicate LY 2% 230 72 6 IFar I3 E T I e o KfETE, @A > o —if OB
ERZ AL, NEICF v v P 2 HOL PRI ZEE, v v a2 LIHELEDIO X TRTS Y 7T %,

SE MR : Chengjie Zang, Shigeki Imai, and Shinji Kimura, "Issue Mechanism for Embedded Simultaneous Multithreading
Processor, "The 20th Workshop on Circuits and Systems in Karuizawa (KARUIZAWA-2007) , pp.325-330, Apr. 2007.
ERETEARE - 2 AALLE, 3 AHKNG SREHY—IL @ Synopsys £k VCS, Synopsys #: DesignCompiler, Synopsys #: Astro, Men-
tor tl: Calibre ~Z>IZX &% : 10,000 LAk, 100,000 A% FHEZ> 1 v—2 CMOSO0.18um 5. 0mm 5 v 7 Fv Fi&ERl : =
fru7uaxyy

Switched Current Eli&IC & 3 55 0RO

IMEXRFETEE I &, Bl &5A

BWE . RICRAA vy F FAL v FRIEEOEAEEOMRZEHMIT 2 TEG TH 5. A
AvFFHLY FEEIZ, BHZBEICL2 ALy FRXF 302D L) LEIEER T 20
BThs, BEEMEREE LT, AL v FHRFDFrRNLF =P avickdil
EHTOMEPFEAET 5. ShlofEcid, MEEmE & BEOBR. 512k, BER L
DoMWMD Z HEE Lz, £7, Fr3FLFr—VA P77 av
DWERE AL, ROBERNLBROBEETAL v FETDI AL X2 0L EY TG
L, HIBEZEOREI LOMRE A, ZOME, HEHRICLXZ2HEMBL D & —KL BER
BoNB I LRMERTEL, S50, FYralFr—UA P27y 3 VRO 7DDl
BAEMIML 72 TEG b/EK L. ZoREEEFECEED Y I —Rikz2ES, HhiEnso
HEREDIETHEERDZF vyt 5, ZORETIFEARRBICHN, 1/3FEDM:E
WIS T ZEDTRER Z &b o,

TR EEL LA EIAEEARD TYETEL v

ELEHHARS : 2 AALLE, 3 AHKE 2|V —JL : Cadence #: Virtuoso, Mentor#: Calibre KSYIZR&%: 1080, 100 A 141
BfES> : m—2 CMOSO0. 18ym 2.5mm 35 7 Fv 78 : 7912 (PLL, A-D/DC-DC 23 3= %4 &) =

2

=

F

W

OB RY NIV VAT LDEZEICOEHE RO1806_3 =7
HRIZERPETIFMERN BAREE, BHEE GEHEE —IFLRALTF17Y, B

= E ;’E

BME: 2 ¥ 2y b7 =23 27 LDOERZEICOREZRTT- 7. 2 2 Tl&, 300MHz D JfF =3

BEOT 2 WA L LT, SHFAEOME IR 2 W Tw 5. K X7 A TIE, BPSKZE
FAEHWT2.5kbps Z HEEE LT D, MEHEI NI WF A LI bavyy—Ya v iR
ERALCOS. #E7uy 7Tl v I oD ANBEEZT7Fur-F 4 Py VAL,
PrAHFEIHENS & 7 4 2 2 VRl E W CERZT O, A7 =7 v 7 THAB I O L%
WMWK ZT> T s, MAHREBIEE (PLL) & 7w 7-74 27 VAR, HES
NVl TELDIL, ZNFNF v —Y R 7RIPLL &£ 10bitoy 4 7Y v 7EIADC %
HoTws. ZE70y 7T, 7v 7202 E LGS 2 RMEHER CHMIEL, 7
ay 77Y F5F—=29Ah)EE (CDR) ZHWTTF—2%ZHELTw%. CDR X 2[R
%, 125788 E D-7 0y 770y 7% A TS h, MHRBREE %2 w72 CDR & H L ¢, RIHE S TRET & 2 D3R
Th5.

ERETHAR - 10 AAMLE 2|EHY—IL @ Cadence #k: Verilog-XL, Synopsys £t DesignCompiler, Synopsys £t Astro, Cadence %t
Virtuoso, Synopsys £k Star—-HSPICE, Cadence % Dracula DRC, Cadence %k Diva, Mentor #: Calibre, Mentor %k Cali-
brexRC ~ZYIX5% 110,000 L4 1, 100,000 &% HEZ> @ v—2 CMOSO0.18um 2. 5mm 15 v 7 F v FiERl : {3

(RF [, ATM 7% &)

TTCTER A LA VLA ARl ER R TR L

Tunen



I
N

DR EIN e W IR

FPFAJFINA Al TEG

ERIEAFEIPHER ERE ROKE, WER

BE : 7 u BRI & 5T, T8 ARHEZ Q5 LA 5 2 023 oMt % oA
T5. BT 7t 20, #RINTLRWEEL MV 2 EIEEERE 2179 54,
TEG ZER LENT 2080 H 5. 2 T TARTEG TRIERNZ Ay S TFNL ZE TV
PRI DR ERERTE. NRELTRA VI I IDA VT 77 ZEHQME, F o3P R¥
DERFEDOHERE, A R—F + 7 VP 25 OFREOINE, KD A<y F2HWET S D
DTHB. TDEIICHRERE TN TZORVD, RN RREZ EBEOF—2 & LTH
B7Icis TEG 2HiZ 7. 2N Z207aR 2B TESEHGT SN B REP
AT LOWRERED VEDSEMLET S

ERETHAM 1 0.5 AALLE, 1 AHAGM E&EHY—JL @ Cadence #: Virtuoso, Mentor £ Ca-
libre rSYYR&ZE 100 E, 10045 HMEF>Y : v—2 CMOS 0. 18um 5. 0mm £
Fv 7 FyFER  TEG (Bl &)

7115

RRIERFRFRETFHAER ERE, RO LE, WERE

BE : MRNERES AT LIBT3 R=ZANY F 74 VY DIERZHNE L TWS. 74 L%
%Y 2 R B OBEN T B Iz, Sy ¥ TN ABICARORHE 2 @A T
BT EDBRBEICR D, FDRDY I 2L — a vy EirTa L TEG 2/ L &l S [k o
FEMEZ R L 2 < TlE o %, 74 V¥ THARTEG Tld gm L& w2 Gm-C 7 4 v
I THBH. BB 4 LY EHRLTE) gm 2B TEAMELZAET 2. gm kL
EHHET L Al v E— S v 2O THERL TS, S5 ICETBRENMRNI Y —7 4
WY ERIICLTREdY v A L—F 2 HBELITEO RN 2B w5, ATEGIZ &
DF2—oV Ly PRERL, Ly Y% BB T 2O BRSBTIC % 5.
ERETHAM 1 0.5 AHLLE, 1 AHARGM  2&EHY—JL @ Cadence #: Virtuoso, Mentor £t Ca-
libre *SYYR&ZH 100 LLE, 1,000 ki HESY :v—24 CMOS 0.18um
2.5mmfF vy 7 Fy7ERl: 70y (PLL, A-D/DC-DCavN—%k¥)

RKI—=F727

RRIERFRFRETFHAER R&E BB K ROLE, WWERB

BE  ERERICE VTR T Z oK R BRI ZERIER LICH 5. EEKD EHE
BEFDIBLD1IDTH 7 =T 7B LTI TNA RAKET 20030 D, etz K
HEIZLTw3. L2 LEEEICEVLTAAY =7 ¥ 7OMRINEEMREREI T 2. &5
WEZE RO IC 2T 2854, 7 —T7 v 7OWEEF v 7RIEDHHICKE ki
2525, 20O =T V7T OERMEKFHIRDPT I EOHREVEDERS>TWS. 2
ZCTATEG I%, BlueTooth, Zigbee icfiE&EI N5 2.4CGHz %2 2D 7 7V r—vav ik
L, %2 EZ ABRHT —7 v 702757 L LATEGTIREEEE T8
T—%B3ICEE TR VD, Y Ial—a v EEMOEETET S 2 L —DDIE
Tbdhb.

ERSTHARE © 0.5 AHBLE, 1 AHRM 5REHY—IJL : Cadence ¢t Virtuoso, Mentor #k Ca-

libre bZYIZFEH 10080 L, 1,00040 HEZ> @ v—24 CMOSO. 18um 2.5mm 5 v 77 Fv F&R : i (RF [,

ATM 72 &)




7raJ - FIYNEKRE

RRIEXRFAZFRIETZMER B &, EF Eth, 28l k&, WER

BE  EEEC AT AICBWTADCR TP ZILET7 T/ ORGE L % 5 EELEET
b5, ERBECATLICEWTADCOAEME Y FET7 4 VY DRI KELHETDH
3. RTEG T 84 794 B ADC 2fE L Tw3. 2D ADC i3 Hif7 2 o] #%
(stage) ZMftMiiEmRT 2 2 L RSN, 2R ZFNdDstagelFOP 7 7, av L —7%,
¥y vy, ALy FTHERINTED, ZOMWEEIZOP 7 FHEKIC L D IZIFRES N
5. ZO0P 7Yy 7T W74 = NVTFY FARA—=—F25A Y7 —AMTBRE LK. £/
1.5bit LEMKZ VT, ¥+ U 7L — a3 VHIZ2DitHL) HE 2R & > Tw 3. HH
JHTEG Tb % 7z OFALERCHES M IIH L 2.

SRETHAR 1 AHMLE, 2 AHAR 3%5tW—IJL 1 Cadence #f: Virtuoso, Mentor #: Cali-
bre MZYIYZRFZE 10004 E, 1,0004% HEFY : v—2 CMOSO0. 18um 2. 5mm £
Fv 7 FyIER: 7+us (PLL, A-D/DC-DCav N N—%k¥)

PLL

RRIFEXRZFAZRETZMER 8 BAZE, Chaivipas Win, 2% &, #E 18

BEE © AR o9 2 Ed e/ L, IREEIML, (R 4 A{E~DERIZE T ETmE >
TEDH, UWB % Bluetooth2 7 EDHT L WEMRHK O HINTW5. FRCPLLY Y24 4
P13 ZDHERIZEZ S5 L) REENTEE, (K 4 A ThEH»Donchip (M) 7]
HBRbDTHILENHS. PLLY VYA F—ZATDEIC Lock T2 EFTRESE
LT 22T & ANIZLock LTWALEMDE o7 e 2 2HBEDINENTFET 5.
NENORBICHOE L ZE2 T 212 b L—FA 7BRICH D, —DDN—7THlfT 5 72
D EHALR/NESE, K A X2 R ICT 2. 72 2 TATEG 3 ¥ 7 2285 % five 72 PLL &
VEH A= LTED, TAY B RICLDEIEL T3

SRETHARE 1 AHLLE, 2 AHAR 3%5tW—IJL : Cadence #f: Virtuoso, Mentor #: Cali-
bre FZYIZXFZE 1000 L, 1,000 K6 HEZ> :v—2 CMOSO0. 18um 2. 5mm £
Fv 7 FyITHER: 7F+us (PLL, A-D/DC-DCayv =% ¥)

7%v> a1 ADCEE7FOJ/EBKRIERFY 7

EERBAPEBTSE HE —R, €k K, PEHE

BE  AETIR, 70/ E52F YT 200 TEERE L. SEIE7—% 7
PF B INERERTH B 75 v 2B ADC it #1T- 7-. K Z 4bit, ThitD b D
EHET LI S5 a v AL —FHEDIPZERL, 77w - FYYVEEMIC 2 e
LCVCOZHEARL LTV H VML L 7. R TP 7 VR TERINT ) £ X
TESH—#A Lo 7 v ZRIEEEN mi$ 2 2K ) 4 AoREEREET % 2 & 24E L .
I L7253, 2 v L — ¥ A ToOEIfEICE T 100mV BREOREEAENELC T L E -
7o TORJEIE Sy r =Y &N F v TTHUE LGB0, X7 Fy 7OMEEITI Z L
THAFEMVICHIZ 2 2 e TE. TOit DO ADC2ET % L I 64 5 HERKD
7Ty aTy THSEOMETH 5.

ERETHART 4 AHDLE, 5 AR REHY—IJL @ Cadence 4k Virtuoso, Cadence %k

Analog Artist, Mentor fk: Calibre ~ZYIJZXFZ# : 1,000 E, 10,000 K5 HIEZF> :

7 Fy 7Rl : 7w/ (PLL, A-D/DC-DCay =47 L)

o —2 CMOS 0. 18pm 2. 5mm & F v

N
w

EESIANACES (I Nk
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B
N

DR EIN e W IR

BEHEENZBMN E LcHEEIRRTZ SRAMEROREF Y7
EREIRFET I g 153, hEF EE

B ARMEIZ N Y 7L 2 VINICER L 7 SRAM @ Y — 28, RWND Y = VBN %
M2 & TEREEENLZHIBL TOWS., FEEICIZER AL 7 28Rk T
MOS OBIEEFEZE T, S6ICFLA vy —AMEBEZBEAS I, X2V LVHDY —7
B E D S HEEEB ML E2ITo TV 5. 2, BRI N A 7 2ARIHIC X -
TMOS DHfEEEZL N, FLA vy —ARMEEZRNE &, MOS OREI % LIF8Eh{E
HWEAM LI Tw5. KEFETIEID L) % SRAM L —2—2DEERIRIET 5 72D
IZ SRAM )V Hifk & H ZIARRK & FiAA M EZER L Tw 5. 7, BIfEMREEZ1T 9
7D TNy 7R MR % 1T 9 7 OIS 2 B L 2 Mg b R L 7.

SRETEAR 1 2 AHLLE, 3 AHANE 8|5 —JL : Cadence # Virtuoso, Cadence #t
Analog Artist, Mentor £k Calibre FZYI X% 10080 E, 1,000 A5 SHIEZ> :nm
—24 CMOS 0. 18um 2. 5mm 45 v 7° Fv FHEhl : x €Y

0.18 um CMOS ASIC

RRARZIZMRFHERER A A, BRE S5 %
HRAZIZPHNAAIVIZFPUVIER BERER

BEZE : We have been designing ASIC chips with 0. 18 um Rohm CMOS process since
2006 September. Our purpose is to use ASIC for front-end electronics of nuclear

N N N N NN

measurement and imaging such position emission tomography (PET) . Four chips
have been submitted by now and all of them are shared by several colleagues in my
laboratory. In September 2006, I have designed a charge sensitive preamplifier in
the first chip. The preamplifier has used both NMOS and PMOS transistors as well
as capacitors. The function of this charge sensitive preamplifier is to convert

charge signal to voltage signal while noise performance and response speed are the

I O OO

key factors. Later in November 2006, we have submitted another ASIC chip. In this

chip, I have implemented variable gain amplifier (VGA) and digital to analog converter (DAC) , both of which re-
quires large value resistors and switch. I have adopted N-well resistor for the simple layout and NMOS transistor as the
switch. In March 2007, we have designed another chip. At this time, we have mainly fixed the design and layout mistakes
of the first 2 chips. I have revised the charge sensitive preamplifier with NMOS capacitor and VGA with poly resistors.
Meanwhile, [ have added various resistors to test their characteristics especially linearity. Last submission was in 2007
October, I have revised the charge sensitive preamplifier again to include an internal bias circuit. This design is close to
prototype design. Right now, we are testing all chips we have received. We look forward to implementing a full mixed
signal ASIC chip for our application soon.

ERETHAR - 0.5 AALLLE, 1 AHRNM 5&EHY—JL : Cadence #k: Verilog-XL, Cadence #: Virtuoso, Synopsys #l: Star-HSPICE,
Mentor : Calibre ~ZYIY &% : 1004 E, 100K SHEZ> i v—2 CMOSO0. 18um 2.5mm fAF v 7 Fy /@Rl 75 n
T T I NME TR T 0k v



F19FEE1EA—L CMOS 0.18umEt1{E
(RO18071)

(&5 > Z5Fl, BEAR/N 7 A5l TEG D2

RPRLBHRAARR B R¥, FHBE, W, NFF FE

RPRZIZH A8

BE  LH0) v A L= 2ERL, 2N NORIREEEROLEE) %2 WET 2 A,
WNA T AZEMZ S Z &T, BEREEZZLIE, 62 OHIEZIT% ) Mk 2 %
B L7 BEL e VOREN), e VoORBREELEI L)Y I YL —F R —DDv IR
&L, Z0~=27uz 110D 7 L ARICHE L TUXS D ZDOMEZIT42 9 . HRANA 7RI
X 2136 DFHHENEE T, EREMNZHBETE2 Yo vary 7 P ETOBEICED, 2L
DEWEREN ED X HICLT 2002 ETZ I L2 —2DOHNE LT3, BIERICT
=777 LT =2 DI0 DFHTDAHEANEZT, EFICIO v VROAEND X9
L7, 7 A OFER, IEEEIEZHERL 7.

ERETHARD : 1 AHBIE, 2 AR 5&FHY—JL @ Cadence # Verilog-XL, Synopsys#t
DesignCompiler, Synopsys #l: Astro, Cadence % Virtuoso, Synopsys fl: Star-HSPICE, Mentor #l: Calibre ;Z>Y3J X%
#:100,000 0k HESY : m—24 CMOSO. 18um 2.56mm 5 v 7 Fv 7RI : TEG (RptkEaHiimRg 4 &)

i
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I
o

DR EIN e W IR

TR 9FEE2EO—L CMOS 0.18umitfE
(RO18072)

LB O B
RRKZEVDEC ZE®
BE : LSI 8 A OAETRICA R AT ISk 51270, ZOREWPEBEIC K> TETWL
3. R, BEEWMS Ry P72 2B GHEB I N2 HLAIE, BEEfiick>TZzoN
ReHEIHICHONBOE )T ERENH 2. BT LTV XLIIIRR B FEBH 5
M, BT RHEFEL LT RE L) SBBRNEICES. Thbb, £ED L) RBERIGS
TNITYZALTH->TH, ZOHEERT 21 L & 2E8LBHHN R b DTHIUR, 15X
onTlL ). FHATRZ ZERO/ONE 05 % FAE 3, 2z b Lic#iziEd
08N H 5. REEETlE, BFEMO—EHETH LELBFEENICBEL T, FPI VYRS
DOHETEMSE - > av b A X 1/f 74 XZWIEIE 5 2 LT, YHAARERENZ B
L, zhz—ERloray 709y F 332 LIk VElEzERELTwE. ZoNEE b
BB Z eIk, Twhite; % ZERO/ONE Ofliz sk ¢, BERK S 27 L %1H
BTBZE2HNELTVS
SRSTHARG : 1 AHBLE, 2 AHRiE &5V —JL @ Cadence #: Virtuoso, Synopsys #: Star-HSPICE, Cadence #: Analog Artist,
Mentor ft: Calibre ~ZYIX&%# 10041, 1,000 K4 HIEZ> : v—24 CMOSO0.18um 2.5mm A& v 7 Fv 7i&Ehl : TEG
(REMERTAMG RS 72 &)

A AXA=ItVHYTEG

RRERKEITEE B B

BE: INEFTOTRLAD7 4 ¥ A A —FE180nm 7R AD 7 + ¥4 A —F%k
BT 27012, SEIERLAYEHACE7 4 M A A — FPHBEZ LIS 7 4 P& A
F—F, £, WEERMNZEDIEIELE 7 R VAIBEMERL 2. BT 24137 4 +
YA F— FOREPHERE, 72 VOKIcE T2 ) &y MEORM A TOBEEEL
A7) 2y FEEICHT 2RM AN TOEEZ(LETH L. N2 METH I LICK
D, EDLAXYTEDEEDL —FICb o L BEE L 7 4 ¥ A A — FBRIGT 2 0% T
DL EBHKL. FRMELLZT7 4 T A A= FORMED S I EF TOMBRETIES N
AR — b A=Y I DEIETXEME, fHTE 2R ZENTE, XEILED R <
— b A X =k v ERITETD.

EGETHAM - 0.5 AHDLE, 1 AARH 8&EHY—JL @ Cadence £ Virtuoso, Synopsys %k
Star-HSPICE, Mentor fI: Calibre ~Z>IZX&#: 1000 E, 1,000 A5G HEZ> @ v—24 CMOSO0. 18um 2. 5mm 5 v 7°
Fy TR : A A=Y/ A=ty

T

CMOS IMAGE SENSOR FOR AMBIENT LIGHT SUPPRESSION BY
MEANS OF CURRENT - MODE PIXEL CIRCUIT

HRAZFIZRMAER  BASCICaner

BE: ZoFy 7, FLOERE— FEFOUBREKEZ M A 7 CMOSA X =Yk v %
AEL7 b DTH 5. SBUINTEZ O ZR0HROIREICE W T, IEBREICE T 51
FHPE DB 5 — PRICKIZTHEEE ZIRET 2 2 LICL D, HZ LB TOR
e, MEOF VY — PR TOIREZIT ) EVARRICE 5. HEDGOBREIFZA X —
LYY DOET L VHBNTLIEZ L E R E LT Thbi, 2OCMOSA A=Y v+ 0
FRETH 5 256 X256 DR TDOE 7 2 VEIKIE, 7 4 F &4 F — F s sOeER %2
FET AL v FRIA LY P AR —, BHRE, ER-EEERMREHLI 0S¥
Sal—varvEfiokiRick s L, HROGEREZEET AL Y M AT Y —OREFE
F IS TH D, EEEDFROEMF DG AITIF 9%, EDOZIETRENTRETH 2 2 & Z 1
ALl Fe, TOA A=Yy OEENEREDMER%Z T SBR (Signal to background Ratio) 12-32dBT& b, BEfED Mk
BREZ R 7oA A =P v LD b ENIMREZ R L T 5.

ERETEAM - 1 AAMLE, 2 AHKI  $/EHY—JL : Cadence #: Verilog-XL, Synopsys #k: Astro, Cadence #: Virtuoso, Sy-
nopsys #t Star—-HSPICE, Mentor 4k Calibre b3S Z%%:100,000 0k H#EZ> 1 v—24 CMOS 0. 18um 5. 0mm £ F v
7 FYTER A A=Y Y/ A=Y




475V, 1£5 D5, Eik/\N 7 X5l TEG

RERZEHRFARE B R¥, FH BZ, W R, NEFF HE

REBBRZIZER WEF HREA

BE: SBOV v I AT L—F 28R, 2N NOFIRMEBOLE %2 HE T 2 R,
BoSA 7 RAEMA S Z T, BfEREL2ZL IS, £ DZDMIERTTR D B ZERH L 7.
ZNSIMAT, MFEESMELZICb22b o T, O VOLREETEEL ko774
77 URGEEEENE LML EIRL 72, B, VoS ), v Vo EEE LY
VIFv L= E—oDerntl, 2O 7uk 5xI0DT7 LARICHEL TES2EFD
WEZT% ). BoSA 7 22 & 21365 EHIEMEE TR, BiEM 2z HI# T2 7 2 1va v
YU FETOHBICED, RLVOBBRENED L) ICBLT 20052 MET LI LE D
DHIE LTS, 7 A FOFER, MEASRIEEL 2w b 00, IMFEFEIFEZHRL .
EGETHAR - 1 AHDLE, 2 AHRME EREPY—IL @ Cadence #f Verilog-XL, Synopsys #k:
DesignCompiler, Synopsys ft Astro, Cadence fk Virtuoso, Synopsys ft: Star-HSPICE, Mentor #: Calibre ~ZYI X%
#¥:100,000 4k HESY : m—24 CMOSO. 18um 2.5mm 4 F v 7 Fv 7RI : TEG (RebkaFmimlg 2 &)

RIBEEEEE UTCEMES 2 XEVD7OMNY 1 7585
EEMIRZRERISHERZHAIR =R B, T B, /)l —&, sAhEX
BEE © 3R4E, WRIA WO TR ETw 3 FPGA (Field Programmable Logic Device)
BETRO P RFERBEHET AL 2 ELTA®Y RX—2HHEE (MPLD) 2% L
7. MPLD i LUT (Look-Up Table) , A4 v F{E%5, A€V & L CH¥ET 2 MLUT %
FEAREFE L, BB L7724 MLUT ZAHA B L TS s, Zofic kb, ek
FPGAICB W CHIO K% H0 2 A4 v FEENARFEL %2, MPLDIZav 74X a2
L= aviZBOLTZDHEPEHO AT ) ~OHZ AR L FKL-oEEza v
74X 2L —vavBEZEHAL, FICHIHBRENCBERL T RHEEZ -
MPLD D #li % 3Fli % 4T 9 7z dic 7’0 k¥ 4 TIOEEIT -

SENB ¢ HEBE, PIES, /)%, AR, EREIESE, T ERE TN 2L LT
bEET 2 2EY (MPLD) —FEf (Var 74X+ 57A7—%72F%1) 7, &
FEEEE A BT i Y RECONF2007-16, pp. 7-12, 2007 4

SRSHEARD : 3 AHDLE, 4 AHAM 5BE0Y—JL : Cadence #k: Virtuoso, Synopsys tk: Star-HSPICE, Mentor #: Calibre k35 147
JZZE 100,000 E HEFY vw—2 CMOSO0.18um 2.5mm M F v 7° Fy 7@l =2 —77 /0¥ /5:%-
2
=
F
v
BrERNERR & HEEHIEREEEXAE)DFI—Y Z
BREENMAZAERIZNE  4£HEE LEHBES, ZIET %
BE : SFQ/CMOS v A7 LD XA EYHO T a— YR, FEEORY T4 v THIC &
RKEVRY FHRDF6NT05. X7 F v 7P TREEOMEENI TV S, WEWW SR 5 &=

VPR FERMIE A T 2 R O B MEfERR. paldn & capl TH BN & N7z 2bit MR,
i ETOLA 77 FD I AR TRTELEIN, IEFE{EDOHEREBIN TS, HEEIH
& ORBUEERIEE AR L D b BRI Tk H WEINREIEE O 4 AJ7and 7 — F 53%9 4000 7
—FDOE¥SENT WA, paldn % 7 v F & L TH W7 4bit INE . 4 F T D 4bit N EEE A
DLATI DI ZARBEINTVS. 7 v F ORI oI HINOEIERI LTI
FfEL TR OMEETIRBIEERSTE TV .

SZETHARE 6 AHLLE, 7T AHAM 3%5tY—IJL : Cadence #f: Virtuoso, Mentor #: Cali-
bre FZYIXFZE:100L0 L, 1,000 K6 HEZ> :v—24 CMOSO0. 18pum 2. 5mm £
Fv 7 Fy7iER  HENEE GEELS, REMSRLY)




1N
0o

ISR W TN

EERET Y v 770y JREEAGRE

REAFRHRETERARE FEE 2 —BB, RH 1E—

WE: 4 v 27— ICRT 302 ED 2 7Y v 770y 7OEERGEEA . Frk
MDIXSDE, BIfFBREEOEE) 4% £ &k > THBEUH OB THRAE T 2 Wik H 2, WK
TRBYE - SN TBAE < RIEIN 7 ) A4 R X ARRENER S X aiREifER I L B EBE T
25957V y 77y TREE - EE L A7 Yy T 7ay T, BEOTIY Y T
0y FICMAT, EEPERT 254 v 72 BT 2L, ZrUciEou g, BEfEH%
BT DATIT— Y DIRFFEMEE T 294 SV V2T BB EIA 5. KFv 7
IiE, M7 Yy T 7ay TREOEFHZEMN oM E, %7V vy 77ay 77— 24
59 2 70 DR ERE R 2 F L T 5.

SZ3@ : K. Hirose, Y. Manzawa, M. Goshima, and S. Sakai "Delay-Compensa-
tion Flip-Flop with In-situ Error Monitoring for Low-Power and Timing-Error-Toler-
ant Circuit Design"JJAP, Vol.47, No. 42008

SRETHAR : 1 AADIE, 2 AR F|EHY—JL @ Cadence #k: Virtuoso, Synopsys £t Cosmos, Synopsys #k: Star-HSPICE,
Mentor #: Calibre ;3 I X% % 10,000 M £, 100,000 k4 #HMHEZ> 1 v—24 CMOSO0. 18um 2.5mm v 7 Fv T
A4 7un7aryy

FIFI - PFOTEHRER

RRIERFRFRETFHAER Ito Robert, &% &5, &8 & WE

BE HEEYATAREBOTTY YL - 7 u AR 10bitEED 1, H+MHz M 1
DEBEFENER I NS, 2O ZT 70, BEERNFY 2L - 7 u J 5
BN TWS, BRMFC L - 7F 0 VAo REZBRFEZHRT 2570 3
ARy FICLDHIRENG. 207 DEBEEZBE27-DICIIFZETOHBERESCL, NTY
FEMEIL 2T a o 2. —J, HEEKEL T2 EETOFEFRCIMBERIEK
T 2. ZOFER, BEEESERZHEAZE S, XS ICHBEORMMIZELNE 2 2 F oEkEich
9. o T, B TY Y - 7 u VAR OHE L REICT 57O ARTEG T, €V
TALVEY S 2L =Y aviCKDBRFEFED 7 VPRI YA XEREL T

SRETHART 1 1 AHDLE, 2 AR |/EPY—JUL : Cadence #f: Virtuoso, Mentor #: Cali-
bre FZVIYXFZHE 100 L, 1,000 K50 HEZ> - v—2 CMOSO0. 18um 2. 5mm 4
Fv 7 FyFiER: 7+us (PLL, A-D/DC-DC a v N—%7%k )

VGA

RRIERFRFRETFHAER ERE, RO LE, WER

BE  MALERE ICE LTI A ENIES (VGA) k7 Fud - FEyLEHBo AL X
VOFFICAS X H BT L V2§ 2&E2H>Tw 2. FcHdwETEZ IO L L
TTIVF 2 —F—% E3ZEHRLE L TRREANBEPBN 2 ANES 2R bR ITUE%R S
o, ZZhrerrurszary by FIZAHEEZ LTCTY Y UEZHE L2 TER 6 %
V. Z D7 D AIEFISHIER I RLBEELMEIEED D> TH 5. RKTEG 1F, BERICED 2
EREINDZ TSRS - FTUOYNEMBOATILV Y PIGHELEENATITE 5 L9 HE
IS Z2EIDEZ 20D TH 5. KATEG ZFHELESEIE LB F 2 —=v 7L
YOERMERL, Z O REZICICHBHRE T 2 RSG5,

SRETHAR : 0.5 AHLLE, 1 AHARNE 8&5HY—JL @ Cadence #l: Virtuoso, Mentor £l Ca-
libre MZYYR&Z# 100 L1, 1,000 Ak #HIEZ> @ v—24 CMOS 0. 18um
2.5mmfFy 7 Fy7EHl: 7rws (PLL, A-D/DC-DCav =¥ 7% &)




VoTH*yoL—%

RFERZETEE EO X5

BE:1. HUEEDY v 74> L —4% % Deep-n-well, p-substrate DIECTHEr & p-
well37u—74 Y 7RELRS. CRICEEREZAIMT S 2 LIk D) nmos F 7 v PR
IR LR 7 vy 7 Z I DOFER AL 7 AZHAMTE 5. 2z FIH L TLSIDK
HEEIMLEFEBT 270072 S, 2. HESHEZ 1B v AL —9%H
WTIT) . EMTIBEFE Q) v v v —sETn—T 4 Y IREED) vy L —F &2
W3, #EEDY v Ay L —F QWG Tl p-substrate 235D p-well & 8 U 7S
&% 57O Z &I nmos ~NOMIL L 7 FM NS 7 ADHINETCE R \W». Lo L, 71
—F 4 Y IREED Y v 7 v L — %1% p-well 28 Deep-n-well TP E N T2 %, EH D
Vv 7 E v L —% LiE» nmos IfhD g 71 vy 7 L AZHSE U TERASA T AZHMNT 5
ENHREE RS TS, 3, MRERMICK T 2EHOY v /AL —%, 7a—F 4 v
TREDOY v T AT L —FDOFEIHE Y T 2L — a VRO ZITV, 22l —va VEEREFFIEIZ L T3 E0w9 2
&, nmos IHIIN L 72353 4 7 ARHIC & 2 BRI TbTw 5 2 E DR TE 7.

SRETEART - 0.5 AHLLE, 1 AHKM |5V —JL @ Cadence #: Virtuoso, Synopsys #l: Star-HSPICE, Cadence #: Analog Ar-
tist, Mentor #k: Calibre ~Z>YIJXF% :1,00080 F, 10,000 K HIEZ> v —24 CMOSO0. 18um 2.5mm A+ v 77 Fv 7#&E
Bl TEG (RRMERHiEIE 2% &)

AVFyv7XKGERENEYTADIGHA

RERAZVDEC BEEE

RRAFEBREFHAHAREY 5 — BH BR
BE:9AVYLALryF Ry b7 =20/ —FAFLSIZX Y FF 27 ) —CEfES
570 DFEDO—ONENIIETETH 2. B E LT, LSI LA oEoHAA
hEREZONDD, EEaX P HPPETHB. 22T, LSLICERL ) 2B TRE
LTAYF v 7RIGEBICERLZ. NV 2 CMOS 7ut 2 T4 v F v 7 KiG&Ei o
Bt FMtiz T o7, £72, ZOKRBEMLEH G Y RREL, #EF - Mz T o 7.
Yk i, FvF v TREBEMRICCMOS ) v A L —y 2T EICKD, XE
ERIRABEECERT 26y & LCHEET 2. 20N, KBBEEY v 74> L —2 13
BFy FITEE L, &7 F vy TR L 72, BMEI R KD 24400 lux D4, FEEIZ
3.50uW/mm2 TdHh - 2. HIEICK T 2 KBGO FE R BIBERTH 2 2 L 2 HER L
2 NV 7 KIGEMDFHERIL SOLKBGEMMD 33.5%TH 2 2 L9 hotk. Thid L2 & SOl D pn AR OEWITHEK L T

VB EEZTL. 149
SEH M B, IR, SE OE, RIREEE, "L 2 CMOS 7ut ATEBM LA v F v TABEMO SOT & o Hilig & 5
U ADIGH, " B EREE SR ARS, C-12-26, JLJuwH, 200843 H 2
SRETEARE © 0.1 AHAGE  E’EHY—JL : Cadence £l Virtuoso, Synopsys 4k Star-HSPICE, Mentor 4k Calibre cSYYR5#: =
1080 F, 100 %40 SHMEZF> @ v—24 CMOSO0. 18um 2. 5mmx5. 0mm F v 7 Fy 7Rl : =2 —F27 /0y F
P
7z
g
1E
Eoht

Of



a1
o

ISR N e o

TR 19FEE3EO—L CMOS 0.18umitfE
(RO18073)

EFESLEREEE?F0OY CMOS [

BAXRZXZREARZMRE  HESER WIESE 5 R RHET, HBHERE
R HEX

BLE . YR ETE, WROFEE - XX LDBITE X OHEOFK L E2HWE L,

BETHRE27 ZADLA - R - FIE OFHIE X OMEERD D177 2 % 4400 Z5A &

BN R < — |+ RFID & 7 0@kt - f%Ez2{T%>Tw5s. 22T, A¥—FRFID ¥ 7ic

WL T, DFE -« Rk - iRk OB BRESUIE T4 5 NKRE KRG L E

CMOS &£ o B2 HIW & LT, LERHEEE, FEHE L VAR, SIHEE

I, AC-DC Z#alnl%, FSK A2 3G L 7. F v 7IE K EERE O TEG 2 D 7.

TAZIC K BMEIX T 7.

ERETHAM - 2 AAMLE, 3 AHRM %5V —JL : Cadence %k Virtuoso, Synopsys %t

Star-HSPICE, Cadence f Diva, Cadence fi: Analog Artist, Mentor fk: Calibre k3

YIZFE 1,000 E, 10,0005 HEZY : m—2 CMOSO0.18um 2. 5mmAF v 7 Fv TR : 77 7 VIR

EHNAEERET7 04 CMOS Eli
BAXRZRZRARBZMER  HLESEHE W EE $5 R, Timischl Felix,

B FRF, tik K8, 1L S
BLE YRR TR, HRDRE - A DAL E L OFROBFK LR Z2HNE L
BIETFRE~ 7 ZADLMAE - Al - W O FHHIE X OMEEERN D17 7 2 % A0 2 A &
BN 2 < — |+ RFID & 7 DG - %2174 >Tw3. 22T, A¥—FRFID ¥ 7'ic
WIE L C, B2 & OS5 B % 17 7 5 IR EE HEARIE Z¢ 8 7 CMOS $/4nl i o S8
ZHIE LT, Vv 73R, 59EY » J%IRE, 23bit A v ¥, 7 a vy 7 e, H
R o — PRI 2 FE L 7. F v TIIE S EERKDO TEG 2 DX 7. TAYICL S
HE X T 7.
ERETHARD (2 AHDLE, 3 AHANM $%EHY—JL @ Cadence 4t Virtuoso, Synopsys #:
Star-HSPICE, Cadence  Diva, Cadence ff: Analog Artist, Mentor £k Calibre k3
YIYZZE 1,000 L, 10,000 K5 HEZ Y : vm—24 CMOSO. 18um 2.5mm AT v 7 Fv 7Rl - 7 7V HEE

KBEAEYYE S VESOIER

EREEIRFETFE FHE MAXEE

BME: 018370y 70t A2HWTCTEGHD T A v, FBBERMEDORE 20 D00l
RESHZzBER LRt L7, 7, BlEBHICF 7 v A4 v E—=F v R [Elilk, Ny 77
B E2REH L., P I UVAAL v E=F Y AMBKICHE E I NSESIZEETIO Hi-
PolyRIEHiZFAHL T, MEHEKE L TLX 2L ATy FARaI—FElE LD, BATIA
YE=F VR LN, AT A oM R RS . OB, HOMEPLHEO b7 v

PR WERBMIEILERDTYA v ETo. E518, 0182 7uv Tk RE 0w
AL T YPRAYDOINVERE, FBEBRHERTMNT 2201, BRZLA T D7 5
FEIUPREE, FIVALVE—S VAR ED LT 4 b T PR REGE
L7.

EXETHAR © 0.5 AHDLE, 1 AHA  3&EHY—JL @ Cadence # Virtuoso, Synopsys #
Star-HSPICE, Cadence #l: Dracula LVS, Cadence % Analog Artist, Mentor#: Calibre ~ZS > I X%#: 1080 E, 100 &
HEZY v —24 CMOSO0.18um 2.5mm 4+ v 7 Fy TRl i A A=Y VP /A3 — vy



RUMNBARIEREEZRFOCMOS T A=Yty

SRKETEE FRHE #i—, BFF AKX

BE EEOA A=Y VY ORNETTHL 7 4 P A4 —Fid, EAFETRICHES 1

5. ZHEEH EMEESHAL L OBRGED O TH 553, FHKFIEWEE OO

KBWT, BEBSICXFIEL 2. COXFFOHVL A, BHE, ThbbEROMEE

k> THREZ L W) HFHFFREEZ D0, HEROBMS 2R JRKA L & 2528, LiliZE{L

IZ& o TIRIRAINC RS 2 2 ETE RV, B, EFETOZAETORBEZD LD

ZHREL, ZOMEPTOREL 4 FE» O IERAIGES X D Bl %z & 5 2 LT, LM

ke LT, ZAERTORBEELCIVICABAI E 2 2/ % L 2CMOSA A=Y

EREIL 7. COMBREICLD, HAWREEOY T 2L —v a3 VTl HRRREEZEL

CWET B EDTRETH 2 2 LARENT WS, ARIETIZ, fERET D E5HET-IRECE D

128 X 64 iz &, LU 2 AR ERCE D 128 X 64 WD 2D CMO S A X =P+ v

xR EEL 7.

SREHEAR - 1 AALLE, 2 AARG &5V —JL : Cadence ft: Virtuoso, Synopsys #t Star-HSPICE, Cadence #f: Dracula LVS,
Cadence # Dracula DRC, Mentor # Calibre k35> 24% :10,000 B4 E, 100,000 A& #H#ES> : v—24 CMOS 0. 18um
2.6mmAFy 7 FYTER A RXA—P Y/ A2— U

$EKESEYIYVIDHDIE/ 1 XIBIEE

EERBAPEBTEE B 7, L0 B4, P HE

BE . ARECIRRMEOR T 2 Rk ES 2Ly v 7T 30D FEEMEL
7o MRS O AHRES 3B X 2 20kHz £ TOEAETH Y SHBEL Twieye vy
i TIRRIE BT uV FETH 5720 CMOS 7rw A THAET 2 1/f / 4 ZOWEL
(RIBZLERD. Z22TETRERERANBETCHERZIT) 2 E2MEL, A12ES
7 —TWIFL Y — A7 x v 7 AT 7%, MESRORI%ICF a v S—MK L Xidh 3
JAPB AN 2 R T2 2 LItk D /4 AE5 LHIRES ORMEE SEL, 4 XMWz
EFMMESRIET 22 LRHEEL LT 5., HEEZE#HE 24 v F2HNTITI o
WCHAELTL ) R A X2 R BN S ¥ 2 7 O BRICKE & LPF %2
WA MDD ZDIODOFEEVPHEORE T2 DL Lot FRKEEET LD
BERGED 72D D73y e, Wl TRIR S ¥ 2 MIMS 5% AJ1 & LTl BRI
HWETH 5.

ERETHARD 1 4 AHDLE, 5 AHEM 85V —JL : Cadence %l Virtuoso, Cadence #: Analog Artist, Mentor #: Calibre kS 151
UZHB 1,000 F, 10,000 40 HIESY - o—2A CMOS 0. 18um 2.5mm fiF v 7 Fv 7R : 702 (PLL, A-D/DC- =
DCay A=k E) 2
=
F
v
A
5
E
R

Of



—
o1
N

ISR W TN

R 1 OEEEAE O—L CMOS 0.18umit s
(RO18074)

BERIFAES RO RAEZ AW 77078 #F R E R
RREKXEXEBHESEIREFARR RN, EHE

BE  BiliGABEIZFRESEA L 22720, N— Y 2 7EEIC K ZEELS R R
V. BERAE T, FTEIROMEE WO 2080 H 5. AMETIR 7 v JEiEgE A
WIEABIERERE D ER T o2, £ 7 L —LENIC K D BRI ESERE IS L, B
I 7 BME IS X 2 b2 BRI T . Zofi @EEy b)) 2ITBLOY EIcE L
FFTER T ARERL, BECfHT 2 & CEROMERHEZT ). IR
ER%E (LT 2 - D DOBIEDOIED R b HELZ DS, TORMIE, v FikiaazrEA
L, BifRHCROBIZ Yy NI SRR D 0 LB E % 2 WE % F V> TRl Z #SIC
EDDLFLEEBER L. KF v 71X 64x64HFED 7 4 P4 A — FZEFERL, ZmsRET
B2 D IAD 2. BHED 7 L — A5Gy ZHEEZ G, 2087 Mg L7z A
A FVEOEZ LT IE 7 v —5 4 > 77— b MOS Eiffiz# Wi nECcEB L, WEE %
E&HIR e, ok, RKF v ZWEARTINY 7 7 Ol 2> 770, IELCHET 2 Z L3 TE Lo T

SRETEART : 2 AHDLE, 3 AHKNM 5tV —JL : Cadence tk: Virtuoso, Synopsys f: Star-HSPICE, Mentor #l: Calibre kS
JZF# 100,000 4 L HEFY : m—2 CMOSO0. 18um 5. 0mm A F v 7 Fy 7Rl : A A=Y v H/Ae— by

ZFOJHERET EGAEE&]c | KPPED A MLAERKEIRE
RRERKERERTERMARE F)1| B

RERFRZ I ESAIR R E AR ZAR %7, 5EH E

BE ATy T 2008 2 HINTHIEKEZRIE L 7. —2HIE, 7Hu JhligzHe5E
A RO EMETH 5. T 7 L — L2550 K ) Wi 2 SR 2 DS L, #)s
M7 BEIC X 2 “EL 2 EREESNICiTS . 2o @EEY M) 278X 002 LA bk
JFTeR M7 028K, BEMHLT 2 2 L koM ERE %2179 . miZERR 2S5
W fELT 27D OBIEDORED D HEZD, TORMIE, LWIHFArszsEA
L, BfEdkoBE Yy MIEREEED b 0 LHENITHE L 2 M % H o B2 @8I
EODTFEEER L. ZoHIE, AfAREOEM 70 v 2 RX—2 & L 7 FEREEGE
PRVLSI > AT LHEETH 5. FiR 7 L TH % PPED X7 b L % EREECHEEAHER 7
Uy YT L RREETIR, Ty PE#HE SRAM X BV IRESE LTIy Y
EREARNIER L, HEHTR7 FUEHREZHEFHIE 2 2 L TRNER 7 PVAEREZEB L. &8, KF v TIE ATy
7 7 DERE o770, ELSHIET 2 2 N TE LD o 7.

SRETHART : 2 AHBIE, 3AARNM |EHY—JL 1 Cadence #f: Virtuoso, Synopsys #: Star-HSPICE, Cadence #: Dracula LVS,
Cadence fk: Dracula DRC, Mentor t: Calibre ~Z>IZX&#: 10,000 L4 F, 100,000 &% BHEZ> : v —24 CMOS 0. 18um
2.5mmfyFy 7 Fv 7R TEG (Rt # 2 &)

Smooth Optical Flow 5t [EH

RRAZFRERIZRMARE 5 EE ZRE

RRARFRZ G RIEE R EHARER SCHE

BE  HikoBZ <7 L (optical flow) 2RkD2ZLIk-T, BIEDHMEAES
A5 2 EHTES. Normal optical flow DFHETIE, B E X7 bV OFHEIZRFTHY 22
BROFEEMERSHR L 2l 2728, aperture RIESEIE L, RO B E X7 b LS IEMEE
WKRIFZ &) NS 2. ZORMEZ LT 3 72912, smooth optical flow & 7L 3V
ALH (1] TRESN, N—F 7z 7EEMTbN. BF v 7 TR, BEOFHERD
{SHEM: % 0 % 7= 12, smooth optical flow DEFEIZE T b BE L TEIISIC, KB
FETH L CIRET 2 AWHIBL v O 2R ORESRZWEM L 7. FEMGEEO 72012, 8X8E Y
LD T A MAEEIIEL 2. KF v S [/ONy 7 7 ~OEJREHROML T 2 57270,
HE I X 2R CE Rd o 7.

SEX@E . [1] A. Stocker and R. Douglas, “Computation of smooth optical flow in a feedback connected analog net-

work” , Advances in Neural Information Processing Systems 11, 1999, MIT Press, pp. 706-712.

ERETHARY (2 AHLLE, 3 AAKIE §EHY—IL : Cadence #h Virtuoso, Mentor #t Calibre, Avantitt Star-HSPICE k3> ¥2
&% 10,000 LA L, 100,000 A% FHIEZ> 1 vw—24 CMOS0.18um 2.5mm v 7 Fy 7Rl : 7w 7 /7Y 8 V5507
oy



FAYEIYIERANI LYY F I 2AVWCRRREIEZSER 7O YY
REKRFRZ I ESAIR R EHAIR BRE I, N\A Vv, HE #HX, EHE

BE  Bilio& 7 L —2hoWiko# & oL, Z208E0RMET22OICEETH S
B, —MICHE 2 R FBEL, BEHON—FY 27 Ik > TEELT 2 XY v FHSKE
V. REIETE, BIEREO P THBEDIE WY, FIGHRax romw ey rey F v
TEAAELZY PO AN Ly F Lo TTY, IROBIEDRE X LAZK
HMT22LDTEL TRy Y 2MFELL. &7V —LDILy YT — 8 2 HITHAICT
HL, BEEOA v F v 7ARVIRETEIET, 7uy7HNOF—%% 170y 7494
INTHAM L TL % 2 EDITE, S5 ICEDMENEAHEL, BRAMERR 2 WINZHITT 5
ZET, 1 7uy 0 A NOEZHEED 1 EHOBE R PLE2RDZ I EDHRETH 5.
KTy 713 1/O Ny 7 7 ~NOBREFROME 2 M- 77, WEIC X 2BEIXIERTE %
oz,

SRETHART 2 AHLLE, 3 AHKM &5t —IJL : Cadence £k Virtuoso, Mentor #: Calibre, Avanti 4 Star-HSPICE, Sy-
nopsys fk: Nanosim, Hercules, Star-RCXT ;3> IZX&%: 100,000, FHEF> 1 v—24 CMOSO0. 18um 5. 0omm A F v 7°
Fy 7Rl 7ru s/ T INMGEAR T 0k v

ERSEEFEHANICHVS BPSK = EROHE
SRRZEXRZREAREHRR BREE PE BT, NI B, B X ] 3 555 :
ERRETEE FRHE #i—, du)ll EX o T
BEE 2% EifE 7N v 2 BPSKREROER 1T > 7. BEIEIKIZ PA, VCO »» o '
SHERI NS, PAMBIERO A BIBIESR, VCO BrvRxay 7VEEzZ R
PMOS#K & L7z, BPSKDREESOWH B 2L, VCODEBNNEVHAL L LI
LoTHEL, ZOBPSKUIDFEZ AL v FHRELEBRL, A4 v F v 7 LBz
HETES LI L7, SRIZEABFELZEHNE L, PAOAIES, VCO OFEIRME HEHSE
KRB ZF e Fy 7> oHfficE sk 9icL, VCOREH{KE NT 7% TEG biflio
TWw3, F7z, REHLIINICDAC L EFERE OB TH 5. BlfEiHiih<TH 5.
SRETHAR : 10 AA ML E &5V —JL : Cadence #: Verilog-XL, Synopsys #: Design-
Compiler, Cadence fk: Encounter, Cadence fk: Virtuoso, Cadence f: Analog Artist,
Mentor #: Calibre ;2> I X&#: 1,000 E, 10,000 %5 HIEZ> : v—24 CMOSO0. 18um 2. 5mm i+ v 7 Fv FHEHl :

W2 (R, ATM 7% &) 153
%
2
=
9’_
Y
LS EBESRICHS BPSK RIEMOHIE 7
SRAZPASEEARSTERY  PHE& 15 05, W B, B % ﬂz
SRASTH®M  HE #—, Jb) =% i
B 2% mmIE 0 v 2 BPSK B ER 75 7. #EHEIEIE PA, VCO, his

PLL, ASEY 2L —¥»ofREN%. PARBKIBHEERO A JERE, VCOlZrnm 2
Ay TVKEE "R RO PMOS L, PLLIZF ¥ —Y Ry 72 OB R, AZ€Ya
L—2ZIE3RXMASHI & L 7. PSK DEEREZOUI D EZ 1L, VCO o228 ) &
ZBHTEWCESTHEEL, AZEY 2L — Y TCPLLONRBONAEELEZ L2 EI2kD
FSKIZ b MIGTAIRETH 5. ShlFsmLeBiffz HivE L, PAORIfE®, VCO OFEIREBEL
FIRB 2Rl F vy 7 oifficE s kHicl, PA L PLL OFEHE S H > TW
%, BTt TH 5.

SXETHARD 1 10 AHML L 85HW—JL @ Cadence #: Verilog-XL, Synopsys #: Design-
Compiler, Cadence fl: Encounter, Cadence #: Virtuoso, Cadence f: Analog Artist, Mentor #: Calibre MZYIX5# :
1,000 24 k=, 10,000 ki #MES> : m—2 CMOSO0. 18um 2.5mm faF v 7 Fv 718 1 5 (RF[E%, ATM 7% Y)




o1
N

DR EIN e W IR

ERSEBERFEHANICHNS BPSK ZHERDHE

SRARZEXRZRERBNZMRE B E DB S 08 B, FH 2K BRX
FRREFEIZH TR #wi—, db)ll JEX

BE : #ugHEERFAFRNICHY 2 BPSK ZEBORIEL T > 7. &Rl IiE LNA,
MIXER, VCO, PLL, AZEY 2L =25l IN5. LNAIZAH A a— FHK,
MIXER 18" 7V 85 v A 2 %4, VCO &7 uRA vy 7 )VidE%F> PMOS#ER, PLL X
Fr—Y Ry 7EHOLEBERBIE, AZEY 2L -5 2R1IXEMAEDLE IR
MASH# L L7, SEl3E2EEZHIE L, VCO OXIRFMEBI R ¢7. £
o, Ty TN 5 MOSNT 79 ~DF o —= v JTEEEZZSE % FHTHIRFE L
TE%L9HIcL, LNA &£ MIXER D[k #fk L LNATHHA LA >~ 427 ¥ DTEG b k-
T3, BfEiHETTH 5.

ERETHART : 10 AB L £85HY—JL : Cadence #k Verilog-XL, Synopsys #l: Design-
Compiler, Cadence fl: Encounter, Cadence #: Virtuoso, Cadence f: Analog Artist, Mentor : Calibre MZYIX5# :
1,000 B E, 10,000 i HEZ> @ vw—24 CMOSO0. 18um 2.5mm 5 v 7 Fv 7R : TEG (Rpfk:ariilnl# 7z &)

T4 I IWREDEEBHEBNOYI 7Yy VREADEEAZR
LEERFRERERMERZMER HE #EA

BE 74 vEEOMIEZ HINZ, B 22822250 ADEBBRICH AT %25
Z, 2ODEMa— FINFEL %2 L) ICHIET 2 74 Y VAiIEEZEA L 7. A5,
BB DO - P2 T4 I NERKS LAY 72227 TEY 74, "v 2779V FT
MIETE27:9®, 7 JHBOMIEIZLELR V. 7, MEBEENOZLD, 47V y
7 A DZSER 2 it 3 2 2 LT, AR OBIIEREEZRC 5 & &b, HEfl, 7
VTEHEDR I A=Y LR TREL L. T4 Y NVEIER X Ot bic X D, oERE
16bit, ¥ > 7V v 7 500KS /s, THETE I 20mW DOEIEZ EZR L 7-.

SE3HR : John McNeill, Michael Coln, Braian Larivee, "A split-ADC architechture
for deterministic digital background calibration of a 16b IMS/s ADC", ISSCC 2005
ERETHARE - 1 AHDLE, 2 AHRI FREFY—IL : Cadence £t Virtuoso, Cadence %t
Analog Artist, Mentor 4k Calibre, Mentor #t: CalibrexRC ISV I ZXFZ# 11001 L, 1,000:4K5 HEZY @ v —2 CMOS
0.18um 2.5mmfAF v 7 Fy 7Rl : 7w (PLL, A-D/DC-DCavy =¥ %)

INY I P RIS & B EEDRIE DR & FRENE BE {1 = D EiEhElRg
BWEEIZKREXRZRIERN 4 ER, LA BEE, FET

BE: V= J7EROBA DDAy 734 7 ATHEEE % LI 72ROBEEE TR 7
HDPMOS, NMOS, F 7Y A3 vy avs—I. paldn TELEL L 72 2bit DR &
FA. V=27 EREMZ 270D NNy 734 7 ARHZTE S & 5124 7 AHIZAZICL
TWw3. 7y FORE 2L LEERCEHEIE 5N LI L 2bit oM. b
Ny N4 7 AREHZTES L HITLTH 5. Eikiih o WiEligk 2 a2 7 1 v 7 LR
Tl 7 ay 7 ARNEEEA E D it MERETH 2B A T I FDIADLHF v
—DEEVBATITET, IEL CEIEL 2. WiEARIE oW 288 700 E F O (8] | X BRI [R] A
ETh D, BEULHTE & FHED 40007 -+ TH 5.

SRETHARE 1 AHLMLE, 2 AHAM 5%5tY—IJL 1 Cadence #f: Virtuoso, Mentor #: Cali-
bre MSYIYZFZE:1,000L0E, 10,000 A% HEZF> : v—24 CMOS 0.18um
2.5mmfFy 7 FyIER  HENE GERELS, REMSEY)



SFQ/CMOSNL7IUY RXAEVYYRTLRAXEY

BWEEIZKREXZRIERN EA &, s 58, F)IET

BEZE : SFQ/CMOS A 7Y v F¥ AT LD X €Y %2 Rohm0. 18um 7'v+ 2 % v Ca%
Fhl7z. ZE 7y 7SI 20F vy 7 TRELFEEICE LD o7d, SHIEXAE)HTORLE
7%%.0.35um 7R ADKE T a— F k%R, HEILCTa— P32 HEICEZ 0%
PEIRERIZE O T0E, £, HIRILA 77 F I ABHoY VIS L —F 7.
AEVIZBLTIZGND LEEHP—FHICRZ LI LA 7T R IABHKE L0, HE
FfToTwiw, Y r7A s L—2 It L CTEHIEZITo 7225, STk LTd RFakiE
BESNerol. T, HABICH Ny 7 7 2 RN oERBEE D THESR
PN LN TE RO EEZSNS.

SRETHARMD : 2 AHDALE, 3 AHAKE EREPY—JL @ Cadence # Virtuoso, Synopsys 4t
Star-HSPICE, Mentor %t Calibre, Mentor #t: CalibrexRC ~Z VI X&Z# : 1,000 2L
[, 10,000 A5 FHES> : v—24 CMOSO0. 18um 2. 5mm 15 v 7 Fv Fi&Rl : x €Y

UHF%RF | DRAIFEIFERRE

R RZXRERTEHER ERARBE, A XF, FEkER

BE : Ry 7BIUHFHRF IDIX, V—% /94 905G 3 N2 M5 Eih & A
B OBEICHIE BN 225 Z LBRIETH 5. 2D, BIRNERIITEKE A TR
SRR TEE L ¢, AMEBKOEBEICHa 2B N2 HETE L2 Lok o N Tw 5.
KRETE, BEOT7—XT77F v ICBVTF I VP RAIRLTF v LI DY A A EDIRT
A=Y B BEERELLERIRKE, TRy FOODY I —HEEREL, HL2OT
—XT77F ¥ BIUORIA=F DB L ZENEWHHECA V=SV ANDHB L E
WLT, Z2OMEEEFN - BT 5 2 L2 HMWE LTEkGE - B2 o 7.

SRETHAR 1 0.5 AHBLLE, T AHREM |EHY—IL : Cadence #k Virtuoso, Mentor £ Ca-
libre ~rZYIYRFE 10D E, 100:%4 SHEZ>  v—24 CMOSO0. 18um 2. 5mm 4
Fv 7 FyIERl: 7F+u2 (PLL, A-D/DC-DCa vy N—# %)

RFID R 7« 9% IVHEIEHAT S O v 7 £ KE R

RIERFRERITEMAFER AH L, ELRKBKE, INB KT, FEEER

B : RFID (Radio Frequency IDentification) I2& T, #5855 DEF0 6 N7
By 7RERTEI7uy 7Y ANYBBRETHS. L2 L RFID #{Ka X MLT 57201
TFT (Thin Film Transistor) ZfH\w2 &, ZOREE SO ENKEVLDIEE R T IS
W TH 5. 2 ZTTFTZHW/ARFID TiE, ZE L7770y 7 ) ANRN)E{TH 72d
74 PYNGIHBESTH 2 LEZ5NDS. 22 TAF vy 7 TlE, TRT HEMi%H 738
ZHIELTTF ¢ 27 VHIBIZEREE, 74 22Vl X 2 R kiR, HEE s e
[l XD, R, SRE T vy 74 8% [RE L § % RFID [} 7 4 ¥ 2 VHIENG 7
vy 7 AR OREBRIN G EEZ T o7, S 518y Y 7RO RFID 2EL TWwW3 70,
WIBDEIREEDOLEEEZ S s, ZDOBEREELFNAEL THNIL I vy 7 DM
BOEH L 2wk ) HELEGE 2T 7.

—
o1
o1

EESIANACES (I Nk

Hi
3ad

Of

ECSTHAR : 0.5 AHDLE, 1 AHEKM %5HY—IJL : Cadence f: Virtuoso, Mentor#t Calibre ~S> I X% : 100,000 F 3
EZ> : v—2 CMOSO. 18um 2.5mm A5 v 7 Fv 78R : 75 7 VR



—
()]
o

DR EIN e W IR

(EEEEGRIEE Y X T LARIT 158 MS/s JPEG 2000 3—7F v 2 LS| ORH
SRRZFBEARZMER I ESE, HR GEN, HR B TEE B, hHE S 4
BEE  BlfE, 20X Y22y b7 — 2 ORIBIC K ) EHRE% ORI - FRITL AR & l

NTw3, F£7, NTHERER ETIHOBEERE D EECTH L. TN DERZ 7 3§ ]

JEAEBeART & LT IJPEG 2000 23281 501 5. AWH%ETi3, JPEG 2000 & TR 3 <l

HEMN% W EBC (Embedded Block Coding) #Bic oW T FOH L WAL GRE L7 13
—X77F v xFELL. By P 7L = WHIGRERAWHNGRIC LD ANV—T Y + &
HERDIXE Y P L=V KBS E L, By M 7L —rOWFLIE% T\ 2555 regular

mode 2% F—1Ft L, &EBELL 7, BEBWLIHICE>TTa—FROAL—7"y % 32%

M EX¥7. EBC X U'BPC (Bitplane Coder) 7—% 727 F ¥ Zpi% L, 160 MHz B}

fET 158 MSample/s D A)V—7"v F ZFEH L7, FREARKIT7—FT77F vickbha

—F7uy 7ML LC, a—F7uy 7HXAEVERE 64%, BPCHAE VA
HZ67%HIEL 72, 0.18um 7'v ¥ A CikfEx2 1T\ — P U 1004, v 7HEIZ 7. 5Smm A TH > 7z,
SREHHEART ¢ 10 AALLE &5V —JL @ Cadence #t Verilog-XL, Synopsys #t: DesignCompiler, Synopsys #: Astro, Mentor
Calibre MSYYRF%:100,000% F HES> :v—24 CMOSO0. 18um 7.5mm ¥y 7 Fyv 7Rl : 750/ /7Yy VES
WHE 7y 3

KiBERAE Y RUGESOIEERE

EREERRFET I FER, KX EE

BME: 0183270y 7nkAZ2HWTEX8DT LA IRZNET 2 FLHORIICAELE T
EEOZNETF 2B INT 2HT, 772703 2 LMK OMSE - SHizfT>7%. 7L
ARICT 2 LA DZNHRELIED L TERER T 2B 20, ZEERTFELT, 745
AA—FEDOERELR 74 7P RS %0. 183 7ury 7 uw ATHEL /. 2Dk
12, DeepNwell #xE % A L 28D TV A v 21{T-o7%. I561C, AEEID > A7 LDk
BRI E 74 F 7 VP A OREICE YT, B LINEREE DR E T 78
A7V AL vE=S Vv A7 v 72 NKR L 2. 2 ORZAFE T IZINBES I & h EEIE
KR E LT, BBOZNETFEZHERIGEA T, ZNHBEL2 I S ICm EIE5HEN
AIRE A L L 7.

EXETHAR © 0.5 AHRLE, 1 AHASE  5&EHY—JL @ Cadence # Virtuoso, Synopsys
Star-HSPICE, Cadence #l: Dracula LVS, Cadence % Analog Artist, Mentor#: Calibre ~Z > I X%#: 1080 E, 100 &
HEF>Y 1 v—2 CMOSO0.18um 2. 5mm A F v 7 Fy 7Rl i A A=Yk v H/Av— b vy

1477V IVOFEE (1)

BANINKEXRZRIEHAFTR A R REER —Eh TR ER

BEANIRREIFE KB HEE & ER

BE:0.18u 70 20F VP FVDEHES £ 77 Y EKGEH2T o7, BEFL 2 b DU, A

77—+ (NOT, NAND, NOR, XNOR) tIHF#ECHEMTZ 7V 770y 7 Th 2.

IA 77 VEECHIY, RS — TR 7 7 77 PR AT IS ADE NI X B IEIE

FEREORBED D 2B IR I, HLILICBOTERY—v DY v IF v L —4 %3G

L7z, 72, 7V vy 770y 77 CREEEROARZIT R, LY v Ir L —4%

HSPICEZMHW Ty I ab—>ay Ll BY) oEERH L, WEF vy 72 llEHIBR %

FHOTHIE L 72 BIER I CIREEF v 7OMES k3 L )RR o nk. £, WE

DRI, T I R EDOM S L DFHT EFLFEIRL TOA WY ¥ 7F v L — 9 D EHE

L 7.

SREHEAR - 3 AALLE, 4 AARI jEHY—JU @ Cadence #t: Virtuoso, Synopsys #: Star-HSPICE, Cadence #: Dracula LPE,
Cadence #f: Dracula DRC, Mentor #f: Calibre, Mentor #}: CalibrexRC ~S> I X% : 10,000 b4, 100,000 45 HESY> :
o —24 CMOS 0. 18um 2.5mm fF v 7 Fv 78R : TEG (RetkatHfilnl g7 &)



F1477VEILDOFE (2)

BAINKEXZRIEHAFER A R REER, h—Eh TP EF—
EANIRREIZE X5 BEE & EBR

BE:0.18u 70 20 VP FVDERES £ 77 Y EKGEH 2T o7, BEFL 2 b DU, A
77—+ (NOT, NAND, NOR, XNOR) (EF#&EclillT2 7V y 770y 7 Th 5.
FA4 7 VEITHED, RS =T T7 7T P ERATH IS A DENIT L BRI
BRSO R D D 2B %) 720, HBLIUICBOTERY—v D) v T L —2 23
L7z, ¥, 7V vy 77y 7P CEREBEEROAZIT R, it L) v A v —4%
HSPICEZHW Ty 2 ab—ya vy L 1Y) OBERH &, BIEF v 72 EMEE%
FHOTHIE L 7R TIREAEF v 70oEES 2 3 L Wy fERBBE s k. 2, HE
DRI, WS A7 EDM S DFERTEFSHKIRL T0RWw ) v 7ty L — 4 BEETE
L 7.

ERETHAR - S AALIE, 4 AAKM REPY—JUL @ Cadence £ Virtuoso, Synopsys #k: Star-HSPICE, Cadence #: Dracula LPE,
Cadence #t: Dracula DRC, Mentor #t: Calibre, Mentor #t: CalibrexRC ~S>YIZ&#: 1,000 2L E, 10,000 A% SHHES> @0

—2 CMOS0.18um 2.5mm 5 v 7 Fv F&hl : TEG (RRi:3Einls % &)

INAEE#R Delay #IFEH TEG D3&:t

EAINKEAZRIZHER <R ENT

BHINKEIEE BER

BE  ISOEEHEREZ2 BB 001290 % &, Bkt Delay [Al#% & VCDL ® =22 & h i
RENFFEHE > T3, it Delay M & VCDLICXk b Y v 7Fs L —2 2R L
RBICA Y N—= Y B TR L, HhXNsBLEH->Tws. VCDLIZY v 74 L —%
DFIRAWEZ LT 2 72O DWBIEMIETH 5. FIRFWB DT, TR WE T 2 FLii
D FBHICELE L 72 BRI, FEIREEB L R U AEBOEES2MA 2 - D Ich3 L 72 %, BLiR
Delay [Hl# %, 570 U 72 HEA DR & bus TR S NLTEDY, XL 27 2Ick>TEF S
AN, LY —NEDRMEEZ D ZEDTES. 209 b 1HIFANABRRICER IR TES
T, Z ORI E N AL BB T 5 R T O TR DD &, TIMELEZ BT 2 /5K
thoTWn 3,

ERETHAR - 2 AABILE, 3 AHARM etV —JL @ Cadence#t Virtuoso, Synopsys #k: Star-HSPICE, Cadence #: Dracula LPE,
Cadence #: Dracula DRC, Mentor #: Calibre, Mentor #: CalibrexRC ~S¥IZX&# 11000k, 1,000 K0 HESY :o—

2 CMOS 0. 18um 2.5mm fF v 7 Fv 78R : TEG (Retkatfilnlg 2 &)

BEEEERE SRARERMEREEIROFTMEF v 7
MPAREREZREEAREMEN BB TR BLEE

MRERZFRZRIZMER XKHE

BEE @ 1. HEAPHRSR DRI L 2o E il - RS 2 v 7RG O ERICH T T, <
NFLRVERBEEZMCE 7V ATy YHEFEEBATIA Y E—F VARV avnN—
G xR LY —NEEEERFEL 2. 618, BETEAO T —2HEoRHELZ SO 5 7%
&, {50 Duty #iERIE & 7 vy 7 OEIEHRHE RS Z AL 72, KEUWEF v 7OMER-R
IZ & D HEESION T 2MIERBFEOIEFEEL MR L 2. 2. WABERMEE RO 70D
S XYM R L 7. RS, WA BICEERIRZ N Z 2 & & CHHEE oty
AvETTFL—H, ANMFAFIy 7Ly bELEATHS. 2 kb 500 MHz,
300 mVpp BREE THOEFANCBWTEAZINS 2 LITRIIL 7.

Z2Z 3K © "On-Die Monitoring of Substrate Couplig for Mixed-Signal Circuit Isola-
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tion, " D. Kosaka, M. Fujiwara, T. Danjo, M. Nagata, Extended Abstracts of the 2006 International Conference on Solid
State Devices and Materials, pp. 62-63, Sep. 2006.

ERETHARD : 1 AHBILE, 2 AHAM  5&EHY—JL @ SIT#: SX9000, Synopsys #t Star-HSPICE, Cadence #: Analog Artist, Men-
tor f: Calibre ~ZYYZX&# 100801, 1,000 4K HHEZY 1 v—2 CMOSO0.18um 2.5mm A+ v 7 Fv 7iERl : TEG (5§
PEREAMA] % 7 &)
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DR EIN e W IR

16EY ML T7312070EYHDRTEFTA

BERAXZXRERIEREE Y AT LHRER piccEr |

BE PR AREGEHRAEE S A7 A% Tk, AT AL S [ a2 KR 251,
O ERSRICLS | OBGHRBREMELC 2 I LE2HBEOML LT3, KFv 7L,
MEAH AT ALS TRFADOTFOL S I RFFEHO—-BRELTEIELAZbDTH S, 3
FHEEIL, MIPSI9A47%16EY FEBASA T I74 v 7 aky T, 28 frfr & AR
L, MEHOMBOBEMEZFLTCRE. AYF—FIZNT 57— 747 T4 VPR —
IWHSRED I F TR IEEROTREMEE L T0d. /o, £XWMERL LTV 77 7R
77 h%IFL, BEEARY =Y ELTHL TV S, LA 77 MCBIL T, #iEy 4 XEE
v flfyohT, mdfh GRE TR 2507387 REINIE 1 F v 71210 458
FEt L2107 vy e 2 — Va2 ERL, FABHETO» SEET 7 & A TR
ELTw. FEHIAT, B—240.18um 74 77V GUECRZERHAER) 2 WCEEFL,
ECBAF L7 VDE CF v 7R — F L c@fE2 iR L .

SRETHAR : 10 AALLE  8&EHY—JL : Synopsys #: VCS, Synopsys #: DesignCompiler, Synopsys #t: Astro, Mentor #f: Cali-
bre rZYIZXFE 100,000 HEZY :v—24 CMOSO0.18um 2.5mmMAF v 7 Fy7&hHl: v rn 7ok vy

16EY M T751070EYHDERETEEB

BREBRFXZREHREEY X T LAHER piccEr |

BEEE @ R RARAPEERAEE S AT AERCIE, AT AL S I 0¥ 2EMT 2& 1
RO ERSRICLS | ORGHREBREMELC 2 I LE2BEOML LT3, KFv 7L,
MEAH AT ALS TRFADOTOL S I RFFEHO-BRELTEIELAZbDTH S, 3
FHEEIL, MIPSI9A47%16EY FEBASA T F74 7k y ¥, 28 frfr & AR
L, MEOMBOBEMEZTFL TR E. AYF—=FIZNT 57— 747 T4V ITPRA—
WHSRED IR F TR IEZEROTRSEMEE LT d. /e, £XWMERL LTV 77 7R
7o 0EIEL, BGEAASY =Y ELTHOWTWS, LA 77 MICBIL T, #Ey A XEE
LI flfyohc, mdfh GRE TR 250738 RENIE 1 F v 71210458
HEFL72 10D 7Ty HED 22—V EERL, FLIHE T O 51EEET 7 & A HHE
ELTwS. FEHIAT, B—240.18um 74 77V GUECRZERHAR) 2 WCEETL,
MEICHFEL 72 VDE CHF v 77HiiH A — F ECclifE2iER L 7.

SRETHAR : 10 AALLE  8&EHY—JUL : Synopsys #: VCS, Synopsys #: DesignCompiler, Synopsys #t: Astro, Mentor #f: Cali-
bre MSYYZHE 100,000 F HEFY 1 m—24 CMOSO. 18um 2. 5mmfFv 7 Fy &Rl v 7urntyy

16EY RT3 70YHDERAEEC

BREBRFXRZREHREEY X T LAHRRR piccEr |

BE PR AR EGERAEES AT AR T, AT AL S [ a2 KR 251,
Ao ERSRICLS | OBGHRBREZMELC 2 I LE2HBEFOML LT3, KFv 7L,
MEAH AT ALS TRFADOTOL S I RFFEHO-BHELTEIELAbDTH S, 3
FHEEIL, MIPSIA47%16EY FEBASA T F74 v 7k y T, 28 i & AR
L, MEOMBOBEMEZTFLTWE. A —FIZNT 57— 747 T4V ITPRA—
IWESHED IR E TR HHHEROBERSEH L LT D, i, ELAWER LTy 7771
7o 0EIEL, BGEASY =Y ELTHOWTWS, LA 77 MIcBIL T, it A XEE
v filfyohc, mdfh GRE TR 2507387 RENIE 1T F v 7121045
HEFL72 10D 7Ty ED 22—V EERL, FLIHE ] O 51EEET 7 & AW HE
ELTw. FEHIAT, B—240.18um 74 77V GLERZARAR) 2 WTEETL,
MEICHFEL 72 VDE CHF v 77HiiH A — F L CcEifE2 g L 7.

SRETHAR : 10 AALLE  8&EHY—JL : Synopsys #: VCS, Synopsys #: DesignCompiler, Synopsys #t: Astro, Mentor #t: Cali-
bre rZYIZXFE 100,000 HEZY :v—24 CMOSO0.18um 2.5mm M+ v 7 Fy7&hl: w4 /n 7ok vy




16EY RT3 70YHDRAEED

BERAXZXRERIEREE Y AT LHRER piccEr |

BEEE @ R RARAPEE RS AT AUERICIE, AT AL S I 0¥ 2EMT 2& 1
O ELRICLS | OREHRBREMEL 2 I LE2BEORL LT3, KFv 7k

MEAH AT ALS TRFADOTFOL S I RFFEHO—-BRELTEIELAZbDTH S, 3
FHEEIL, MIPSI9A47%16EY FEBASA T I74 v 7 aky T, 28 frfr & AR
EL, MEDOMRDBEMEZFHF L CVRE. N —FIZNT 57— 747 =T 4V IPRA—
IWSRED I E TR FHHEROBEREH E LT D, e, EABER LTy 77781
77 h%IFL, BEEARY =Y ELTHL TV S, LA 77 MCBIL T, #iEy 4 XEE
ey fliode, Rt GEE HEREER) 23Tk RENIZE TSy 71210453
FEt L2107 vy e 2 — Va2 ERL, FABHETO» SEET 7 & A TR
ELTWw3, FEHIET, v—20.18um 94 75 Y (H%Bk?i‘%ﬁtﬂﬁ) ZHwCEErL,
MEICHFE L7 VDE CHF v 7RHiiH A — F EclifE 2 s L

ERETHAR - 10 AAMLE 3®EHY—IL : Synopsys £k VCS, Synopsys #1: DesignCompiler, Synopsys 4t Astro, Mentor £k Cali-
bre rZYIZXFE 100,000 HEZY :v—24 CMOSO0.18um 2.5mmMAF v 7 Fy7&hHl: v rn 7ok vy

JERER/ A XEFREAA Y Fv 7T /A X2 T ORE

ERRBAFET Y ARE —8, £k K4, P HE TS ”|1 [E3F
BE @ AAEE, LSINSCERI NG / A APpzEy v 7Y v 7L —FTRild5 2 & i ff

ZHMNE L. FRCSHHENR E L2203 T 2 VRO ERRTH 2. /4 XL L
TRy 77V ) —=%EWL, Ny 77V ) —0@RGREL YV IT0DFF v T
ARy HBFIRE, FE L BELA Vv F v 7/ A R vy 37y vl
HY, BILT 2BONERE OB EZZITIC W, T MKIiE RS 754 Y ILADC %
L, RET 2V v 70 v 7 FEEHCTHGS/sOFEWY Y 7Y v 7L — 2 3BT 2%
CERHEELTWS

SE R © Stuart Kleinfelder, “Gigahertz Waveform Sampling and Digitization Cir-
cuit Design and Implementation” , IEEE Transactions on Nuclear science, pp. 955-
962, Aug. 2003

SRETHARD - 4 AHDLE, 5 AHRNE %5tV —JL : Cadence £ Virtuoso, Cadence #t: Analog Artist, Mentor #: Calibre K5
JZFE 1,000 DL, 10,000 K5 HEZY - v—24 CMOSO0.18um 2.5mm A5 v 7 Fyv 7Rl 75w/ (PLL, A-D/DC-
DCav =% ¥)

0.18 um CMOS ASIC

RRRFIFHRFHERER A AH, BRE 585
RRRZIZFHNAAIVIZFIVIER BRER

HBEEE - We have been designing ASIC chlps with 0.18 um Rohm CMOS process since 2006 September. Our purpose is to use ASIC for front-
end electronics of nuclear measurement and imaging such position emission tomography (PET) . Four chips have been submitted by now
and all of them are shared by several colleagues in my laboratory. In September 2006, I have designed a charge sensitive preamplifier in the
first chip. The preamplifier has used both NMOS and PMOS transistors as well as capacitors. The function of this charge sensitive preamplifier
is to convert charge signal to voltage signal while noise performance and response speed are the key factors. Later in November 2006, we have
submitted another ASIC chip. In this chip, I have implemented variable gain amplifier (VGA) and digital to analog converter (DAC) , both
of which requires large value resistors and switch. [ have adopted N-well resistor for the simple layout and NMOS transistor as the switch. In
March 2007, we have designed another chip. At this time, we have mainly fixed the design and layout mistakes of the first 2 chips. I have re-

vised the charge sensitive preamplifier with NMOS capacitor and VGA with poly resistors. Meanwhile, | have added various resistors to test

their characteristics especially linearity. Last submission was in 2007 October, | have revised the charge sensitive preamplifier again to include an internal bias circuit. This design is close to prototype design.
Right now, we are testing all chips we have received. We look forward to implementing a full mixed signal ASIC chip for our application soon.

ERSTHARD : 0.5 AAMIE, 1 AARM 8|&EHY—JL : Cadencetl: Verilog-XL, Cadence #k: Virtuoso, Synopsys #t: Star-HSPICE,
Mentor #l: Calibre ~ZYIZX&# 1080 F, 100K SHEZY 1 v—2 CMOSO0. 18um 2.5mm A F v 7 Fv 7Rl : 7Fnm
T T I NMETAHT 0k v 5
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F19FEE5EA—L CMOS 0.18umEt1{E
(RO18075)

CMOS IMAGE SENSOR FOR AMBIENT LIGHT SUPPRESSION BY

MEANS OF CURRENT - MODE PIXEL CIRCUIT

REARFIZRMAEE  BASCI Caner

B L0Fy 7, HLOBRE- FEREREBE ML CMOSA A=Y e vy 2alEL R b0 TH 2. RUEZ ok ZJoibE0f
BIB0TE, BEREIE T A BB REOBIN 2y - MEICRETERER AT 2 2 LIk, WALERTORES, 0By -+

KO TORY2TIENTRIC LS, FRHORERA A=Y e/ FOE T VEBATIE7 LR L TN, Z0CMOSA A=Y+

/ﬁ@ﬁ@{%‘ﬁ%é256%6@@%’(%7%!%@ 74 M4 A= FOfCERERRETRT 224 v AV Y b 22 -, BERE, &

BRI A A T0D, Y Eab=yavRTorRICk A L, EREREERT AL Y P22 —OREER 1T Th Y, Hit

b’?“b)mﬂ@f%‘*kli99WJ:V)§‘B$'(“K§?M§EJ§E'@%ZJCk%ﬁ@ L £, 204 A =Ye v 0EibkEot# %R T SBR (Signal to

background Ratio) 13-32dB T4 ), BENRMEEEREL:A A -V ey L) bEREERERL TS, 204 A=Y 23k SOCH

FoIPar2fELLtv Sy Tavba-7%f{ATEY, WnoofiRnEROANI L) €y OMEmTHTHA.

SRETHARM : 1 AHBLE, 2 AHARM 5|5tV —JL @ Cadence #: Verilog-XL, Synopsys #

Astro, Cadence #: Virtuoso, Synopsys #t: Star-HSPICE, Mentor 4k Calibre ~Z>YYZX##:100,000 E HEZY i v—»4

CMOS 0. 18um 5.0mm 45 v 7° Fyv TRl : f A=Y V¥ /A2 —tL v

=iE c BRE=ATBERAT ATV A AXA=Y¥AT7 - Fv7
REKFEIFEIE B B
BE  EERRE—F, SRBERERE—FOo_e—Fiiz, AEORMIIIEC/ZE—FT
FHYETTRE 22 S RIGIERIS > A 7 2 OMEL2 HIE L T, 2 OEAR L 2 2 BifE 2 fERHE 5 4
A=Pe Y EER LI KF Y TR3F v 7T EHIA A= a7 P25 5. —DDDE—
FIdAED 6> — MRICEBE L6 THEEZ AT YV L, ZOAF Y INELHBTE DD
AR =Y v a7 O L SN L2 Ao THEERZEETE S, 2" 204 XYy
AT7OMIBRENEE LTS I LICX DFER Rk, BUIMNE & ERREEBRESTRETH 5.
ZODDE—FIEFHDA A=Y v aT iy — MRIZHENRELIEDOAE, e A A=Y v
7 DOEREE O CHBEREZIE T2 2 EBHKS. ) DA A=Y v aTiFy — Hfi
G LD 7Ta 7 7 AV ek b 2 LItk D, eaihlz> T 2855 % & D IEREITK
3 ENHRE, RRERR L %5 5.
SRETHAR : 2 AAMLE, 3 AHARM %5V —JL : Cadence 4k Verilog-XL, Synopsys #: Astro, Cadence #: Virtuoso, Sy-
nopsys f: Star-HSPICE, Mentor #: Calibre M3 IZX7# 1045 HEF> 1 v—24 CMOSO0. 18um 5.0mm &5 v 7 Fv
TER : A A=Y vy /A —bR Y

LSI SR EN A TEG (2-1)

KIRKZEHREI 2R = =M, Bl A

BEE : fii b, REBUL, vk, 7V v 7F v 7RESIC L ) WL 4o 72 LST o

BW AT ) Ry, TR OWBEZWIEREIRE - RSN TWw 2. KF v 7iE, oD LS

FRZWEEEZ T2 2 L2 HNE LCEGHL 72 F v 70—>Th 5. BEHFEEZ BN TT6E
TR EE D T2 S ARG % AN S 2 A, BOAREIRE 0 Bk 2 IR E T 5 850 TEG % 45

LTws. i, v 147U 274 ¥ EHCLFHLA 7Y PREHI & DT> 7. LSIiK
BEZWESEGGH TEG (2-1) ~ (2-3) e k-oTw3. BRNEREZLELE L2

Vﬁﬁ*ﬂg%ﬁ%’% ELTED, (2-1) & (2-2) F&MEIIATMm T L BBERINTHRY

h, (2-3) 1, Wk, -SRI N Tw3. (2-1) & (2-2) 1%, PNE&Y

A 7O B

ERETHAR : 0.5 AHDLE, 1 AHAEE 35V —JL @ Cadence #t Virtuoso, Cadence #

DraculaDRC M5 YYR&%: 1040 HES> : v—24 CMOSO0. 18um 2. 5mmxb5. 0omm F v 7 Fv F#&RI : TEG (Rpr:3Fm

A2 &)




LS| #fE2 R ESTlil TEG (2-2)

KERRZEHRBEAER =8 =N, el 8

BEE - Mk, KEWEL, et 79y 75y 7EEEIC XD WL 7o 7 LST ok
BT Ry, MR OREZWIREIRE - HEIN TR 2. £F v 71k, Ths D LSIEK
EZWEEEZ M T 2 2 2 HNE LTHET L2 F v 70—2ThH 5. B % B 6
T 3L 8 O B 5 fREE % SE 9 B 2y, BORRRERR o e 2 B 2 5 T 2 %D TEG % 485
LCTw3, &k, LA 77 r T4 Y 2HOEFHLA 77 bikihic X Df7o 7. LSIiK
FEZWIEEERENH TEG (2-1) ~ (2-3) 28li o Tw 3. BRNWEREZLE L Lk ws
WiEE 2 NRELTED, (2-1) & (2-2) FAPEEARGmTF & BERIN TR
B3, (2-3) 1F, HEEOA, MR LRI N TWw5,. (2-1) & (2-2) iF, PNEA&Y
A TR .

ERETHARM 0.5 AHDILE, 1 AHEI 3REPY—JL : Cadence #k Virtuoso, Cadence %t

DraculaDRC ;S YIRZHE 1040 HES> : v—2 CMOSO0. 18um 2. 5mmx5. 0Omm F v 7 Fv 78Rl : TEG (Retk:ak

[l 70 &)

LS| &fEZ iR E T @A TEG (3-1)
NP NE S e e S =J# =M, BEl =R
BEEE @ Ak, KHBAL, 21k, 70Uy 7F vy FHEEEIC X b WL 2 72 LST ol
BWi AT ) Ry, FA OWEZWIEREIRE - RSN Tw 5. KF v 7IE, oD LS
FEZWEEIE 2 M2 2 L2 HNE LTRGH L2 F vy 70—2Th 5. BEXMNWERZ LI L
I RS & B RE A BE ORI 21T L2 HWE LTE D, Z ORERHE: % 57l
T 2%, BB OBRS MR L Z 728D TEG 24/ L T\» 5. EXMWEHO LTS
BT, K, SRR & 3B S LT vy, #EHE, Cadence #: Virtuoso L A
7 bITF4 Y ERACEFHLA 7Y PEGEHT L DT o . LSRR E RN A TEG
(3-1) & (3-2) PHEZ->TED, Znsld, PNEAY A THEL STV S,
SRSTHARE : 0.5 AHLLE, 1 AHEKM ]EHW—JL : Cadence #t Virtuoso, Cadence #t
Dracula DRC kS IR&Z¥:10KkM HES>:w—24 CMOS 0.18um
2.5mmx5.0mm ¥ v 7 Fv 7R : TEG (Rek:ariimg 2 &)

LS| #fE2 iR E TR TEG (3-2)
NP NE S e e S = =N, BEl =R
BEEE @ AL, KHBUL, 21k, 77Uy 7F vy 7FHEEEIC X 0 WL 2> 7 LS okl
DW AT ) Ry, FA OWEZWIEREIRE - RSN Tw 5. KF v 7'1E, oD LS
FEZWEEIEZ M T2 2 L2 HNE LTRGHL2F vy 70—2Th 5. BEXMNWERZ LI L
I RS 2 B RE A E ORI 2479 L2 HWE LTE D, Z ORERHE: % 5l
T 2%, BB OBS R L Z 728D TEG 248/ L T\» 5. EXMWEGO LT
T, K, ST & 3B S LT vy, #EHE, Cadence #: Virtuoso L A
TUNIF4 ZEROEFEL A 7Y FEEHT X D 1T o 7. LSTREEZ IS E Rl H TEG
(3-1) & (3-2) PHEZ->TED, Znsld, PNEAY A THEL STV S,
SRETHARD : 0.5 AL, 1T AHKRN 8|/5HY—JL : Cadence #: Virtuoso, Cadence #t:
Dracula DRC kS IR¥¥:10KkM HES>:w—24 CMOS 0.18um
2.5mmx5.0mm ¥ v 7 Fv 7iER : TEG (Rek:arimg 2 &)
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FILY « YUV ERE, SEEOTA, BEtYY—MOEK, SEHARSA

INTEG

EIRXZXRZRTFHRR SAKEK, HH RE HF XN

EIRKXFEIFES EAN T—, &R RE, AL EF, BN B, KEF A—

BEE  ARSAMETIE, 256 6% OSR, 16bit, 2RDFTNE - > 7 <45k, BEIEET OME

ZKIBIEIR L 72 RBEBI{E N 7 v 2 a v ¥ 7 v aigs (OTA) |, RER v —[

BXOEAMMA NI 4 N ZHMEL 2. 256 5 OSR, 16bit, 2RDFNLY « ¥ F<EHET

X, BEa#NEo7 vy 7oKk, 4 ZMUicBilA T 2. £/, BEIERT 2 H4HEL %
OTA TlE, I NA 7 ABMMi2EEARIC L RIEEREETH D, 3 XD EHEZ KR HlEd

L2 EIEIILTwa. £, WER Y —HKTlX, FKEEEICE T 2 BEEEZIEH L

7o TH D, FFOMIEEICHRZ MR ZRAL C0s. £/, BAafHEFS

AT, HEES, Ty THBEOMAREHE 2 LB oA EZERT 2700

BRSO TEEZEIEL T 5. 813 2o QiR M.

SRSTEARE 1 4 AHDLE, 5 AHRNE 8&5tY—JL : Cadence £l Virtuoso, Synopsys £l Cosmos, Synopsys #t: Star-HSPICE,

Mentor 4t Calibre ~Z2 V5% 10080, 1,000k #EZ> 1 v—24 CMOSO. 18um 2.5mm g+ v 7 Fv Fi&ERl : TEG
(REMERTAM RIS 72 &)

Charge Sampling Filter
e :
2EXER - [1] Jiren Yuan, "A charge sampling mixer with embeddedfilter func-

tion for wireless applications, " 2ndInternational Conference on Microwave Techno-
logyProceedings, pp. 31518, 2000

ERETHAR - 4 AADLE, 5 AHRM 5PV —JL : Cadence % Virtuoso, Mentor £ Cali-
bre YIRS :10KM HEZ> :v—24 CMOSO0.18um 2.5mm AT v 7 Fv
7R EfE (RF[EEE, ATM & L)

AVFv T« M2 RIEEKBINILARIEEANUW BEEDR
LEREXREREHIERIZATR =5 ME
BE SOV R ERSTROUWBRER E LTHHATES A Y F v 7 - F 7 AIE 5 DC-
RF 7$)L 287 — A 2 3RE L 72. CMOS 24 v Fi2 k> T, 1 R a4 Viciiin 5 &k
ZHIEEY 5. R, B E L TEZONLBRI RN X =23, 1 Ra4 Lo HCIIRM
BCIREI L 22235, 2RAANVEZBL T VT T2 oSN D, 2OV AERRPERL T —
TYTREDEBORE TRy 7%t v F v T« FIVRERAL v FRITFDT Y T NIizE
BRI THEIHL Twd. ¥4 =V 7Y T7F% 7Y v+ LEPCBEBICRIET vy 7% X
T Fy TRERELC, BRER 2T HEE 3. 2mW T, 400Mbps DR % FEB
L 7.
SE3W 1 Y. Zheng, Y. Tong, C.W. Ang. Y.Xu, W.G. Yeoh, F.Lin and R. Singh, "A
CMOS carrier-less UWB transceiver for WPAN applications”, ISSCC 2006
SRSTHAR : 1 AHBLE, 2 AHRNE 8&5HY—JL : Cadence #k: Virtuoso, Cadence #: Analog Artist, Mentor #: Calibre, Men-
tor #: CalibrexRC +rZ I RXFE 10D L, 100K H|IEZ> :v—24 CMOSO0. 18um 2.5mm 5 v 7° Fv 7Rl : #fE
(RF [H[f%, ATM 7z &)




1Gbps X4ch X EHR LANBEY a3 vy Fv 7
RREERBZRIMAZRAR M ERIR R 2R R &, = 8td, &) K8,
#TF ER KHE
BE : fx 3, ZERETLELT EENROMELZHE LT RE &, SEOLERELZT
IOD TF—¥%ZE) ODZODHEEE b OA4 A=Y I EALEHT L VENAGMER
LAN Y AT L EREL T3, @79 2ERICRETCE2MEEMAL, ¥y Y v
IR REBE LM TE 2 1.25Gbps x4 vy 2 #&it L7z, FiHHEHC Ry r—2, 1/
O, ZOMMEFRAR - P4 EOFAERTOEMRE L5 2, Py PAPIA X,
NABMIEZ BE L 72, £/, HEFOA 7Ry PERET22OICHESA 72 b
¥y VEEg, BREZ0ZA N —202BRETLETIR 2 ) v 7 ARIEENEL .
EEEES X, LVDS (low voltage differential signaling) % 7:1Z CML (current
mode logic) THIT 2. AvF v 7TA/Dar N N—=yZEBWL, WEZ5%272 70T
HAHT I ENTE S,
ERSHEART 1 10 AHBL L 588w —JL : Cadence %l Virtuoso, Cadence %l Analog Artist, Mentor %k Calibre ~SYIR&#:
100, 000 X4 | BEZ > : m—24 CMOS 0. 18um 7. 5mx10mm v 7 Fy F#hRl : f X =Lk v ¥/ Av -t H

F%5 A/D ZEii[ElE TEG

RBARZITZER N =

BE A A =P VISR TR A REEHT 5010 h 7 5 A/DEBPE ik
b T\wa. 775 A/DEHEFERT 2 -0 FMEOWICHYE T 2 2AR— 212 A/D ZEH#
FIEZ2ERTIHELRH L. ZN6HTLA/DEHEEZERT 20D 2D HEE L TE
MERLA/D ZER 3 5. T UM STIEICHER LT, AT vy LR v ) Bz )k
k> TEBTES. 227201, BEAEAY VY2 FBTELR W E A/D BRI IZES 5>
TLEY). SHOEMETIZF Y Vi TD CDS (Correlated Double Sampling) % %
W a7w, 2bito7y 7 - Forhy vy e, MEMS v 73% BT % 70D 12bitR-
2R 7 ¥ —T¢ D/A R b FMIRFICEEE, BEE2fTo7. A7 v P DY 2L —va vy Tk
RENERIEEDS 123.6MH 2z TH - 7o B3, EBEOMETIF112.4AMH z TH - 7. BF v 7Hl
ERITo 705, FEEOTIUL 0% E > TWr/z. 0.35um 70+ 2 Tid A/D Efag & L
TTRkspsSODY YTV VT L= BERBEINTORD, KAETIZ27. dkspsEFTHETZIEXTEL. ZORHE
1000 X 1000 HiZBRBEED A 2 —2 & > 5 D A/D ZHa% G5 THBETE 3 Hlldst - 7.

ERXETHART - 0.5 AALLE, 1T AHAIM &5V —JL @ Cadence #f Virtuoso, Synopsys #: Cosmos, Synopsys #t Star-HSPICE,
Mentor #: Calibre, Mentor #: CalibrexRC ;S VI XF# : 10080 L, 1,000 & HEZF> : v—24 CMOS 0. 18um 2. 5mm 4
Fv 7 Fy TR TEG (BrihiHmb 2z &)

B=/)\EE R SR O] B8 oD 1 BE STl A [B1 2%

LEERFEHNERZHARE B #%e, fR &

LEEBXREF/FIAR « VAT LHAREY Y — Mattausch Hans. Juergen,
INHEE

BE:HDFOMR2ETZ LI 7 7V —> a3y (HGRHE - Bz y) - -

<, SUNEMET — 5 £ BT BRI Y B AL REANATH S, B0 sl (et R R

R B - IR - SN AT S S - FO sVl A ) THE T, [

Zewic, WA E Y QL7 B RN ICE T A F Ly OB 1 | g s . s 1 ‘

WEEEREL TS, Lo L, MHEOBMILEROMES I LT, 75 n shljgozy |5 -

FHEE DS E7ICRoTETWS., 22T, SHROBHMLICH LT, @I 7F 07 - | ges s eh

FOYVHMRAEY NED LI ICHEEZT 20 EWET 20 KF v 7RAMEL . +

F v T E/NEEER R O MERE 2 ME T 572 HD T A FREEZEHK L Tn» 5,

SREHEART 1 1 AHBLE, 2 AHANM 585w —JL : Cadence % Virtuoso, Synopsys#: Cosmos, Synopsys % Star-HSPICE, Ca-

dence % Diva, Mentor #: Calibre, Mentor #: CalibrexRC +,Z > Y X% : 10,000 L F, 100,000 ki HEZ> :v—2

CMOS 0. 18um 5. 0mm f45- v 7° Fv FH&Bl : TEG (FRtkaHiliE s 2 &)

—
(0]
w

EESIANACES (I Nk

Hi
3ad

Of



(o)
N

DR EIN e W IR

=TI T 51 0 DI DEEREF LA ERRORE
WREKFEBTZHER %+, %5 RE)

BE: 72— 7 747574 VDb DBEFTRT LTS %720, IREFRIC LD HBhE
EFRE 2 AT 727 = — T84 774 AR Z T v 7 RICHEE L 7. $8%F%13 GainBa-
sedDelay € FNWVICHDL bDTH Y, I VPRI A AOEHIC L DEEEZFHET 2D
DTHS. SHNFETFEOBLEEFEZHEL, 200 2B EHERT 5 2 LI X b EEFHE
%41 7. DesignCompiler i & 2 igBl & HASE I L <, BIEL % HERRIERRE Y — i
0Tz —=7R4 7540 bR FETL, BRI Mg E Astro 2w TRUERR 2 17 -
7-. HSPICE B X ' Nanosim iCk 33 3 2L —3 3 v T3, IRETFHOE D EIEZE B —IC
fiZ2Z EDMRETH S 2 DRI N, S, T7AZIZLBHEIZTo TV,
ERETHAR : 0.5 AHLLE, 1 AARM &5y —IL : Synopsys #: DesignCompiler, Sy-
nopsys #t Astro, Cadence #t: Virtuoso, Synopsys#: Star-HSPICE ~S VI RX7#:
1,000 DLk, 10,000 K&j HEZ> : v—2 CMOSO0. 18um 2.5mm 5 v 7° Fv FRER : wE R GRER, RERLLY)

IZB - E3%EDC-DC a v /\—4 FB#IEER LS| DRaHF

EWEIZIKZETEHFRFR =i R, Sl Rz, HH 864

BEE : DC-DC a2 v =% /N - ik, @it E2FEBT 201, LEHBS
T2, WHTED & 2 FIFIEEBE L 7> TL . SRIORMETIRFEREO 7ay 705
5, £ 257U > A% o Hlgcds, AND dEEE, v 7 b 2 & — - BEFAERR, HiE
BIERENRE X OA 7y 72HE L. v 25 Y > A GO s 344 4T oz
AL Te X7 v ARk Rl 5. 72, HE#Z23 AL, V7 P28 — FEESRE
[l & OIRUEB TR AR EHAGDLET, V7 PR - 2728 5. A7V 7
WGHHEBEFERBEO =T 4 74 v Ny 7 7 L LTHV S, 206 DR v TIHAR
% DC-DC a v N—% DiHli%z{T9 FETH %

SRETHARE 1 AHLLE, 2 AHAR 3%5tW—IJL : Cadence #f: Virtuoso, Mentor #: Cali-
bre FZYIZXFZE 1000 L, 1,000 K6 HEZ> :v—2 CMOSO0. 18um 2. 5mm £
Fv 7 FyITHER: 7F+us (PLL, A-D/DC-DCayv =% ¥)

SRARERBEREFEONMEF Y 7

MEREREZREAREMEN #LEE

MRERZFRZRIZFMER XKHE

BEE M%7 0 & RIS CHRICERET - B U 7o B B S M BT 3% 2 > T, FERR IS AR
ME RN T 2720DF A M F v THRE L. 42070y 256740, BEMiEE
[l E AR 7 1y 7, 7 e — 8% e Fo B B SRR 7 e 7, JERRAE R o BRI A
MFHL 7 2 v 7, CMOS 24 v F 2l 7R AT 7 e vy 7 TH 5. 3T v 7D
S 12 FH AT, BRI 7 2 v 2 IcB8 T, ERE BT 2 REES 2w
BETH DI EzMERL T 5. 58, IR BAEVREEHNZ: & OB T — 7 2 &M T %
FELLTVAS.

SZE @k © "On-Die Monitoring of Substrate Couplig for Mixed-Signal Circuit Isola-
tion, " D. Kosaka, M. Fujiwara, T. Danjo, M. Nagata, Extended Abstracts of the
2006 International Conference on Solid State Devices and Materials, pp. 62-63, Sep. 2006.

ERETHART 1 1 AHBLE, 2 AHANS sBEHY—IL & SITHE SX9000, Synopsys #l: Star-HSPICE, Cadence #l: Analog Artist, Men-
tor tk Calibre MY ZX&#0: 10000, 1,00040 B|MEZ> :v—24 CMOSO. 18um2.5mmfAF v 7 Fv @Rl TEG (Ff
PERTAT ]S 7 &)




=RAKICY > 75l TEG
RRIEXRFAZRET AR FERIR 0 8, FA— Sl ESE,

Chaivipas Win, Z %, [MH f&—, #AF B
BE  KTEG X, SRBERESGHO Ny > 7E ORI Z HIVE 7%, TEGIZEE
nzmix, (1) 110GHz ®isThru s —>, (2) single-end Al de-embedding /8% —
v, (3) differential / de-embedding 8% —>, (4) £ v ¥ 7% TEG, (5) +7v
ATEG, (6) #Z#)6-box ThruTEG, (7) 27 ¥ TEGTH%. *v +7—7
TFIATEH A YT IAJEIZL D, 67GHz £Th 4port fIEE X OV 110GHz £ T
D 2port IE# 1T\, TEGDFHIiZ T 5. A Fv 7 TOLRMKIEZRA S, £z, 28
A 50 7 OWWEFHM IS B TR, [T REEZ T, BB v 7 v R EEREA V8
PY VA, BEY, ENSOMAA V50 5 v A& BHITINICKRD 5.
EGETEAM - L AHDLE, 2 AR BEHY—IL @ Cadence #: Virtuoso, Mentor #f Cali-

onewoulnonl

. V1LE LG
IR
Lo

_m
=

N

bre *ZYIRFEH 100 E, 100K HES> 1 vw—2 CMOS0.18um 5. 0mm fF v 77 Fv 7&ERl @ #E (RF M,

ATM % &)

=RAKICY > 75l TEG
RRIFEXRZFAZRETZMER BRI 20 8, FA— Sl ESE,

Chaivipas Win, Z %, [H f&—, #F B
BE : KTEG X, SRBERESGHO Ny > 7E ORI Z HIVE T35, TEGIZEE
nzmix, (1) 110GHz #is Thru s —>, (2) single-end Al de-embedding /8% —
v, (3) differential / de-embedding 8% —>, (4) £ v %7 % TEG, (5) +7v
ATEG, (6) 7:8)6-box Thru TEG, (7) #@jf 427 TEGTH3. v 7 —7
TFIATEH A YT IAHEIZL D, 67GHz £Th 4port flEE X X 110GHz £ T
@ 2port fllE # 4T\, TEGOFHliZ T 2. v Fv 7 TOLRMKIEZAAS. £, %)
AV F 07 OWWEMIC B TR, TS REEZHCT, A vy 7 VR EEREA V8
7 VA, BLY, ZNSDOHEA V¥ 7 5 v ARBITNCRD 5.
ERETHAR - 1 AHDLE, 2 AHARM  &EHY—JL @ Cadence #f: Virtuoso, Mentor % Cali-

bre *ZYIRFE 100 E, 100K HES> 1 m—2 CMOS0.18um 2.5mm fF v 7 Fv 7&ERl @ #{E (RF M,

ATM % &)

EFRESEY I VI ELURIBENIND =8 OO 2%

BRESBPAFETFE  #HUHN, PEHEE

BEE © ASRECIRpiEIERE L BB Sy v v ZlIcin 2, B—E o~ ol s
HIICTE 270 DFELZ B L. BIRORFCIXLPFIck > TREAMmMEZ L L &
ot hs, SEIIETZEHNS L v IV Iy FERT 3 720 ORI O HHE 2 K ¢ RE
T2 LIk > TLPFOMIEL & EW 2 Lic L. ZDFERAET 16ch O 2 #5# ¥
BIENTEL. A4 v F YDA B EICk VEFRE7 =4 X LHRAMN 7 =4 X%
Y0 B2 RIS e o T 528, TIBATINGR IC 2 v o v 7 B2 A INERT ORISR L
TRBZEWCE ST —F 7727 V% MA 570, HEEMERO DCEZY > 7Ld—)L
F LA S AT 2HEMES LR LSO THLSHIMT 2. GERFLED R %
72 OVHL TS 7 24 AR HEES %2 AT 2 o BIEEEfic M) 7V = Vi % i
LiEDE 52 &2k > TVDD 2+0.9V, VSS%2-0.9V & L7, 7> Z7HEDEIED EET

% - ORBEANER 70 v 7 2 & 2w EEE S 16ch Hh 8ch ##E L 7. Z DI 2[RRI O BIEMGEED 72 H D 73y J Tl b #Hit

Ths.

SRETEARD : 2 AHLLE, 3 AHRN %5tV —JL : Cadence £l Virtuoso, Cadence #l: Analog Artist, Mentor #: Calibre K5
JZ&E 1,000 F, 10,000 ki HHESY : m—2 CMOS 0. 18um 2.5mm fs 5 v 7 Fv 78 : 75w~ (PLL, A-D/DC-

DCayv =25 lk)
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o))
o1

EESIANACES (I Nk

Hi
3ad

Of



—
[0}
(o))

DR EIN e W IR

FMDSM O 7= 8 DR & EHIE R IR

EILKRFET S g B—, =8 Hi—

BE SO, B 7 Fa s - FOsAEIRBOERE HIEL, Mige#s o
AT BEFET O DTS U 7z, BT R AZ Z 443 FM 55 OO AH A3 R i 5 o
Bachsrl t2HAT2b0THS. 2RI 2T TOIKES Z EBHRD 7 4
— Ny 7 & LTl 72, EIfERIESEZTHIRT 2 7 + — FoNy 7 D DA s S8 7
<, BHBEICEL TWS, Lard, 74 =Ny ZICEENEL RO, BHICERKE
{LASTIHE & ) RS H 2. Lo L, S Ch0 R IS4 SR B 0 JE o 1A D SR AR DS 6 B8
EVIHIRMDIB Y, ThFEFT, 2OFRCHET 2WEIIER DB o7 KF v 7, #
TEHZED 20D T RET7) Y IRIRGBDT AL 2{THI D TH 5.

SRETHARMD - 1 AHDLE, 2 AH R EREPY—JL @ Cadence # Virtuoso, Synopsys 4t

Star-HSPICE, Cadence £f: Dracula LVS, Cadence #: Dracula DRC, Cadence #
Diva, Cadence fl: Analog Artist, Mentor £k Calibre ~Z Y I ZX&% 100 E, 100 &
2.5mmfF vy 7 FyTERl: 7w s (PLL, A-D/DC-DCav =47 L)

#HES > 1 m—24 CMOS 0. 18um




TR 1 9FEE6E O —L CMOS 0.18umitiE
(RO18076)

MuCCRA-1

BERBRFERIFR EBF 8, INER B, BN &, TPAT RER, 1R B RAIETE,
KEy K5

BEZE : MuCCRA (Multi-Core Configurable Reconfigurable Architecture) 1, 374 ¥ %7 7 V(K&

HeNFaTHWY 3V 74 X2 7 TN Ty FIET L7 =% 77 F e &lfiz v 7L AUh S RE,

M T 5 2 L& EMELTwA, MuCCRA I, #% ProcessingElement (PE) %7 LA RIZIER, % PE OB

1F, BehiBIfRE MMIERUC £ > CHIE L AR o B L, Rz 7—282% 2 5 2L T&%. MuCCRA-11,

Z022HOT RN 44 TFy 7 ThHY, PE % 4x4, PEMOER %179 SwitchingElement (SE) % 5xb, FeH

%419 Mult (Multiplier) , 57— %453 2 DATA MEM % 42b 5, 20 ZnoRfE# e T 2 2

VIFARAEY RGO, avbe—JRETTET ) v avitEl T, 12y boavTX A AEY

~NERIEREEEL, BITRT) T EDHETH S,

SEXM | BRI, SR, R SRR, VAR B, e 8, NS B, A ERHE, KEF 3%

. "B a7 4 ¥ ¥ 7707 mt v MuCCRA-1 092%E L aPilii", et B s 2 7 4> Ry & (SACSIS2007) FisC

4, pp. 95-102, May 2007

SXETHART : 5 AHBILE, 6 AHRN 5850V —JL : Cadence #l: Verilog-XL, Synopsys #l: DesignCompiler, Cadence %t Encoun-

ter, Cadence fl Virtuoso, Mentor#k Calibre ;3> IY &% :100,000 4 = HEZ> : v—24 CMOSO0. 18um 5. 0mm 4 F v

7 FyTER v 7uTukyy

7%v 21 ADCRE&7 ;O EREIRF v 7OBEAE

ERERBRFETZE HE —R, Lk X, PEHE

BEE : AL, FIRIRE L7279 v 2MADCOF Y 2 VAR E ORI S 2235 - 7-7-
OHMAELZDDTH 5. FBEIZ 4bit, Thit Db DE G L. I 5ilcav L —2 ko
[PEEEL, 7707 - FOZMVEFBHICZHE L TCVCO ZHERLE LTI 7KL
L 72 Bro T Y 2 VRS CER E N/ A4 RBIEDSR—EMR _E o 7 a 7 RIEIEN 5
TEEM ) A AOMEEBEET 5 2 £ 2ME Lz, JWELREE, av L -y Hifkcod)
fEICB LT 100mV BREOREMANE T LE- k. ZOMERyr—Y3nkFv 7/
THIE L7GERED, X7 Fy T7OMMERITH T & THAZE MV ICIZ 2 I L3 TcEL

Thit FRED ADC 2 HET 2 L S 5 R MEBTIED 77 v > a7y 7H5HOFETH 5. 167
SREHEARST 1 0.1 AF KN 585HY—JL : Cadence %k Virtuoso, Cadence #: Analog Ar-
tist, Mentor #t: Calibre ~ZY Y% 11,000, 10,000 K5 HMEZY :v—24 %
CMOS 0. 18um 2.5mm f4 v 7 Fv 75 : 7+ 82 (PLL, A-D/DC-DC 3 ¥ =8 %2 &) &
F
P
RIEEIRE & U TEET 2 X E ) OEESSE A
EEMIRZARERERREARE FREKL, FES, Bl —&, AP EX ?;Iﬁt
[EEMIRPIEREIFE FO &1 3
BEE D R4E, RIS VWOECHIF T 3 FPGA (Field Programmable Logic Device) &

RERCROLIFLBEMBRE TN 2 ELTATY R— i (MPLD) ##8%L
7. MPLD iz LUT (Look-Up Table) , A4 v F1E%5, €Y & L THET 5 MLUT %
HEAREEE L, ML & MLUT 2 A ICER LTRSS, ZoMIck D, ek
FPGA KB W THBED KD % 505 A4 v FHEENALL 2%, MPLDIZa vy 7 4 ¥ a
L= aviZBWTZDHEPEHO AT ) ANOHEAREM L FfL - oE#Eza v
74 F¥alb—vavlEREEL, RICHIHHEENICENTLIREERD. 5RO
AT, DHIfER L7 MPLD v 712817 2 [JO DNy 7 7 BIEEOEIE, Ziuflivy
ZHEP DI FRRIC N U CTBIER T > 7. BIEEFPGA X — FIC X 2MIEZT> TV 31T
H5.

SEXM | HEEE, PR, Sk, AR, REESE, 7 EAEE TN A E LTHEET 5 22 Y (MPLD) 0—3%3561

(WavzaXx72707—%77F%1) 7, BFEREREFSEMZE#RTE RECONF2007-16, pp.7-12, 2007 4

SRETHAR : 0.5 AHMLE, 1 AH&NM $|sHY—IL : Cadence % Virtuoso, Synopsys #l: Star-HSPICE, Mentor %k Calibre, Sy-
nopsys f:NanoSim, Synopsys £k Star-RCXT, Synopsys #: Hercules FZY I RX7%#0:100,000 0 HEZ>Y i m—21
CMOS 0. 18um 2. 5mm f4F v 7 Fy7Ehl: =2 —727 /0¥




—
()]
0o

DR EIN e W IR

EBIERET Y v 770y 7HREERAER

RRARZERETARARE  ER R, RkHB—

BE: V4 IV 727N 20z ED 7Y vy 770y 7OEERGEEH . F7%
HRDIXSDE, BIfFREOLT) % 8 X > THBELM OB CHAET 2 A[RED H 2, WK
TRIRIE - GE/NOEIE - WIER T 2 A4 RIS X 2ERENESR I X 2EREIER RN L HOBET
25957V y 77y TREE - EE L A7 Yy T 7ay T, BEOTIY Y T
0y ZICMAT, BE0ERT 254 I v 72BEHT KL, ZUciEon, BEEH%
BT 222D AT =Y DIRFFETEET 294 S v 72T 22 ATV b. £F v 7
IE, 7Yy 77 ay TEREOBEEERORER L, %7V vy 7 7ay LT -8 24t
T 270 DR ARHENEZ E2ERL Tw5. kB, KF v 71357 L GRIEER T %
F v 7B VT, A8y FEAREOR D 235 s nicfe d, 324850 % 5115 LA RS
BT bDTHS.

SZXH : K. Hirose, Y. Manzawa, M. Goshima, and S. Sakai "Delay-Compensation Flip-Flop with In-situ Error Monitor-

ing for Low-Power and Timing-Error-Tolerant Circuit Design"JJAP, Vol. 47, No. 4 2008

SRETHARE : I ABLLE, 2 ABRKN 525V —IJL : Cadence £k Virtuoso, Synopsys t: Cosmos, Synopsys tl: Star-HSPICE,
Mentor #: Calibre ~Z>JZXF# : 10,000 D, 100,000 K5 HEZF> 1 v—24 CMOSO0.18um 2.5mm fAF v 77 Fv 7@
A:w4r7070eyy

Mixed-Signal Focal-Plane Image Processor Employing Time-
domain Computation Architecture

RRAFREZMEREIRBZAER  FHREA KHE

BEE : ASECiE, RHEcTo s ViR 2TI vy y ZNhlgz v, av 37 Fadais
SR HBENEEE 7 4 YA A —F 2B LAY - EY ary T aey Y 2HFEL .
KTy 70, WEEEL 727 A b v 72K, Fificf v N =2 HEEz2FH L TIEA
DFF 52D B9 B2 BFE U, AR offEIC R, IR X OEgo 2 v 37
PG EERRIFICH B AR E LT, SRR ETOWD» R BB 7 4 V& HEE
THHEBTEIMETH 2 I L2FHE TS, 5.0mmADT v 7 LiIc64X64DE 7 L1
—vy bEEEL, ERERE 1.8V, RREIEREH 100MHz 2 8E LG 217 2.
SZ3#k : [1] Kiyoto Ito and Tadashi Shibata, "Mixed-Signal Focal-Plane Image
Processor Employing Time-domain Computation Architecture, " in Proceedings of

the 2007 International Symposium on System-on-Chip (SoC 2007) , pp. 23-26, Tampere, Finland, Nov. 19-21, 2007.
SRETHART : 2 AHBLE, 3 A 8&5HY—JL @ Cadence ft: Virtuoso, Synopsys #t: Star-HSPICE, Mentor #t: Calibre k5
JRAFE100,0000 E HEZY r v—24 CMOSO0. 18um 5. 0mm A F v 7 Fy &l : A X =Pk vy /Av—FkvH

MERY— KRR MVBEERAE K-MEANS 7Rt v Y
RRARERZEMBREEBIZHARR P &5, BE X, XHE

BE : X7 PVEROEEZRE LS E, X7 PVORRBES T2 EDTE ZNMAEDE
VWK_MEANS 7L 3 X A%, B NR MCT — F HEMiT & 2 K, FERRHCOI 21T 91
BEME a X FdEIcE <, BARES A7 74 VIR T, 20k »iiF O
2006 4 1 Hagat HAZ 018um Tld, Z OERFHMBERICIGZ 5 7= D ICAMTEECTHIFE I N
BTy b7 —F% 77 F v X—R L L, KMEANS 70+ v ¥ Ot HIKH D5
MEN—F 727 REOHIFZHEEH L7 —F 727 F v %2H>K MEANS 7at v 4 %%
Z, FUELBFELMHERL 7. SRIOHGTIE & D RoR#Eiifzt 52 5 K-MEANS§I&E %
FET 27012, s — FRALOBEMZRAMET 2 2 L THBEKSE 27 LTY XL
%, WTA %1ieldo K-MEANS 70t vy 32z % 2 L TEBHLZ. A7 vt v 3% 256 R
7 PV 6435 SIMDIZ X > TI6 0 —FIC3HT 2 2 L TE .

SZ3WL : [1] Hirotsugu Shikano, Kiyoto Ito, Kazuhide Fujita, and Tadashi Shibata, "A Real-Time Learning Processor
Based on K-means Algorithm with Automatic Seeds Generation, " in Proceedings of the 2007 International Symposium on
System-on-Chip (SoC 2007) , pp. 7-10, Tampere, Finland, Nov. 19-21, 2007.

SRETHART : S AHBLE, 4 AR 8&EHY—JL @ Cadence #t: Virtuoso, Synopsysft: Star-HSPICE, Mentor #t: Calibre k5
JZZE 100,000 EHEFY vw—24 CMOSO0. 18um 5. 0mm M F v 7 Fy7&Rl: 7w/ TV VESUE T oL v




VoIxyoL—4

REKRETEE EO X5

BE: 1. HW@E# DY v 74> L —% % Deep-n-well, p-substrate DIETPEr & p-
well37u—74 Y 7RELRS. CRICEEREZAIMT S 2 LIk D) nmos F 7 v PR
IR LR 7 vy 7 Z I DOFER AL 7 AZHAMTE 5. 2z FIH L TLSIDK
HEEIMLEFEBT 270072 S, 2. HESHEZ 1B v AL —9%H
WTAT) . HMICEFE DY v v L=yt on—T 4 v IIRED Y v I A L —F &2
WA, EEDY v A Y L —F QWG T3 p-substrate 2380 p-well &S U 72
7 5O LI nmos NDHNE L 22BN A 7 ADHINETCE R\, L L, 71
—F 4 Y IREED Y v 7 v L — %1% p-well 28 Deep-n-well TP E N T2 %, EH D
Yy AT L—4% v nmos IO RIEE 70y 7 LIS L TR A T AZANT %
CEWHEEE o TS, 3, RERMICE T EFOY) v I Av L=, 7R—F 1V
TREDY) v 7 AL L= OFEMELE L S 2L —v a VEEROHEZT, Y2l —a VREREEMEIZ LTI L0 2
&, nmos IZHIIN L 723548 A4 7 ABIHIC & 2 BRI Thbh T3 Z LR TE 7.

SRETHARD - 0.5 AHLLE, 1 AHASM &5V —JL @ Cadence # Virtuoso, Synopsys 4t Star-HSPICE, Cadence % Analog Ar-
tist, Mentor #: Calibre ~Z> I &% 1,000 2, 10,000 A% BHEZY @ v—24 CMOSO0.18um 2.5mm A F v 7 FyvTE
Bl P TEG (Reit:RTAmmEI % 22 &)

LS| #fEZiRERTMA TEG (4)

NP NE S e e S =J# =M, BEl =R

BEE AL, KBIEUL, Y odl, 7Yy FFy TEREHIC X D INEEE 72 o % LST ok
BT Ry, MR ORBEZWIREIRE - HEIN TV 2. £F v 71k, Ths D LSIK
FEZWESEZ MM T2 2 L2 HNE LTRENL 72T v 7O—2TdH 5. FERlCRIAR T Dk
BEGE T %2 2T 3 2 BEEIC B VW T, BRA R OB WP, iR CORBAIEDE 2
WIS E OMERE R G 2 28R TN T % 2, SRR % H T 5 TEG, 1Eh Z Teifeid
RMgDA B 2R ICZEZ 7 TEG 2L T 5. BXAMNERZBHEE LB WdE 2o
RELTED, SRR T & 3B S LT e, #EHiE, Cadence #: Virtuoso L
A7 T4 Y EHOEFHLA 7Y FEEHC L DITo 7.

SRETHEAR 1 0.5 AHMIE, 1 AHKM %5y —JL : Cadence #: Virtuoso, Cadence #k
Dracula DRC kY I X&Z#:10 KM HHEZ>:wv—24 CMOS 0.18um
2.5mmx5.0mm v 7 Fv F&B : TEG (FREEhn#E 2 &)

LSI R ERESHEHA TEG (2-3)

NP NE S e e S = =N, BEl =R

BE © ik, KEBAL, 21k, 79 v 7F v 7IEEIC & b R L 7 - 72 LST okl
BT Ry, MR ORRESWIREIRE - HEIN TV 2. £F v 71k, Ths D LSIHK
FRZWEEEZ IS 2 2 L2 HNE L TG L 2 F vy 70—>Th 5. Bk Z BN TTHE
TS O ZE B RS % BTN 9 B Ky, BORRREIRE D R 2 WM 26 T 585 @ TEG % £
LT3, @&, LA 77 b2 T4 ¥ 2HVEFELA 77 FREHI X D fTo 7%, LSIiK
BEZWESEGHGH TEG (2-1) ~ (2-3) Ml k-oTw3. BRNEREZLELE LxWwE
WiEEEZNRELTED, (2-1) & (2-2) FFBEKIEITF & BRI LR
h, (2-3) 1%, ok, MMEmEERINnTw3. (2-1) & (2-2) 1%, PNE&Y
A TR B

SRETHAR C 0.5 AHBLE, 1 AHE G 5REHY—JL @ Cadence # Virtuoso, Cadence %t
DraculaDRC kZY IR : 1045 #HEF> 1 v—2 CMOSO0. 18um 2. 5mmx5. 0mm F v 7 Fv F&HRI : TEG (Rei:avfi
A2 &)
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LSIBE2HREF A TEG (5-1)

KRRZIEHB TR = RN, PEER

R M, KB, e vil, 7 v 79y 7RSI K D WL 7o 7z LSI OfilE
PW AT ) Ry, A ORBSWHEEEDRE - SN Tw 5. £F v 73, Ths o LSTi
FEZWEEEZMI T2 2 L2 HWE LCHEILAF vy 7O—2Th 5. KEIFLFHLSIT
DOHEEZWIERE 2 T T2 2 L 2 HINELTED, 80386 A4 7a 7ty 047y b
ST Z2ET B ITCYYRyFw—2HEDITO70 70y 7%2L A4 77 FEKL, 20
wru7ay 72408 L Tw . BRNEREZLHEL L ZLBEEENRE LTS
D, FEE ARG & 3B S e Lo, LS W E A TEG  (5-1) ~ (5-
4) Ao TEY, (6-1) BHBRSRMOERERER, (6-2) ~ 6-4) FFEOEHT
IR Z M D IAA A REEK & 22> T 5.

SRETEAR © 1 AALLE, 2 A RSPV —IL @ Cadence #: Verilog-XL, Synopsys %k
DesignCompiler, Synopsysfk Astro, Cadence %k Virtuoso, Cadence #: Dracula DRC ~;Z > X% #:100,000 DL F  54E
Y :im—24 CMOSO0.18um 2. 5mmx5. 0mm 5 v 7 Fv Fi@hl : v rn 7oty

LSI SR ElA TEG (5-2)

KRR ZEHEB AR = RN, PR ESR

BEEE : fiidk, REEUL, ik, 70 v 7 F v 7REEEIC L D WL 7o 7 LST o
BWi AT ) Ry, A ORBZWHEEEDRE - SN Tw 5. £F v 73, Ths o LSTiK
HZWEEEZMG T2 2 L2 HWE LCHEILAF vy 7O—2Th 5. REIFLFHLSIT
OHEEZWIERE 2 Tl T2 2 L 2 HNELTED, 80386 A4 7a 7ty 4047y b
Sy ZEAT B ITCIY Ry F2—27[HEblTO~ra 70y 7L A 77 FEKRL, 20
wru7ay 72408 L Tw . BRNEREZLHELE L 0B iEEENRELTE
D, FEEEIEANE - & 3R S LT w kv, LSIEEZ WS E A H TEG 6-1) ~ (56—
4) Lo TEY, (6-1) BHBRSRAOERERE, (6-2) ~ 6-4) FFEOEHT
IR Z M D IAA A REE & 22> T 5.

SRETEAR © 1 AALLE, 2 Ak RSPV —IL @ Cadence #: Verilog-XL, Synopsys %k
DesignCompiler, Synopsys fk Astro, Cadence #k: Virtuoso, Cadence #k Dracula DRC ~Z > ZX&#:100,000 DL E  51E
v :im—24 CMOSO0.18um 2. 5mmx5. 0mm 5 v 7 Fv Fi@hl : v rn 7oty

LSI SR EHA TEG (5-3)

KRR ZEHEB AR = RN, PR ESR

BEEE Sk, RBEBUL, ik, 7V v 7 F v 7REEIC L D WL %o 7 LST o
PWi AT ) Ry, A OEBSWHEEEDRE - HHEINTw 5. £F v 73, Ths o LSIiK
W EEZM T2 2 L2 HWE LCHEILAF v 7O—2Th 5. KEIFLFIHLSIT
DOHBEZWIERE 2 Tl T2 2 L 2 HNELTED, 80386 A4 7a7nty 0¥ 7y b
Sy EAT B ITCIY Ry F2—27[HEblTO~ra7ay 7L A4 77 FEKRL, 20
wru7ny 7408 L T3, ERNERESEE L aVLHEBEENRELTE
D, FIEEEIE ARG T & 3B S e Lo, LSTMEZ W E A H TEG  (5-1) ~ (5-
4) Ao TEY, (6-1) BHBRSRMOEFERE, (6-2) ~ 6-4) FMEOZHT
IR Z M D IAA A REEK & 22> T 5.

SREHHEAR - 1 AHBIE, 2 AHRM  2REPY—JL : Cadence £l Verilog-XL, Synopsys £k
DesignCompiler, Synopsysfk Astro, Cadence #k: Virtuoso, Cadence #k Dracula DRC ~Z > ZX&#:100,000 DL E 51E
Y :iwu—24 CMOSO0.18um 2. 5mmx5. 0mm 5 v 7 Fv 7i@hl : v yu 7oty




LSI R R ESEHA TEG (5-4)

KRR ZEHEBEHTRR = RN, PEER

BEEE : fifdl, RBEBUL, vk, 7V v 7 F v 7REESIC L ) WL %o 7 LST o
BWiZAT ) Ky, BEA OREESHIERIESRE - HEINTVw 5. KF v 7, T s D LSk
FEZWEEEZMI T2 2 L2 HWE LCHEILAF vy 7O—2Th 5. KEIFLFHLSIT
DL WIERRZHIT 2 2 L2 HMELTED, 80386 ~vA 7r7aty D% 7y b
Sy ZEAT B ITCIY9 Ry F2—27[HEblTO~ra 70y 7L A 77 FEKRL, 20
wru7ny 7408 L T3, ERNERESEE LaVLHEBENRELTE
D, FEE ARG & 3B S e Lo, LS W E A TEG  (5-1) ~ (5-
4) Ao TEY, (6-1) BHBRSRMOERERER, (6-2) ~ 6-4) FFEOEHT
IR Z M D IAA A REEK & 22> T 5.

EREHHEAR - 1 AHBIE, 2 AHKRW  2REPY—JL : Cadence £l Verilog-XL, Synopsys £
DesignCompiler, Synopsysfk Astro, Cadence %k Virtuoso, Cadence #: Dracula DRC ~;Z > X% #:100,000 DL F  54E
Y :im—24 CMOSO0.18um 2. 5mmx5. 0mm 5 v 7 Fv Fi@hl : v rn 7oty

ERFEEDEHEOERNLIEZ B W7 707 8iFR e
RRAREZERZEMAZEEBZHARE CKRHEN, KHE

BEE - Sl UBIIGT R EDIERE 25720, N—F 7 = 7EEIC L ZEHELLLR>E %
V. BIEEAEETIE, £ TEIROMIEZ o) 2 088035 5. AfETiR 7 u Jlige i
W BRI D AT o7, £9 7 L — LI X ) BEREE S EWRE RS L,
OB IC & 2 b2 HELINC T . 2o @EEy b) 278X 00T 1A
FFTeR M I L RERL, BEZMfHT 5 2 & CIEOMBRTZT ). mERHZ Y
HWE LT 2 72D DBEOIE IR b HEZ2Y, TORME, &) Fi&zEA
L, BifRHEROBEEy MIERERDO D O LBUA % 2 B % H o T EIE 2 85  1C
EDDLFLEEERLEL. BTy 71 64x64WFED 7 4 b ¥4 A — F2HBH L, Boms BET
HifE B DAD 5. KHFED 7 L — LMY THEEEH, 2087 MIEELL. AN
A FVEOHKZ EFIE 7w —T 4 v 77— b MOS Eiffiz W7 M cHB L, HEEN%
BN A .

SE3HL 0 [1] Yusuke Niki, Yasuo Manzawa, Satoshi Kametani, and Tadashi Shibata, "A Moving-Object-Localization
Hardware Algorithm Employing OR-Amplification of Pixel Activities, " in Extended Abstracts of the 2007 International Con-
ference on Solid State Devices and Materials (SSDM 2007) , pp. 1062-1063, Tsukuba, Japan, Sep. 18-21, 2007.

SRETEART : 2 AHDLE, 3 AHKN 35V —JL : Cadence #l: Virtuoso, Synopsys f: Star-HSPICE, Mentor #l: Calibre kS
YR 100,000 HESY  m—24 CMOSO0.18umb. 0mmAF v 7 Fy BRI A XA -V Y /A -t

7rOJEEEET EGAEKE &1 c | KPPED XY MLAREIRE
REARFRERIERHARE 1| BB

RRARZRZAERBIRBZMER  CAHEN, EHE

BE ATy 732008 HWTRHE2ELE L. —0HIX, 7Hu JREEzMH G
WA BARHEEDIETH 5. £37 L —LENIC & b HEREE S ER 2 IS L, 5
W2 BRI & 2 —ffifb 2 mEEINIcAT). Cofi @Ery b) 2T8XIOFT ez b
FTERA N Ta%ERL, BEZMELT 5 2 L ciikofERIE 21T . MERRZESS
WE LT 220 OBEOWRED RO EELD, TORMIF, LwIHIFLLBaerEA
L, BAEROBIEEy MIEFHEKD b O EENG R 5 W % H > CEIfE 2 #EI50 I
EDDTFHERER LI, KTy 7 THRERMBOILE L 2 DFHli 217> 7. o HIZ, A
REOHE 70X v 2= & L ERHERZR VLS > 2 7 LMEETH 5. K~
PV T®H % PPED X7 b L% EECHERARER 70X v Y ORF L 7. KRGl = v
UER%Z SRAM X BV IRFESE S 2 LTy DERZENTEAL, HEH TR PVERZEANSE 2 2 & THIRNAE~Z T
AR ZEBIL 7-.

SRETEARD 2 AA ML, 3 AHANG %EHY—IL : Cadencetl: Virtuoso, Synopsys #k: Star-HSPICE, Cadence #: Dracula LVS,
Cadence #f Dracula DRC, Mentor #f Calibre k3> ¥ &% 10,000 B4 1, 100,000 ki HEZ> @ w—24 CMOS 0. 18um
2.5mmfFy 7 Fy7ER : TEG (ReM:aHifilals 2z &)
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Smooth Optical Flow 5+E[EH

RRAZRZERIZRMARE B XEE ZRE

RRAZKRZ AT EISE R 2R SHE

BE : BikoBiE X7 L)L (optical flow) Z#RDZ I LI2k->T, BEDOHAEREX
A% 2 EHTE L. Normal optical flow DFHETIE, B E X7 bV OFHEIZRFTN 22
BROBEEMEEHR L 2l 2720, aperture RIENSHEIEL, RO B E X7 b LHSIEMEE
IZRITS &) MEDRDH 5. oz T 5 72912, smooth optical flow D 7L 3
AW [1] TRESH, N—Fy 2 7EENTONL. BKF v 7T, BEOFHHRFERD
{EHEM: %2 9 % 7= ® 12, smooth optical flow DFEIZE W T b BE R FEIITIT, KB
FTHLIRET 2N HIBL v O 2R ORESRZEM L 7. FEMGEEO 72012, 8X8E Y
DT A Al e FE L 7.

2EXHk © [1] A. Stocker and R. Douglas, “Computation of smooth optical flow
in a feedback connected analog network” , Advances in Neural Information Processing Systems 11, 1999, MIT Press, pp.
706-712.

SRETEAR - 2 AFBIE, 3 AR |jEHY—JL : Cadence#l: Virtuoso, Mentor #: Calibre, Avanti#: Star-HSPICE kS YR
&% 10,000 LA |, 100,000 A% FHEZ> 1 v—24 CMOSO0.18um 2.5mm v 77 Fy 7Rl @ 7w 7 /7Y 8 V5507
vty

FAYEIYIERANI LYY F I ZAVWCRRREIEZSER 7O Y Y
RERFRZ I ESAIR R EHAIR BRE I, N\A Vv, HE #HX, EHE

BE  Hilio® 7 L —2hoYkos o, 208EoRit 7220 IEETH S
B, —BINICEHR a2 FEC, EHON—F Y 2710k CHEHEBLT 2 A v PSR E
VL AERETIE, BIERIEomTOBESE VY, FHCHHEa A roEwTay sy v
TRIAEZ Yy PO A I h=ey F U I oTTY, WEDEIZDORE I L AHZK
W22t TEL TRy H2HFE L. H£7 L -0y Y7 —F ZHBCHAINIZY
HL, BEHEOA v F v 7ARVICHETSH LT, 7uy 7HNOT—2% 1 7ay 794
INTAHLTL B2 ENTE, I HICEDHERNRHRE, RAMERR ZWINETT 5
T, 1 27uy 79 AL INICOZERED 1 EATOBE R P L2k 2 2 EOHBETDH
5. AF v FIZBIRET 1.2V, BIfERNEE20MHz T, 256 X256 € 7 & )L OBE)EIZOWT,
I6X16 72D 7uy 72y F vy /ick-oT8EZ v VHMNOEE 2B TE2 I L%
FN & > THER L 7.

SRETHAR : 2 AAML L, 3 AARM REHY—JL : Cadence #: Virtuoso, Mentor #: Calibre, Avantift Star-HSPICE, Sy-
nopsys f: Nanosim, Hercules, Star-RCXT +;ZYIYZX&#:100,0000 F BHEZ > 1 v—2 CMOSO0. 18um 5. 0omm A5 v 7
Fy 7R : 7w/ T INMEFAE T vk v

HEEStEY YV LSID=5H D CMOS B4 S I8iEE &
LEERFEHNERZHARE BRI AH &E SHRK sHE

BEE - ARAREENICH 2N Z 2 N MR ES 2 v > v 7 LS O FEBUZ, RATES) & ik
TEEIOMRE EMEICIEET 2720, AR TEE X OEYFOTHTHEINTHL 5. A%
TIE, HZANF v v FIVRMATARES X > > v 7 LSI D 728 D CMOS R AE 5 55 5 3] 4%
DGET#IT o 72, Auto-zero Hiffi# @M T2 2 £ T, DCA 7k v MEE &AM %
WY B LR, ANBEEZMOT 5. ZHuck b, BARKHMES (RIS : ImV &R, &k
¥ i 60Hz) ZAi(E5 (RIE : 50u~100uV BE, FMBEERS : 500~1kHz) <X L T
20dB PRI X & 2 Mk & 3Gt L 72, S h A BRR 7Ty VEB T T 2 Lick
DICOPIEZHHRT 2 2 LA TE D, WERBRLD, PERMEFKTIRHMKINTE 2d > iR
iMET IR L TR 18dB RN T % 2 & 23 HTRE T, MRS5S % 35.6dB IR TZ %
BATIA v E—F v AMigNEE 2 FEB L 7. NS (~100kHz) 1X2.7uV, 1 AJ1F *
FIH T ) OIEEE L T0uUWEL. 4V TH 5.

SREHHARD - 2 AHDLE, 3 AR |EHY—JL @ Cadence £ Virtuoso, SIT#k SX9000, Synopsys #k: Star-HSPICE, Cadence #k:
Analog Artist, Mentor #: Calibre, Mentor #: CalibrexRC ~S > X% : 1,000 8L E, 10,000 A4 SHHEZ> @ v—2 CMOS
0.18um 2.5mmfAF v 7 Fyv 7Rl : 7w (PLL, A-D/DC-DCavy =% L)




SEEERG 7O EROE TEG
LEEXRZEHVERZARE AH XS SHEK sHE
BEE © Ko Ph, EERNOEMPIERHHRZ &2 M8+ 2, AEmHEm /N L
VY OEBABBEEIN TS, KfEF v 7 Tldx ‘/ﬁ"a’:%ﬁf‘? 2 — R 75 Y5 SR i (B
#, ¥4 2V v 7 Analog-to-Digital Converter (ADC) , ﬂx_AHﬂBZﬂDADC:;‘o
O v Farv—2%7ru sEERETEG & L’C.:IWFLK BEF L 72 CMOS %
BERIEE D DC 74 »1%84dB, A1 v b4 7 % 130kHz, HZi%E S 7T0uWel. 5V TH 5.
FA 270y 7 ADC IZHHERIERIES & 1.5bit 2 > 8L — 2 TR L, 12bit f#RE, ¥~
70 v Z WS 10kHz, EEE 113 50uWel. 5V TEIfET 3. F BRI ADC i
8bit 7y figRe, > 7Y v VIR G0kHz, HEES 10uW TEIET 5. F v T OIS
BITHIFETH 5.
EREHHEARD - 1 AHBIE, 2 A& $|jEPY—JL @ Cadence #: Virtuoso, SIT#: SX9000,
Synopsys f: Star-HSPICE, Cadence #: Analog Artist, Mentor £k Calibre, Synopsysfl: StarRCX ~Z2IZX%%: 1,000 L4
F, 10,000 44 HES Y : m—2 CMOSO. 18um 2. 5mm s+ v 7 F v 7Rl : TEG (RREFFmGEIEE 7 &)

AEZEXIRE T ST —7BIEDE

LEEXRZEmRYERZHARE mH &, EHE

BEE R4, AMICBIRT 2 /4 oE#H % Lk vy 2y b7 — 7 CHEGERICHIGE U AR
BHETEY LT3MELIRINTVS. L2 Ly EEICEER» s HushTns
ERARTIIERPTEHZHIBL L FORKEOMEIGES v, —F, ATl iﬁ
FUIATEZ2S, BNy 7V HFarb W T H 5. AT CTIRERIA T DKIH L E S
A5, NMEZEEERE LTHHT 2 8ERKO 70y by FEEIEL %. /\Mﬁi{ﬂﬁﬂﬁ
LT 2BETIET 77 v FRFERE TR I N2 72O ICHAHOBREP ADOLEI L -
TEZEREPRECEHMLTCLEID, FVT—Y 740V EECANRKD ST v F
BEZGIEL, ANERZNIRES 2L TEZEREBEZRAMEL, ZOREZERL .
AT v FIIEZAF M TEG D 13h 7 — 2 R ERE 2 E/ML T 5. Fv 7TiHfiiERT 72
2, MEEFALZELEES I 2L — a v TIROBEHEE IMbps, H&EE ) 4mW 2355
ncTws

SRETHART : 2 AL, 3 ARG 350V —JL 1 Cadence #: Virtuoso, Cadence #: Analog Artist, Mentor #t: Calibre k3
UZH¥ 1,000 F, 10,000 5 HEESY : m—2 CMOSO. 18um 2.5mm fiF v 7 Fv 78R @@ (RF [, ATM %
&)

PLL Ic &% LSI TR MAEREERIREE

NMKEY R 7 LEREIZEAT = HX, EXED

BE : LSHICHAA TN ERIEHE I N Y F X v v 7 E BRI ER GRS 2 n L 7%
MBI S ND DA TH 5. LSIAICHEETTRE 211 £30% D Ot iRz % &>, Bt
DIFENZ DETHEDONTLE . LSHET238HAICIE MY S v FFEE2M#H DI3JEN
THL. WIEX Y SO I TEEMIDZ AL v F U T X v 80 ¥ FEBREINT WL B,
F o ST Y IIRERBEBR LS DD, HHEOELE XS O X IFEAR E LT IB%ITE L %
i s v, SERMELLF Yy 7TOEBRBIEEIZA A v F X v 80 Z KD 2
Ay F v I REERE S TRENT 2L AT LNETFETHZ. AL v FFFr v 2Ick
DAERL L 7 il fl103, 70k 21260 E 2R ORRMEOMIZ, 2L v F v BRI X -
THHETE 2 RUICEH L, WNIRIEERIEZ > TF v 7HBICAL v F ¥ TR ZKIE
ST 2 FIRERE L. KIEIC KD F v 7RISR F o 72 BB KRB 7% vz s A
T LIEMERR R E IV T PLLIC X D ZEIHED Z L3 TE 3. 5 Rohm018 O F v 7% 3AfE, %3t L R0 Gz %2R T %
b .

ERETHARD : 2 AAMLE, 3 AHKM E&5Y—JL : Cadence ff: Virtuoso, Mentor ft: Calibre rSY Y X &% : 10,000 L4 |,
100, 000 &fwi  HIEZ > : v—24 CMOSO0. 18um 2.5mm AT v 7 Fy &Rl : 75 u s (PLL, A-D/DC-DCay =427k L)
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BENE LTSy FEIE & HEENAERRE

BEEZRFERFRIEN  £HIER, LA BEE, FET

BE . SBEHENLE LIMEE IR /NS v paldn 2 1 F 7 A4 NFICEREN ) % BV
LA THD, SHBRINSGDFIANZHGE Z ECEEREEZ E\F2 2 L3 TE 5.
W BRE SO B 7 A N TR OHRELHEE I OMEK L 72 % O THERAKR O EXE) )
HHRRL1DIZESFETOLHEDS 10045 F TD paldn 25D+ 5T 5. Wiy 4bit s A
BIF XV —DAHDIA VDB ITORBOTHRVEWN) I AZBIEL, ) —E#e
TWw3, 05BN %2 BTy 7% 1bit o RIEEO K720, Bk H b @l
L X T\ 3. HilO] & FRROWIERIE OIEE B %2 WE T % 72 0 O BIE AL 4096 7
—+THh B, HEHICHEE D CMOS TH 4 AJ17 ¥ F% 4000 7 — b5 L 72 A% % ke
W3,

SRETHARD - 1 AHBIE, 2 AHAKNE &5t —IJL : Cadence # Virtuoso, Mentor #t Cali-
bre MSYIRFE 10000, 10,0004 HEFY i v—24 CMOSO0.18um 2.5mm fiF v 77 Fv FHER : sl (GFE
a, BREER R L)

SFQ/CMOS/IN\L 7V Yy RXEVYIRATFLBAXEY

BMEEUARZAZRIZN  EX &L, A5 5%, I)IET

BLE : R1771 : PC379DERI1771 : RO1807_41CCi%it L7z AR Y THRELZLA 77 F T A
ZEIEL 7. 97%b05 SFQ/CMOSNA 7Yy FAEY S AT LDAEYAETH 5.
F A R1d 64kbit. BIEFEFTIE 77 v F 94 v eI 4 Y HER > TORESTDEIE, 2
EVELDVL DOV TV RO TREICE > TWARE2BIELL., £/, 7a—F
TEZBE L, WOPAEL T a—FOHIRZITVZIICADE 7V PRI YA RADZE
BEET>Tw5. VTR T 2 —FOREMRZ 1T . WEILRZIIT>TwuRnk
O, EHHEIHERETE TR, BH, WELTIFETHS. XEVOEADICHZY v
74> L —#I1xR1771 : PC379DERI771 : RO1807_ 4 £ Al—D b DTH 5.

SESHERRS : 2 AJILLE, 3 AJIENS SV —JL 1 Cadence # Virtuoso, Synopsys &k
Star-HSPICE, Mentor £k Calibre, Mentor #: CalibrexRC ~Z VI X&F# 1 1,000 2L
F, 10,0005 FEZF> : v—24 CMOSO. 18um 2.5mm 5 v 7 Fv 7&Hl : x €Y

70ty ELTHIATEGBARNEY AV 7X¥v 3 7ITFINAR
RRPRZEHRIARE ML E— BEXRER, 8882
UMERERSETEMARERE Pt T4

BE : AF v 713, HEEEBRITEST AL 201 2THY, ¥4 N ERTNEEED?2
RILT VARG ZH > Twa, KF v 7IcB 0TI 2X4=82 4 L& >, &2 4113, 4
S0 16bit B ALU, 24bitX512EDA Y A 5272 a v A€ Y E LN 16bit X512 ZEDF
— I RXAEBVENKT S, FE¥ANIE "7y E—F; L TALU7ZLAE—F; 22
DEEE—FZHFL, £7A4LE, 7oty FE—FTIR16bit D5 AL 774 vfhEh
REE 7Ry E LT, ALU7ZLAE—=FTIHALUS AT —FR=ZDN—=FT7 =7
Iy ELTHATAZ EDHETH 5. ALUSOREKEERIZ, WE— Fici T
ENTEYH, MRELEFOWBOTI D BEAICL), 7oy LTOEfEE ALUT LA
ELTCOBEPUIDEZ 6D, Z0E— FERIZY A VIRBOHIBEES I k> TiTbh
5.

SEXH : (1] #l, BEA, B, di " 7aky e — F2EARAA L ALU R— ZBINTEFRER 754 2", pp. 64-69, B 11568
B2 EAIIgE R Vol. 107, No. 415, VLD2007-128, CPSY2007-71, RECONF2007-74, 2008 4 1 F

SRETHAR 1 1 AHDLE, 2 AHKM 3BEtY—IL @ Synopsys#: DesignCompiler, Synopsys#: Astro, Synopsys #: Milkyway,
Cadence t: Virtuoso ~Z I ZX&5#: 100,000 = FHEZ> : v—24 CMOS 0. 18um 2. 5mmx5. 0mm v 7 Fv FiERl : <
A 7u7atyy




(EEEERIEE Y X T LARIT 158 MS/s JPEG 2000 3—7F v 2 LS| ORH
SRXZEABEHRR L EE, HREN, B EX, EHE—, A Sk

BEE :BIfE, 2EX P A%y Y — 7 OFREICK D BREROESEE - SEMsEmRk
NTw3, F£7, NTHERER ETIHOBEERE D EECTH L. TN DERZ 7 3§
JEAEBeART & LT IJPEG 2000 23281 501 5. AWH%ETi3, JPEG 2000 & TR 3 <l
HEMN% W EBC (Embedded Block Coding) #Bic oW T FOH L WAL GRE L7
—XF 7 F e RHFELL. Ev P 7L —=vlFIHREASRWTN R LD AV—=Ty + %
FEHEDIXEY F L —vBEfGE LT, Ev b 7L — Y DUFILIEZE fT V2535 regular
mode ZH F—F L, mEEMNML 7, BENLHEICE>TTa—FKROALV—7y % 32%
[ k&% 7. EBC X UBPC (Bitplane Coder) 7—% 727 F ¥ ZF% L, 160 MHz B}
fET 1568 MSample/s D A)V—7"y b ZFEHB L7z, FEHRKL T 7 —F T 7 F vickbha
—F7uy 7ML LC, a—F7uy 7HXAEVERE 64%, BPCHAE VA
HZ67%HIEL 72, 0.18um 7'v ¥ A CikfEx2 1T\ — P U 1004, v 7HEIZ 7. 5Smm A TH > 7z,

SREHHAR - 10 AABLLE  2&EHY—JL : Cadence #: Verilog-XL, Synopsys #: DesignCompiler, Synopsys #: Astro, Mentor #l:
Calibre b3S YYZX7%:100,000LL  HEF> i v—24 CMOSO0.18um 7.5mmMAF v 7 FYTER: 750/ /7Yy VES
A7 v &y

INRBE#z Delay IR TEG D&ET (2)

BANINKEXRZRIEHAER = EHF

EANIRREIZE BER

BE : OB Z2 BB 01200 5 &, iR Delay [l & VCDL o =212 & h %
BN EE > T, Filft Delay [l#g & VCDLICk DY vy /A L —F ZRER L,
RBICA Y N—= Y B TR L, HhXNsBLEH->Tws. VCDLIZY v 74 L —%
DI BB % ST 2 72 DOBIERPE T H 5. FEIREIEE D FHE X, AL % WE T 5 Bk
D JHPICBLIE L 72 BRI, FEIREIEEE F C R OE S 2 MA 5 7= DIl L e 5. Fiff
Delay [Ml#13, 0 U 72 BEADORH & bus Bt TR SN TED, L7 2Ick>TKF T
AN, LY —NEOEMREEZ L ZENTES. 2095 LRI AN ARBICERSINTE S
T, JOREEE N AR 2 S 2 RS CORIRMIE B DD 6, BLHHEE 2 B 9 2 5K
Lo TW5. Z0F v 7%, BHicEfEL =2 F v 7OREKICREL?H b, %17 2 7%
Mol MEBIELEDDTH 5.

SRETHARD : 2 AL, 3 ARG 5&EHW—IL @ Cadence#t: Virtuoso, Synopsys #f: Star-HSPICE, Cadence #f: Dracula LPE, 175
Cadence t Dracula DRC, Mentor 4 Calibre, Mentor # CalibrexRC IS I X7Z# : 100 L, 1,000:4K5 SHEZY i v—

2 CMOS 0. 18um 2. 5mm fyF v 7 Fv 78R : TEG (RpHERFAfillH 7 &) %
=
9’_
v
VB - B DC-DC O /\—% FaHI#EER LS| DB _ A
BILRTASTSHER  El a0, SE R, E 5 ; 1};
BE : DC-DC 2> ~— % /N - AL, ERhRIL &2 HBT 2 7201013, ZEhlins i
iz, PRI & 2 FIEIEEDAE & 5> T 3. SHEORMECRRBEE‘S 70y 705 P

5, B AT U > ARG O ikds, AND &R, V7 b A& — b EEFAER R, HAE
BIEFRERE XA RT v 72HE L. € 25U > ZHIHA O g 13445 oikdi 2
HoTexT ) v ARk ER7-¢ 5. 7, HEEREZ3 AL, V7 FRAY— FEEHE
[l & OIRUEB TR AR EHAGDLET, V7 bR — M2 E ¥ 5. A7V 7
GHHEBEFERBEO =T 4 74 v Ny 7 7 L LTHV S, 206 DML A THAR
% DC-DC av N—¥ QiHli#4T ) FPETH 5. M7 vy 7 iEHin & FETH 25, T4
YNV ORREDEIEE T 5 7.

SRETHAR - 1 AHADLE, 2 AHRM 55V —JL : Cadence #: Virtuoso, Mentor 4k Cali-
bre ~ZYIRFE 10000 E, 1,000%0 HEZ> : v—2 CMOSO. 18um 2.5mm fF v 7 Fy7&ERl: 79w (PLL, A-
D/DC-DCav =% &)




—
o

ISR W TN

v —Y Y FHliA SRAM

NI EXEY A I OBERfTEY 5 — B H ME, PNz

B SEli 7 v XD SRAM IZB W T, FHFAHifbicfl 5 KREEL, Rk s > EWRIC
IO X2V LVD ) A R =Y U BARRL, BIEARTRE L &2 2 EIMER SN TwE. 20
FIE~NDORNH E LT, SRAM®D / £ = — VEBEHZHBIY — LT3 2 Lick b, @
ZSRAM L+ T v PRI A4 XERBICKD 3 Fikzmithtd 5. KkfEF v 713,
Z D SRAM ¥ VT HEDORIED 7DD TEGTH 5. KFv 7, B 50 A8
£ RDAEY £ 2FH §FE D 256bit SRAM Z#E#i L T\ 3. 2 Z4d SRAM O Ejff
=Y ELSITAY =2 HAWTIHIi L, &Gl kD 4 Xe— Ui L NS 2 2 L1
X, ERFEFRoOEIERTEEITS .

SRETHARS - 0.5 AHMLE, 1 AHAM /5 —JL : Cadence #t Virtuoso, Mentor #: Ca-
libre MSYYRH#:10,000 L1 L, 100,000 A H#ES> 1 v—24 CMOS 0. 18um
2.6mmfyF v 7 FyTER A€

=i - SAKE7 702 CMOS EI&E{EEY TEG

BERFERERIEMER AR R

BE BB RIS 250 - SR 7 o S ERESERGHEREE O —BR L LT, & -
B IC OREFEBR2EML . b5 P27 LV DEEEEREE, LA 77 b RE oL
ZIEEL, AHB L R—b, H#ME1 €Y, Fv 7% 4 X450pum x 750pm, BhERE
1GH z DL L2 IR onE2#G L Tb 6o/, #4134 (B4:3, M1:7, M2: 2,
D1:1) OF%FHC X % 13 M E B L 7. T2 BRI AR O B2z 2 gy iE g, 2
22— FEYRMESRIRERE, LCAER, aly vElL Yy 78 L oRERE, 50y
AY DEERMEZAA LA 7 2 V2, ) 7L T —F@EHOA a7 4 g8
WV ANRERER 22 ETH 5. FHMlid A 70— 70 k0 9 L, SRR & R34 R
AL, FESILOBERCARGDRERZ AARLd 2 2 itk >, @# - G IC 0T
2179 EToOXRAL v P B X OEAE 7T — 7 X 2Rl 2 RS L T 5 o0 k.
SRETEARD : 5 AHBLE, 6 AR 5%EHY—JL : Cadence #l: Virtuoso, Mentor £t Calibre ~SY Y R&#: 1080 E, 100 A5
HEZY i v—24 CMOSO. 18um 2. 5mm 5 v 7 Fv &Rl @5 (RF A%, ATM % L)

SRAE7FOFEET) v VBEFRRF&EIEE TEG
BERFERERIEMER A R KERE— HitE XHE— GFRF
BEE &7 v 7 CMOS GO R, 8 X CEEREEREomEEEZ HINE L
T, BRAKEREETY Y THOFE T TEG B L AR TEG 2 #E# LikfE2 - 72, #&
WLAEETTEG IR, (1) nBMOS b v P AZF —MRDZ & 7% 5 kHEERRE)
(2) pBMOMOS F5 v 2% (F—FEDZ Lk 2KERFEE) , (2) A9—7v7
~DEAE M- e KERAA A FVA v 77 5T, HAMBTEG 3 (1) FARIEREE
(EFPER e 2 &), (2) AMESIZAH LA v 7 % L AFIRMIEE, (3)
LCHIRMEK 2 ETH 2. ZhoDRTORME, BRAKE7e -T2ty b =207
F I AT L 2 ST X — 2 O RBERHERHM 2 A B R TN & b BREO €
TV T RTRS. 361, FRME & RPN & OBFREHELL, 7T—2 =21k
X2 Z ko, BT v 7 CMOS RO E X% nEE & 3 2 bl B
ZIFL TITL.
SRETHAR : 2 AHLLE, 3AHAGM B&EHY—IL @ Cadence #f: Virtuoso, Mentor#t: Calibre ~SY I 2% : 10 B E, 100 Ak
REZ Y m—24 CMOSO0. 18um 2.5mm fF v 7 Fv 7RI : TEG (Rekafilnl 4 &)




0.18 um CMOS ASIC

RRRFIZHRFHERER A A BRERE 565
HRAZIZPHNAAIVIZFUVIER  BERER

BEZE : We have been designing ASIC chips with 0. 18 um Rohm CMOS process since
2006 September. Our purpose is to use ASIC for front-end electronics of nuclear
measurement and imaging such position emission tomography (PET) . Four chips
have been submitted by now and all of them are shared by several colleagues in my
laboratory. In September 2006, I have designed a charge sensitive preamplifier in
the first chip. The preamplifier has used both NMOS and PMOS transistors as well
as capacitors. The function of this charge sensitive preamplifier is to convert
charge signal to voltage signal while noise performance and response speed are the
key factors. Later in November 2006, we have submitted another ASIC chip. In this
chip, I have implemented variable gain amplifier (VGA) and digital to analog converter (DAC) , both of which re-
quires large value resistors and switch. I have adopted N-well resistor for the simple layout and NMOS transistor as the
switch. In March 2007, we have designed another chip. At this time, we have mainly fixed the design and layout mistakes
of the first 2 chips. I have revised the charge sensitive preamplifier with NMOS capacitor and VGA with poly resistors.
Meanwhile, I have added various resistors to test their characteristics especially linearity. Last submission was in 2007
October, [ have revised the charge sensitive preamplifier again to include an internal bias circuit. This design is close to
prototype design. Right now, we are testing all chips we have received. We look forward to implementing a full mixed
signal ASIC chip for our application soon.

SRETHART : 0.5 AAMILE, 1 AHER |/shY—IL @ Cadence #l: Verilog-XL, Cadence #l: Virtuoso, Synopsys % Star-HSPICE,
Mentor t: Calibre ~ZYIR&% 100 E, 10040 HEZ> @ v—24 CMOS0.18um 2.5mm f45 v 7 Fv 7Rl : 7+ 0
T T I NME TR T 0k v

—




—
~
00

DR EIN e W IR

F/19FEE7EIA—L CMOS 0.18umEt1{E
(RO18077)

ALPHA (MEM_1)

EREEBXPERTFER %5 8, IR B, AN BE, IR B, RAJI BF, X% XKiE
BME @Y ar74 ¥y 77070ty ¥ MuCCRA 13, #%(®» PE (ProcessingEle-
ment) %7 L ARICUEARZAEEE b 5, BIfERICERERZ YD &2 206 % PEN
B, PERIO T =Y R2AZRRT 22 LN TE L. MRERIIA TV IR INL D, X
Y DA MuCCRA O K E %#lG% 50, BB >LTbFAMNTH S, £k, Bk
PERIQERRICIENF 7L I VIS LA, vy FEAALTOED, P T4 AT— Ny
7 7ICE B FEELHHTRTHL. 22T, KAF v I, FPIAARAT RNy 7 7LD A
4 v FOBIESR, HEIA L, ZOAL v FOEELZRET 2RRIEREZERITT 2 XE) D
KEZ EBROFMERNCELETZ L —FNA 72 T2 2 L2HNELT, PIART
— RNy 77 2L AL v FEXEY ZELEL 2. XEVIZOWTOEEDAOMEEZ
FEHIC TR T WEESHER S Nz, A4 v F & L COBEIC DL CIEBERIER TH 5.
SRSHEARS : 0.5 AHDL L, 1 AHFM |EHY—JL @ Cadence #: Verilog-XL, Synopsys #: DesignCompiler, Synopsys %l As-
tro, Cadence tk Virtuoso, Mentor#k Calibre ~Z I ZXFZ# : 100,000k #HEZF> : v—2 CMOSO0. 18um 2. 5mm & F v
7 FyTER v 7uTukyy

BETA (PE_1)

EERBAPERTER %7 #, ISR BS, PEAY BE, 1R ES, RAIIGTFE, KB X
BE . #HYary74Xr 770 78%y % MuCCRA iZ, #H%® PE (ProcessingEle-
ment) &7 L ARG Z &5, BfEFICHERETHZ ) D B 2 436 7 PE
W, PERIOTF =9 RAZRMRT 22 LMNTES. RXOMERNO—DTHB2HY a2~
74 X% 77070ty b OMEEELEEET 2720, PELEDH 72 D OBEER, K
BT &k 2 HEE N OZA, BHFEEICHE ) RANBILEDOE(L T EOXEF) 2 GiTT 570,
MuCCRA o PEL | & fEEIERE T2 2 v T X A P AT Y L 2N EHIHT 24
YER—=FEBEL Ty THERF v TTH . BIFRGEE BT, EigRAE Y 7
Vr—vay (7408970 OBENHERI N, HEET 7 EGBETIFO
BfEchH 5.

ERETHAR 1 0.5 AHBL KR, 1 AHAN &5ty —JL @ Cadence fk Verilog-XL, Sy-
nopsys #t: DesignCompiler, Synopsys fk: Astro, Cadence fk: Virtuoso, Mentor fk: Calibre ~Z> I ZX&#:100,000 X E &=
£ > i m—24 CMOSO0. 18um 2.5mm f4F v 7 Fy7@Hl: v rn7axy ¥

SEEZEmF 7O EROE TEG
LEERFEHNERFEHARE AH &G B RIC, SHE A5 sHE
EBXRZETIEE TH=T
BE © K Ph, EERNOEMPIRERHRZ &2l 2, AdmHEm /e
VHOEBRBELINT WL, KRMEF v 7 TR v I 2R T 2EL v, HERIE
[, K8 S BRI Analog-to-Digital Converter (ADC) , A8 S1a4 V%7
Fu 7EENEE TEG & LGAEL 7. BEFLAPN ¥4 4 — F ORI T 2R 31k
2.3mV/ CORKEZFF>. CMOS EENIENEKD DC 7 A i3 86dB, 74 v A 7 JHEEK
1Hz, WH#&ES)76uWel. 8V Th 5. F7BXIEIY ADC 13 10bit 7 fERg, v 7)) v 7
JElWe# 50kHz, HE ) 10uWel. 8V CEIffE§ 5. F v 7 OiHiiIZS%ITI FETH 3.
SRETHARD - SAARLE, 4 AAKN 5&EHY—JL : Cadence #: Virtuoso, SII#: SX9000
Synopsys #: Star-HSPICE, Cadence £ Analog Artist, Mentor #k: Calibre, Mentor #k:
CalibrexRC ~Z>IZX%#: 1,000 DL 1, 10,000 k% BHEZ> :v—24 CMOSO0.18um 5.0mm A5 v 7 Fv 7#&Hl : TEG
(RE PR RS 72 &)




AT 9BEEL 7= 7 FRREEORE1
LEERFRERERMERZMHER el KE, s@ B

BEE © 3SOLERMREAMIC B VT, AL TV A v &7 ¥ NOBFRA A % o 7 E50GEE
FEMEHINTW S, AFEIE, HlE 712X 3 SRTTEBICHNR, MESOEIES T
bY, BiEF Y TREMT LI LKL, RRIETIE, BARSDFAFE L4 v 50 1
AV —ax7 bhlEg [1] 28ET2Z2EZ2HNE LTS, £F, ZENE 251
BICT 5 2 LT, MHEERMEZ WS L. 7, A— Y nRE AL C LT, M
PRENAL T ABEANEZAREIIZL, 227 v AT OIE 6D EHIERHEIC L 2. &*
ZAEMEEH A 2 100um X 250um, A ¥ 47 & %4 X 100um x 100um, 585 v EEHHEE 60um,
HRRH L 1Gbps, HX RIS 11 X 2 51 Cikat L 7.

SZX@E : [1] M. Sasaki and A. Iwata, "A 0.95mW/1.0Gbps Spiral-Inductor
Based Wireless Chip-Interconnect with Asynchronous Communication Scheme",
VLSI Sympo Dig. Tech. Papers, pp.348-351, (2005)

SREHEAR - 1 AABLE, 2 AARN |/EHY—JL 1 Cadence #: Virtuoso, Cadence ft: Dracula LVS, Cadence #: Dracula DRC,
Mentor #k Calibre, Mentor fk: CalibrexRC IS Y I XF#: 1,000 b4 F, 10,000 £ #HEZ> : v—24 CMOS 0. 18um
2.5mmfFy 7 Fv7ER EE (REEEE, ATMZ L)

1T 9BEEL 27— MHREEDRET 2
LEERFRERERMERZMER el KE, s@ B

BEE  3LOnEMRIEEMTIC B\ T, A8 TV A V&7 ¥ DS &% o RENEE
FEPEHINT WS, AFEIZ, BEE 7ICX 2 3RIGERICHER, MEAGOLEBIES T
bY, BifEF Y TREMT LI EHHRD. RRIETIE, BARSDFAFEL 724 57 1
HGAvy—az7 bhlEg [1] 28BET23ZE2HNELTWS. £7, ZENK%2 ZHMH
BICT 5 2 LT, MHEREZYGE L. £, A— ¥ ulEefait 2 LT, M
PRELNAL T ABEANEZAREIIZL, 227 VPR OIE 6D EHIERHEIC L 2. &
ZAEMEEHY A X 100um X 250um, A ¥ 47 &4 X 100um x 100um, 58E{5 8 60um,
TRIRH L 1Gbps, TR RIS 11 X 2 51 ¢kt L 7.

SZX@E 0 [1] M. Sasaki and A. Iwata, "A 0.95mW/1.0Gbps Spiral-Inductor
Based Wireless Chip-Interconnect with Asynchronous Communication Scheme",
VLSI Sympo Dig. Tech. Papers, pp.348-351, (2005)

SREHEAR - 1 AABLE, 2 AARN |/EHY—JL 1 Cadence #: Virtuoso, Cadence ft: Dracula LVS, Cadence #: Dracula DRC,
Mentor #: Calibre, Mentor #: CalibrexRC ~Z YT 24 % : 1,000 4k, 10,000 A3 FHMEF> : v—2 CMOS 0. 18um
2.5mmfAFy 7 Fv7ER EE (REEEE, ATMZ L)

1T 9BEA 27— PRREEDRET 3
LEERFRERERMERZMER el KE, s@ B

BEE © 3SOULERPREAMIC B VT, AL TV A v ¥ 7 ¥ NOBFRAE A % o 7 E0GEE
FHEBEHINTVS., KAFEIE, HEE 71X 2 3RERICHR, fESDEPES T
bY, BifEF Y TREMT I LIRS, RRIETIE, BARSDFAFEL 7.4 v 57 1
GAvZ—axy bhlEE [1] 2HET2Z2EZHNE LTS, £F, ZENKE 25
BT3B 2T, MMESREEZSGE L. £, A— ¥ umEzsisAt 2 & T, MEHE
BRI N T RABEANZATIZL, DO 7 VP A DX D EMIERZHBIC L 7. A
VEIIH A RDEN K B 2EEORZEREERGT L. 4 ¥ 7 ¥4 X 100um i
DFEZEMEE IOV TE, EZERIEEY 4 X 100um X 250um, #1E 1 HEEEEE 60um, Ri%H
% 1Gbps, ERIEEE26 [ X151, £ >4 27 734 X 300um fi DXEZEREIZOVTIE,
EZAEREEY A X 300um X 450um, #(5 AIREFERE 200um, FRXEE 500Mbps, HRiXME% %L
6 18l X 6 FICEEF L 7.

SEGEL : [1] M. Sasakiand A. Iwata, "A 0.95mW/1. 0Gbps Spiral-Inductor Based Wireless Chip-Interconnect with
Asynchronous Communication Scheme", VLSI Sympo Dig. Tech. Papers, pp.348-351, (2005)

SREHEAR - 1 AABLE, 2 AARN |/EHY—JL 1 Cadence #: Virtuoso, Cadence ft: Dracula LVS, Cadence #: Dracula DRC,
Mentor #k: Calibre, Mentor fk: CalibrexRC FSYI X &% : 1,000 b4 F, 10,000 £ #HEZ> : v—24 CMOS 0. 18um
5.0mm A+ v 7 Fv 7@ fE (RFMEK, ATM 4 L)
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—
00
o

ISR W TN

ESRAIEA®DT 9% TEG

SRRFREREAREHATE WE B, BF MK

BRRKZITEER KA #—, du) EX

= A B (Electron Spin Resonance : ESR) I3, BT A YR It
WHRC X > T, PNEFEROEFH 0BT THE7 ) =7 P A NVDEEEET 2
HikTh b, KAATE, kAL 3RED, ~EOBERKYS 252, I6IKA VT
TA VYD YKo THAET B3SO RIS RE§ 2 ESREIEFEEZREL . 2
T, AvF v T4 vy 7y EMMALTESREREZIT) 20IcA v &7 v 2FGEH LI AR
Fu 7 TIRAATID OEC QEZEH LT VSANOA v ¥ 7 ¥ MM Lk, £/, &
BRUICESRMECTHW 2 ETHENBA 25 L 91, LA T ME REOA VST 9%
AL 7. BIERETiFC©H 5.

SXETHARS : 0.1 AHEiE %5tW—JL : Cadence #l: Virtuoso, Mentor %k Calibre k3
VIR I0KM FHEFY  v—24 CMOSO0.18um 2.5mmfAF v 7 Fv 7R : TEG (RRbEREmIR S 72 &)

REFRFIFETEA TEG

SRRFREREAREHARR FRRXK, T8 X, B X

BRRKZIEER A #—, du) FEX

BE © EHLEE S Z 0o SRR TEWIERE LT 2 2 011d, ZEFETFICB T 250
LEREHIMBEATRTH Y, 72, 207013, ZHEFOEFEOIESDELEZ2H->T
BLAREDSH B, KF v 713 180nm 70 & 2 %2 flv 7B /NGB iy LSL & X o
R R LSI Ok EHEBLICIm T, ZEFE T - MOS NF 7 % - PD @ TEG i&Gl, ilfiz
fIo7.. 72, VDEC TREIN TV MK FD /0 IcdiE 2T\, ZoiksEt, Rz
Tote. KF vy TRBEHELDF— 7> — MBI 220l & EHEDO R &, PD O #)ff
ZHERT 270D bDTH Y, WET—FIFFHREEE TV » ZICBIF 587 X —FE -
FEEEICH WS, 72, [/JOIZD T, CROKRFESHEZME L, VDECHlicT—2 L LT
RUETE2FETH 5. ALK — FRAERATIE, FERBREEZHETTH 2.

SRETHART : 0.5 AALLE, 1 AARKNM 5jEHY—JL @ Cadence ft: Virtuoso, Mentor#t Calibre ~SYIR7% 110k RHIES
Y :u—24CMOSO0.18um 2.5mm M+ v 7 Fv 7Rl : TEG (RetkaTHilink 7z &)

Evhb2IUZILVEEBEAWELI ML= N—Ro 707071
7T OEE

[EETIIKRPERPEE NE gz

EEMIIRZRZRERBZAER ANl —&, AR FX, 11 B
BME:DLYFY U IHRTHELA L= vV IABENRE L, BEMEIN TR
Taky g EHAOCTHHEFGELLZL YY) Y 7L I A LR RT- 2D Lw. 22
T, AFRETIEE Y b2 U PABERESEZHGLA PL—s v SEELER BN F Y 2
TERBELTW5. 22T, 50Ty ZICEEATRE L fH TURAROIEFITH LI N D
WIE Y 2 — IOV TGRIEZRfTo 7. Y 7T =2 %25 2 itk ) Ao HE
EMZ DI EDNTE, Y23 L—va Y CEEMERERICELTE U222 &
WCTER. £, TAYIZLBHEZSEIT) TETDH 5.

EREHHAR - 3 AALLE, 4 AAEM eV —IL : Cadence #: Verilog-XL, Synopsys
VCS, Synopsys fl: DesignCompiler, Synopsys f: Astro, Cadence f: Virtuoso, Mentor fk: Calibre rZYI AT :
100,000 4 = #HEZ> 1 m—24 CMOS 0. 18um 2. 5mm v 7 Fyv 7Rl : 70/ /7Y I NMEBUH 7 ax v i




aAeF4Z27At v Y HC gorilla DXREERUVEER

EARTREXRF BT X HFRR R &=, BFH —l, SR, =8 B
BARTKF A RRLIEEY 5 — Bk Rt

BE: 2 LFAF4 7ENL L7y ¥ gorilla & KRERTFT— 205D RAP (Ran-
dom Addressing Processor) DFRHEZE A L, BRI ORBENICHE L —Fo X
TIEEHAAAR 2V F X T4 7ENA LT vt vy 3 HC gorilla D KL ZfTo 7. &
7- BTSRRI 2 S AR &, REOEESomEZHEIC L7z, 4HEEL % HC gor-
illa i, Multi-Core ®5£#%: & LIW (Long Instruction Word) #/N\—F7 X7 L X)L TH
WL, n—Fvx7CMedia Data 25t L COBEEAL - LA ZE 1T ) B, RERD Reg-
ister File Z it L T\ 3. BRERS 5% A\ Cw 3%, KERD Register File % it & K5
FHEEOBIICEND, WENWKEROT— Y 25 T2 2 EVAHRETH 5.

ERETHART : 10 AHLL L 58EhY—JL : Synopsys #: VCS, Synopsys %k DesignCompi-
ler, Synopsys tl: Astro, Cadence %k Dracula LVS, Cadence % Dracula DRC k5> J X% % :100,00004 F HES> i v—
2 CMOS 0. 18um 5. 0Ommx7. 5mm F v 7 Fv 7R : vf yn 7 at v 4

A RA=IEVYDIRTAATEG

RRERKXZIZMRR mEx 87, EBGN, BEXEZ

BE AR 7 o A2 HOLHRETORELEZ 2 L LHIC, FROKBBK AR — b4 X =Y
v F OB AT, BRI & 2 O RN O AT (12 MR T % 70 ORGEEH T v 7
EfEL7. RF v 7%, YA REWEORZ 2 200007 4 b ¥4 A4 — F EFAH LR
DTEG, 4O 7 # P ¥ A A= F7 LA RTINS, 74 FF A A —F 7L A 13t
32x M 325K & Z DRI/ <, WFET LA ORGICEE L 72K, 8XOEES 7 T
LY A 2 HOTH§RT — 7 ZHXGEA T, 2o OREOBKEEIC X D, £ Xk 200
APPSR OPE®, 74 FFAF—F T LA RO /7 A AOFHIE & OFiA i LRI OH)
RS 21T > 7.

ERETHART - 0.5 AHBLE, 1 AHKN &Y —JL @ Cadence #: Virtuoso, Synopsys £t
Star-HSPICE, Cadence t: Dracula LVS, Cadence t: Dracula DRC, Cadence fl: Ana-
log Artist MY I ZXF# 10,000 B E, 100,000 A&jii &HMEZ> @ v —24 CMOSO0. 18um 2.5mm 5 v 7 Fv TRl : 4 X —

CrvY /AR — kU 181
5
2
=
9’_
v
NUH—BIHERT B X—J VY TEG 7
TR ETEE AN E2 ?’F
RERKFFHRMER ERRKEAN, FAXFIX e
HR/IKZEIEE BH EZ =3

RRIEXPEIZAER ZH #3h

BE: N CMOSA A= v 3Ty Yy —ldu—Y v 7Ap s a— )L Aps
HINTWS., KRRETHEEL AL A -V vy FTREFEEZ” A" EHIENS
16 X 16 MFDOFIRICXYI D, ZDR)WVFICER, F—LF, Yey F2MTA2HEEZ ML
7o 2OHRTRINBICL LV ZGIEIT 2720 D b U A —HEIBEIC T 553, HRELFiAH
THBERET 2 2 ENTE LD, LI, RIETHAT 2 BIRICH U THIEEICRE L
FAN—=T"y b CHRZFANTHELITESL. ZNETORETEV LY P IV PRTD
KR X O+ o208 E%2 152 2 LN TE b o7z, SRIOBMETIE N 7 VP 27 DOHERE
REET LI LICKDINEHEEAYGEL, MROFGAH LEED EREZY T2 —va Ik DERL TS, 4, N4 7 RAME
DT RIZEY, TNEFTOMEMETIHEHEL LIF27-0DTEGHHEKHCEETL Twa. BIEEFRESNALZLS 1 F v 708)fE
ZHERT B - dIclEhTH 2.

SRETHAR : 1 AHDLE, 2 AH RN 8&EHY—JL @ Cadence #t Virtuoso, Synopsys #: Cosmos, Synopsys #: Star-HSPICE,
Mentor #: Calibre ~ZY I &% :1,000 M 1, 10,000 AK% &HEZ> @ v—24 CMOSO. 18um 2.5mm M+ v 7 Fv FiEhl :
TEG (Rri:aEAmE %2 &)




(04}
N

DR EIN e W IR

SNM £¥{fliFd TEG

NI EXEY A I OBERfTEY 5 — B 78, P Mz

BEE @ el 7’12 2D SRAM I B W T, FFiic i 5 REBHEAL, R s > EHRIC
LODAEV VD) A X2 =Y VISARL, IIEATRE L % 2 MIESER SN Tw5. 20
RIE~DXH E LT, SRAM®D / 4 Xv—2 Uiz By — A bd 2 2 Lick b, Gl
ZSRAM 2 )L+ 7 v PR YA XERPBITRKD 2 FEz2maddRcdh 5. KikfEF v 7ig,
Z D SRAM £ VERFHTHEOKEED =D TEG TH 5. AXF v 7k, AS1—HDCHIEH
A yN=FHEKE, ZNCHETE IV PRI T AL XD AEY £ ILEFDSRAM £ 5
5. 4 v N—=4DDCHE: & SRAM O &EJFE KA ESEIE~ — 2 v & &Gl L oot
W9 252 LT, XY VFEHFLEOEIMERER LTS .

SRETHAR 1 AHMLE, 2 AHAR 3%5tW—IJL 1 Cadence #f: Virtuoso, Mentor #: Cali-
bre MSYYZXF¥:10,000 X [, 100,000 A5G HIEZ> :vw—24 CMOS 0. 18um
2.6mmfyF v 7 FyTER A€

BR 7V 7 A%51E%E S D ERBEROKE & ERIEERD TEG
ERIERPETRMER B XE, BH G4 EFEEEX —OFLRALT1T7Y,
= EE
BE (&R 7Y 7 ZE Mo REBIEE (PLL) O#E L HEMIER O TEG 2175 7.
PLLIZF v —Y Ry 7HRIPLLZFHAL, A7Y 7 RAORKTH2F v —Y R 7O 2
ARy FEF = A vV aryEIflTaMEERCTED, A7) 7 ARMEK
DL LKL T, K12dBSETE 5. EHAEMIESRO TEG <&, (1) HE o7&
HERIRES, (2) A 754 VBT F a0 -F 4 7 V2 HaR]EE e R A5 S I o,
(3) HVUMOS ZH W/ V=X ¥alb—%, (4) XV FXry 7YV 77L v 2AE2HL
TREICREZ N4 7 A0, O4REKEEFEELCHE. (1) TRERANSZIH L,
IGHz £ CEIff T 2 EEF 1 VIRl L 2RSS 2 HE L Tw3. (2) TE74—
Fy FAZa—FERZHGTEY, 70 vy 2o AHRAH L 100dB O ERS 2 B
2. (3) TIE3.3VOHVMOS Z#HWT, LVICEET 22 ) — XL FaL—Y 2L T3, (4) TIHEENES L 7 A 4
—FZAWTR30ETIREICRBIC RN FX Yy 7Y 77 LV Z 2R L TV 5.
ERETHARD - 5 AALIE, 6 AFGM 5’5V —JL : Cadence £l Virtuoso, Synopsys #: Star-HSPICE, Cadence #: Dracula DRC,
Cadence #t: Diva, Mentor %t Calibre, Mentor #: CalibrexRC +rS Y I X% 11,000 L I, 10,000 K HES> 1 u—2a
CMOS 0. 18um 2.5mm 5 v 7 Fv7&Hl : 7w/ (PLL, A-D/DC-DCa v —%7% L)

VCO

RRIERFRFRETFHAER ERE, RO LE, WER

BE : MAEs A5 4700 Py FEICIE T NA 2B 2 FH L 72 REEESH G 51
%. RF 754 208k 2 I M 5 2 & T, RO SN 2 HIEEICE T RE D S &
W EMERES. 20O I 2L —3ary ik TEG Z21ER L END S [EE OB
ZEMEL 2 TE%o6\w. ZZTRTEGIZA v F 27, X727, A4 v FIck bbb
Z5F 28T ZI X o TRMEZEGIHEHT 28K L 72 > T %5 CMOS 2B E EHl#H 5 IR &
TH 5. FBIRFA ML 2.5GHz, 5GHz 2fEL T3, u¥y 7 7uv A THE7:0HD4 v
o8 ADQEIME Z EBB MBI E o TWwE. I aL—v 3y TR A X,
WG 21T, Z OBERER L 7225, FEHl & o RS EE T H ) BHEHRHFEIRR O Rk
DI 2T L ORRICKE BT 5.

ERETHART - 1 AADLE, 2 AARM  2|/EHY—JL @ Cadence #l: Virtuoso, Mentor % Cali-
bre rSYIYZRFE 0L E, 10045 HES> : v—2 CMOS0.18um 2.5mm f5F v 77 Fv F&ER : @2 (RF [,
ATM 7% &)




BREESEZAVWCBREEE? FOYI8EEEE & 77O T EFRSO SR
IWERZRZRETZMER 56 BE, &L S, K33 ot RE MR, =L SR,
W E—
BEE AT, T o2/ 7+ o Zhlilgzalfi L. (1) CMOS 7'v & A 3
b EARFEHEALANMEA T E 723, MAMLIZY 7 AL v > 2 )L FEROBIICEE ) WML B o
7z, RBEEME 7 T e 7B T 2 oML & LT E 2. KkfETiE,
WL - AREBIE L ZWICFIH LT, £ TOMOSFET 2% 7 2L v ¥ a )b FEIfEZ ¥, &R
BHELZ LEOEEBELT TR IS LBEEE 7 F o /HEoilfE2fiko7%. (2) &
VY TIDIAAL T F v ZERICR LT, —RiIc 7 v 7% R % 72 0 o Rl iEln i &
LCayFrB—BiicHusnTwa, La LEMRRREIIEE ICE W0, iiES
NEERETCHATCLEY. 220, KFUETHE, av Ty i@l v s 7 e 71
DOREAFFZ BN E L7 7 7 v ZIEREE R RIS & e L 7.
SEXE - (1] &G, B, B, AT, " 59 KEEEZ 2 BEETE 7 - o 8RR | B ERaEraRa ke, A-1-21, 2008
SRETHART : 2 ABDLE, 3ABAN 5BEHW—JL 1 Cadence#l: Virtuoso, Synopsys#k: Star-HSPICE, Mentor #: Calibre k>
JZZE 100 DL, 1,000 A5 HMEFY i w—24 CMOS0.18um 2.5mm 45 v 7 Fv7&hl: 7w (PLL, A-D/DC-
DCay =%k k)

DC-DC v/ \—4% DEXREIHE TEG

BEMAXRPEREESATLHRE ERB AN BER

BEE @ 3 : DC-DC a v N =2 oEsiF b 2 at 3 2 720, BREHETEG & L, M
OSEFIANTDE 7 VP RIPA RAREZTbDEREBUFR L. 22— a vl
AR E, EHOF—2 2T EIck->T, AfMEBROBEGEHS»ICT S, F
7o, R L 2 IO BB F I X D EIfES ¢ 20T, SHBES 2% T2 2 Lick
D, BARMICBWTEELR T Y FZA L, OIfFEBEE, fIETXomEbTcE5. £/, W
HREBIZE D Ty F YA 2% HEIERT 2 &P, 2OV ATRZ G 5 Mg E2 fER L, 2
MR 2. KTEG R RICHE D E, DC-DC a2 v "—% @R b odEwa 2o
5. TAZICK BUEITIEL ©, SHEREIZFHCEmT 5.

SRETHAR 4 AHDLE, 5 AHARI 5REHY—JL @ Cadence #: Virtuoso, Cadence #:
Analog Artist, Mentor #: Calibre ~ZYIZXFZ# 10080 L, 1,000k HIEZ> v
—24 CMOS 0. 18um 2. 5smmx5. 0mm F v 7° Fv 7#&Rl : 7+ w2 (PLL, A-D/DC-DCay N—gk¥)

0. 18um WS-ASIC

RRAZIZRARE ER R, A A, SF S

BEE : AWf%25CIZ PET (Positron Emission Tomography) o 7z & O il & o
R FE o O EHERRIBOMAEEZ B I 55T 5. k047 Fa /2R L Lk
BRI CTH > L DHEETE T TR S - Ty YL ERHWL Llchip THEEEY 7Y v
T2y~ 7 v IR U ASIC  (WS-ASIC) DBd%%fT-> T & 7. Ichicix
K/ A X777, VGA, 100MHz/6bits D E#E ADC # & A TW3. 1 F v 712 10ch #
EHEL 7. /6K 0.35um CEHAL TEADH D% 0. 18um TOHEBZfTo 7. ZHic kD 445
PEOEMZIT) 2 EBTWHEE o T3, 7Y 77, VGA, ADC #ifko 5 2 k[l %
GATED, Zho OFlRGHIZ T ) FETHZ. SBISICERELZHOLLFF ¥
FNVDERNEDRITEIE L L.

SRETHARY 1 1 AADLL, 2 AAKM |EPY—JL @ Cadence #: Verilog-XL, Synopsys#k:
Astro, Cadence #t: Virtuoso, Synopsys #: Star-HSPICE, Mentor #: Calibre ~Z Y ZX &% : 100 B E, 1, 000 A
Y :iu—2.CMOSO0.18um2.5mmfAF v 7 FyFERl: 77w/ /FYINEEUET 02y

HEZ



(00}
N

DR EIN e W IR

TR 19FESE 1EASPLA CMOS 90nmi{E
(AS90071)

CMOSRF b5 > ¥—I\FHli TEG

RRAZFIZRARR P95 K, Caner Basci, & &f

BE S IcETEROEE, BEEEELZILETHS. RICETFEEDFEICD

0, EHFEGEPCHIE O & 9 22 HIR %2 3210 2 W IERGEE Bl 2 AU L 72 SR o i

59 FThaw. SHORMETIE CMOS ERUEE I, 420 % > 7 QPSK 47

AV 7 barn=yarFEHeEZENELE ZOFGT 220D TEG TH 5. SH|

DF Y TN A VT I I EZDA VT 7Y DR S 720D De-embed ¥ 3 — /8% —

v, LNA, ADC, ¥7: VCO %5 Divider, MIXER £ TOEEZ MR T 2 72 D TEG 25k

Bz, A V77 Y DORMEEIET 22 LiIck o Tho LIEMERETVEZIED, LNA®

VCO R ED - EEELRPEIMHETH S Z E2HIFFT 5. ADCIZOWTIE, 10bit EED
NRATF7A VOB DRGRMEL 7.

SRETEAR - 3 AHMIE, 4 AHAK 8]EHY—JL @ cadence composer schematic, Ca-

dence #t: Virtuoso, Synopsys #: Star-HSPICE, Mentor #k: Calibre, Synopsys Hercules, Synopsys Star-RCXT kS Y IR%
#:1,000 0 F, 10,000 4% SHET Y @ ASPLA 90nm 2. 5mm x 2.5mm  Fv FIER : #fE (REE[EE, ATM % &)

MuCCRA-2

EBEEBRPERIFR A% & BN E P REE RIS RYIBTE, KB XE

BLE : MuCCRA (Multi-Core Configurable Reconfigurable Architecture) %, v

74X Y7 7NVREEIALFaTEHN) a7 X 77T aey BT T —F

TOFeEMiEFy LR SRE, W, BT EE2HINELTWS. MuC-

CRA X, #%® ProcessingElement (PE) % 7 L A JRICiR, % PE O8ifE, EltBIfR%

MERERICE > TEMEL 20 AH L, il T -y A% D252 LM TES. MuC-

CRA-2 1%, JHERIEESS 16bit © PE % 4x4, PE MO ##i% 179 SwitchingElement (SE) %

5x5, , WHE T —¥ %Ki T % DATAMEM % 4 2% 5, ZNZFNRERZHRFFT 2 2
VIFAMAEYERLD, av b —JR3ETTET7 IV - a VIELT, 1=y b

DAVTHFALREY AMERBREERL, ETE2TIIENTEETH . i, (WHEE

I & L Tiz— RN, 7avy 25 =54 v 2L TdH 5.

ERETEAR - 5 AAMLE, 6 ARG S’EHY—JL @ Cadence #: Verilog-XL, Synopsys %t DesignCompiler, Synopsys #: Astro,
Cadence I Virtuoso, Mentor #l: Calibre ~3>JR&5% 100,000 1= &HFEF > : ASPLA 90nm 2.5mm x 2. 5mm  Fv 71&
AieArusaky

b2 > RX%ZBEW:UWB CMOS B SiEIESS

KERRZKXERTEHER AR R, R RE, a0H=

BE : I TICHE I T 3 IEHHE CMOS (&5 iR #  (LNA: Low-Noise Ampli-

fier) 1%, hHrlEA v E—F v 284 (S11<-10dB) & {ERME5F 1 (NF<4.0dB) Zii7=7

7o, MOBERERE LHEE N 2L E T2, KRfEclk, EKEREE (1.0V) , KEE

B/H 2.5 mWBLT) T hEFEOBERZ 7§ )JAHE CMOS LNA Z /E# L 7= [HIBkEKL L,

7= FEHRRICBWTANA V¥ Iy LAfiA vy 7y EBERADY NIV AE L b

FVAIRED =Y 7P RIS AU ST RE I, LNA O R:

M bET 5. £, HAIKA Y7 ¥ 2EIEHRIE 22 LT, INFBOATTA v E=S

VAR ZATo TS BREL 7 LNA I, HfE2Y0. 10 mm2 ¢, BIHEEL 1.0V, HEE

F232.5mW D & =, EH%3.1-10.6 GHzIizE8WwWT-10dBUT®» S11, 7.8 dB L Lo

S21, 4.3dBLA N D NF %215 7-.

SRSTEAR : 3 AHBLE, 4 AHRNE 885tV —JL : Cadence #k: Virtuoso, Cadence #: Analog Artist, Mentor #: Calibre, Men-
tor tL CalibrexRC ~Z VI R&FE 10D L, 10044 FIMEZF> 1 ASPLA90nm 2.5mm x 2.5mm  Fv FH&ERl : #(5 (RF A,
ATM 7z &)



RFFIEE S D EFHEDEE

RRIERZHESHTR EEEE AHER & —&%

RRIEXRFHRABEIZHARH FRIL #EER

RRIERZEZEIZMRA Rk &

BE WML 7 2R ORMEIESDEZMWET 202 T AL AT LAICKDWET 2

Mgz L L 7. £/, TN AT LA OHBEZEKRTE 3R>I L, 20

FRMEZ I L 72 KRIEICBIT 2 734 27 L 4 1%, NMOSFET & X & PMOSFET o

FTALY 2 b=V FBRICEH LT, 206 2E 2 IEMICHIET 22 L 2HEEE LT

AT 7o KT XD, IERD T ANA A7 L A4 OfiETIE, IBERDO TN Z2D) — 7

BRVERT S Z LI D BMHETH > 7Y 7 AL v > 2k —)L PRI 2 IEfE R HE

THIENHRETH S B 2157,

SZEXW : T. Sato, T. Uezono, S. Hagiwara, K. Okada, S. Amakawa, N. Na-

kayama, and K. Masu, "A MOS Transistor-Array for Accurate Measurement of Subthreshold Leakage Variation", IEEE In-
ternational Symposium on Quality Electronic Design (ISQED) , pp.21-26, March, 2007.

ERETEAM - S AHLLE, 4 AHRI |5V —JU : Synopsys #: DesignCompiler, Synopsys ft: Astro, Cadence #: Virtuoso, Sy-
nopsys ft: Star-HSPICE, Cadence #: Analog Artist, Mentor # Calibre, Mentor #: CalibrexRC ~Z > Z&# : 100, 000 DX
F #fES> : ASPLA90nm 2.5mm x 2.5mm  Fv F&ERI : TEG (BHiERFmEE2 &)

EBEZTETMEE") —7 TRILF—ERERRE

RERFFBA—T VIR MY — SH

RRKETEE & YH, 4 AR, SH $EX

RRAFERBMZRMAREY 5 — ARk EE, PN &, Ea R

BEE : VLSI 5 7" 0 £ 2 iz fiv, 3G 70w X - BUGZRE)ICfE ) B ZH) 23K &

(2T 5. KRIETIE, RV F2—27HEED T VT 4 ANV AR 2RRT 2 FF 2 v

TV TAL V=8 %G L, Fv 7TWICSH IR L CEEETRMEZ MG L 72, 72, M

izt M E LT, A4 v F v 7EfficBb o TWHEI N ) — 7 &iirH 5. 2z

M2 2 FEICEEEEOFE P T v P29 2 BIFREOENT A L, JEBIER I EIRERN 2

fTIRT = =54 v (PG) Fikd3dh 5. PG FETIHEFER 2179 & WREFAT

2R T2 2 ERREERD, LYRY 7 74 MTHETT 2B, 3 LF — RS

MR 7 & D b L — A 7 2B R U CERHEN - B2k 2 08035 5. 2D

BRI 2 G 2 720, RRETIIBROBL2EBHDOL PRI 7 74 VeV 2HGL, ZNZEN3R2EY FX32DL Y R¥
7 7 ANERFEEL CGHLiZ1T- 7.

ERSTHAR 3 AHDLE, 4 AHRM  5REY—JL @ Cadence #: Verilog-XL, Synopsys#t VCS, Synopsys #t: DesignCompiler,
Synopsys ft: Apollo, Synopsys fk: Astro, Cadence #: Virtuoso, Synopsys f: Star-HSPICE, Cadence % Dracula LVS, Ca-
dence #: Dracula DRC, Mentor #t: Calibre, Mentor #: CalibrexRC ~Z I X% #: 100,000 SHEZ > 1 ASPLA 90nm
2.5mmx2.5mm Fv 7@l : TEG (Rri:RTAmiR %2 &)

AVFITIETEZIONY VIV RF—INEBR

HERFERERIEMAFER 1M &, KHE

BE: AvF vy FMMEeE=2iE, WENRLEZREKLFA—-DFy 7 RiceE=yvruzf

W52 LT, W - BREREERSEZ EET 2. RN AREEER D 7o, KMET,

AvFy MEEEZIDIOD NNy VLY FF— PR EZFAFE L /2. 5127 — F O X

Y L8000V —FREDTF—IXE) 2fiiilcvf7varyitu—J KN, E=FL AT

L OGS ARSI X VR EhTws. CoF— MR, A5y 7E5E=%

CAT L EWFICEIEL, R CEBLPIEEE 2R L T 5. 7 A My TIEBHERHN

HTh B0, BREELZMEL, A v F v TESEZS LOWHHFBIEL 7> AT LI

WLTw5.

SZHK : "An On-Chip Multi-Channel Waveform Monitor for Diagnosis of Sys-

tems-on-Chip Integration, " K. Noguchi, M. Nagata, IEEE Transactions on VLSI Sys-

tems, Vol. 15, No. 10, pp. 1101-1110, Oct. 2007.

SREHEAR (2 A BIE, 3 ARG |/EHY—IJL : Cadence #: Verilog-XL, Synopsys #t: DesignCompiler, Synopsys #t: Astro,
Cadence %I Virtuoso, SII#L: SX9000, Synopsys #l: Star-HSPICE, Cadence #l: Analog Artist ~Z > Y X% : 10,000 DL L,
100, 000 A3t HIFEZ > 1 ASPLA 90nm 2. 5mm x 2.5mm  Fv IRl © 7 F 7P E#E

—
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(o))
o

DR EIN e W IR

BITAL Y2 3)L RS D EFFE7 L Eig
KRRZXRZRIEHRNZHRR EH %A, X E—, BF e, B EE,
B i
BE EEEN CMOS 7Y 2 Vg EFEB T 2 FEE LT, 7 AL v ¥ a)l FulganE
HEnTwa. ¥ 7ALyralFhlgeiE, 7P AYOMEELE XD KB CH
fET2MEKD 2 LT, KF - EEBEBLECIREERAL TV, —/4T, #Es 2
IO Z2OREDRELSEFT 2 LI MENBH 2. AF v 7TlE, 3y 7L v ¥ ai P
BIZB U 285EIE 5O FOHELYE - FHliT 57201, NMOS/PMOS &) v 74y L —
8% 7 LA RICHCE L 7Bl 2 525 L 72, KRR, 6400 0D + 7 > Y 2 ¥ oERELER
ML, 2800 DY v AL — Y ORRABHEZMETE 5. £/, F£7 514 AIHLT,
EBOHMNA 7 ABEZANML THETE 2 X ) GH2To 7. A7 L A BIEEOME %217
W, F7AL v a b FREDIES D EDE T - BAEE T o 7. RN A 7RIk 25
PEDOHIHEIZ DWW T HFMIZ /T - 7. F 72, KR & IZRNC, FER AL 7 ZEBEZ T 2 AL & G0 B 6% % 81 9 2 )% % 9
7.
ERETHAR - S AABIE, 4 AARKNM 5PV —JL @ Synopsys #: DesignCompiler, Synopsys#t Astro, Cadence 4 Virtuoso, Sy-
nopsys ft: Star-HSPICE, Mentor #k: Calibre ~Z > X5#:100,000 0 = #HEF> ¢ ASPLA9Onm 2.5mm x 2.5mm  Fy 7
Rl : TEG (Rp:aTialRg 2 &)

LSHEHE B ElgHL il

RRKZVDEC BEEE

RRXFEREZHFRAREY Y — M BR

BEE : LSI o & & fkiciny, 2 20RO 2177 LT T, 2208z
ZFHUz oV TR 3. (1) CMOSGHEMEOBIRETLOEE NREZFR S 72, FiN
A TR TLEOBIEDSTHENELR CMOS Vv /Ay L—4 2Lk, (2)
LST D ¥k RE 12 &b 7 BIRELE OB 2 BT ) 721, 4 v F v 7EIFREFED
FitEfTo . 2EOBRMEZHAGLETNA 7Y vy FERICXL D, S o2
BIRBEAERZHIET. (1) (2) KBELTWE2T-o7%. (1) TR, Vv o7y L—7%
DFIRFILEED Y > 74 > L — & BB S D & 250l U, FEIRE ILEEBE L
nMOS/pMOS D L EWEFENT Y RICHKET S 2 L2 RV L. (2) T, "
> (R 7 E R AR A R B 2 HERR L 7.

ERETHAR : 0.1 ARG REHY—JL @ Cadence #: Virtuoso, Synopsys#t Star-HSPICE, Mentor #: Calibre ~SYIZX5# :
1043 RHES > : ASPLA90nm 5. 0mm x 2.56mm  F v 7Rl : v 7 a7 uk v

A—T U EHRR TEG

B RFETHER 12 fll==

BEXEIZRY POl &2, t&Mm Es

BIERZFTEE BB E L =EE aniE=

HARFERIZI 27—y 3 vER [1]1c5 7

BE I, 7 ux Z0MHIbD 7z o i LSINF OB D A — 7" i BEAEL L TE D

ZOMEMESNT WS, LL, =7 vEOMEE FLIdk <, fEko#—ikkke

TNLTRAL TV 208N TH S, 22T, mAeHD STARCIONm 7'vt 2%\,

HXIWICA — 7 v Mz A U7 TEG-LSI #8351 - fE8LL, 2 OB 2 R L 72 ik

DETIMEZIT O, L OEE TN T 2 7 2 FAERGIER X ORESENEORE %

EE T ANy 7OHESE L Z DT 3D  BERBEGT O - O FrikEE 7L

LZDT AL - HBELWHICB T 228 %179 72 @12, Ml 7 1 & 2 90nm & — 7 ik

HTEG-LSI Z/E8 L 72, BRA R ECRREE I A — 77 v s 2 5 A U 72 162 [ o BRREE TE & /MBI 2 RIE I A — 7 v illEZ2 A L 72
4fn~=rm - Ry Fv— 7N TE ZHAAAR A — 7 VR TEG (EEEME, PBA — 7 Vil B4 — 7" k)
F v 7TREMEL TV 5,

SRETHART 10 AH ML 8&5HY —JL : Synopsys #t: DesignCompiler, Synopsys #: Astro, Cadence #t: Virtuoso, Synopsys i
Star-HSPICE, Mentor #: Calibre, Mentor #: CalibrexRC ~;Z I X% 10,000 LI L, 100,000 A& #HEZ > @ ASPLA
90nm 2.5mm x 2.5mm  Fv FHERI : TEG (FREFHuiEE 2 &)



TR 19FESFE2EIASPLA CMOS 90nmit{E
(AS90072)

BEEEE7FOJERERE TEG
EEXRZESEHMERFHER THE AHEE NERE EHE
BEE 4D CMOS 71 2 AR OMESIC & D 784 23, 74 £ & VElEo
ﬁxﬁﬂﬁ BEBBFBHEIN TS, L L LSIOEFETLIZ IV U TIEET LI N3 7
O, BHE -S4 FIv Lo rrulREoERIZEF T ETREICE S TW» S,
L7035 C, $xE7 Hu ZREROBEELEEER L MEMEZF RN OV 27> T
w2 [1] . BRFy Z7EREL 7AREEBEWER A F 2y 7L Uy P RILKT 5 Mg
Mz MEES 2 7=, ZFEE % i 2 7 BERE E L K AZADC o 7+ v 7 3#E i TEG %
L Cwa, HERE XD, HEREIIEREE 0.5V, ZJ M MEE20MHz, HEE)
200uW Z3#ER L7z, 7 ALADCIEEREE 1.0V, ¥ 7)) v F S 20MHz, E54
1 100kHz iI2 5T, SNR64.4dB, jEZHE 1 6mW % 3#kK L 7.
SZX#EL : [1] T. Yoshida, Y. Masui, T. Mashimo, M. Sasaki and A. Iwata, "A 1V
Low-Noise CMOS Amplifier Using Autozeroing and Chopper Stabilization Technique", IEICE Trans. Electrons., vol. E89-
C, pp.769-774, Jun. 2006.
SREHEAR - 4 A DLE, 5 AFRNEE |EHY—IJL @ Cadence #: Virtuoso, SII#: SX9000, Synopsys #: Star-HSPICE, Cadence #
Analog Artist, Mentor #t: Calibre, Mentor #f: CalibrexRC kS VI X &% : 1,000, 10,000 K SHIEZ > 1 ASPLA 90nm
5.0mm x 2.5mm Fv F&Hl 1 7 F TV EH

Ev bV ZINERICEDS HESEY IV 7 ¥+ 57V VLSI

RIERFRERRIERR AR &1L 7k, [ SW, FEHh

BZE : Stz HiE L 2 2EBEHOMPELMHEY 2 7 4 ¥+ 7 7V VLS Z#E L T

5., BREMEY —A Ay 7V FuYy ZJEEICESCHREY a2y 74X v 770

VLSIT®H%. ZOHEELNTIE, EEO2MHE2 LB 2HEBT ML) -7 —

T4 v 7 EEGHEEE A CHEBICERL CvE, £, By by 7OVERICKHER

17— FoRBETET—2E5%2, $MEfET L L TH— DR EICERT 2 2 & TR

AL v FHEEHIELTVS, ZO Lz CTHEE» OHEARMBEHMEL, HWEL

Tt ls, EMEHIIBCTIEL AR ESHE TS 2. 2, By oY 7L
BOIEFRIEEECdH 5 2 LICEH Lz, EFmIcEI<YVary74 Xy 7 7V VLSIT

B 5. SMETCREE CIEEIEREEE BB 2f5icm LTc&E 2 2 LICERH LA v D

AIEZ T, HIERToE 25, IEWEIELZRERL 72

SZ3HE : N. Okada, M. Kameyama, “Low-Power Multiple-Valued Reconfigurable VLSI Using Series-Gating Differential-
Pair Circuit” , Journal of Multiple-Valued Logic & Soft Computing Vol. 13, pp.619-631 (2007)

ERSTHAR @ 2 AL, 3AHKN %5tV —JL @ Cadence #: Virtuoso, Synopsys #l: Star-HSPICE, Cadence £k Analog Artist,
Mentor #: Calibre kS > &% : 10,0004k, 100,000 A% &4EZ > 1 ASPLA 90nm 2. 5mm x 2. 5mm  Fv F#&@hl : 751
TITY I NMSENE T 0k

INM 7AEATOAEY AVER—RXV MOEMEF VY
BWEEIZKRFEXZERIERN EA &, S 58, R B, FET

BEE 1 90nm 7’1t 2 % T SFQ/CMOSNA 7Y v FAEY S AT LZHET 30,
AEVEFEO IV E—2 v FOEEF 2y 7 ZHNE LT, avR—3r ke F v 7
W XEV R, 1724, W7a—F, ZH7V T, Vo I7A L —FBETH 5.
VAL =2 L CHlERTo 7. 301 BED Y » 74 L—¥ OERBIETIEH IR
BT E LD, KIET (BIE~Y 7 LRE) TRl cEh->%. £7, 161 &,
225D Y v AL — I L IR, ERMEEICB T EBNT 2 2 L TE
Borol. 2k, WEMETH 2 BEEOMISEELR L D bEwEEROFIRSH I X
OBHSTERproEELONS. INOWHEICIE, SICHZVEBDOY v It L—
7 DRt RAT ) EDD 5.

ERETHARD : 2 AHLLE, 3 AHAN $&EHY —JL @ Cadence 4t Virtuoso, Synopsys #
Star-HSPICE, Mentor 4k Calibre ~Z>YZX&%: 1,000, 10,000 A& HIEZ > : ASPLA 90nm 2.5mm x 2.5mm  Fv 7/
=Rl © 2 ofil
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90nm CMOS 6-10GHz UWB Ml FH{EE XS8R
BRERBAFETFE TaIvI VWAL, LAYIR AV, BE(CE,
£H BIL
BE . XiERoOERFESRICE T, EECERENSEREENOTFENEZ D 2 RE T
5. INFETOWMERBRICED, 77— 25X EEIZBECEE Mbps ICELTE D, HEET
P UWB o faREE & U CIERICEEICZ> T 5. Kifgio HiWZ 1Gbps DL LD 57— %
BRBEZABEIC L, 2 OEEN R ERNRZHET 2L TH 5. 6-10GHz DA
Ny FUWB OREE#ZIREL, slfE L 7. %E#E On-0Off Keying (OOK) ZFH T,
DAME8GHz, »OV A E 500ps DOV A Z AR T 2. R T 2R E8|MEIEE, T4 P 7R
— 2D b DTIEHIEBITHY, 70w 22T 2 2 LTI 6k KB
I3, 180nm CMOSICTHEEL @& [1] 2 TT> TE D RET 2 X G580 H)
EIWGEER A TH 5. BIE, EL7-F v 72 HMERTH D, 54 [EEE SSCS F4# D D [F 5
LEFICTHERRERRT L TETH 5.
2Z3@k : [1] V. Kulkarni, M. Mugsith, H. Ishikuro, and T. Kuroda, "A 750Mb/s 12pJ/b 6-to-10GHz Digital UWB
Transmitter, " IEEE CICC 2007, Dig. Tech. Papers, pp.647-650, Sep. 2007.
ERETHARD : S AHDIE, 4 ARG F|/EHY—JL : Cadence #: Virtuoso, Synopsys #: Star-HSPICE, Mentor #t: Calibre k3>
JZFE 11,0000 E, 10,000 K04 HMEZ > 1 ASPLA9Onm 2. 5mm x 2.5mm  Fv 7R @5 (RFEE, ATM % E)

LSIAMEE - AFE=HIE D
RRIZERZFARERBSETIZMER fhIL &SRR
RRIZEXRZHREMFER B S%, LR, K& —E, VW HE #El B,
= —&k
RRIEXRFBEIXMEAR FEEZ
BEE @ PRERNE O E BB HIE 1B UIE R MK IC S 2 2 E LTI T 22008
Ey 7 BIOREZMET 200N, BLUOAT— o, ¥— MRS L TCRERD
VDD, VSSHO&ERHE ) ZT 202 WET 3 7Ol z R L 7. WEDKE, &
VEY IHEHERE EB ) OEBE SN, YU TN BIES O IMT NI VT 2R
L7, 2R X DA =7V RIEOHIERE L AbE T, FEENTOBEE X OFROHIE
RN T A= ZBLENTEN. £, YV TNDIESOEEZSHT 57-.0DIES
DEEZY KR FEILL .
ERETHAR - 3 AHMIE, 4 AHKIS 5851V —JL @ Synopsys #: DesignCompiler, Synopsys#t Astro, Cadence #l: Virtuoso, Sy-
nopsys fl: Star-HSPICE, Cadence #: Analog Artist, Mentor # Calibre, Mentor #: CalibrexRC kS > I X% #1 : 100, 000 DA
E RSy  ASPLA90nm 2. 5mm x 2. 5mm  Fv FHER : TEG (R a7 &)

AVF Yy TEBSEZIDIHDT—7EEERE

MERZRERITZHER EH S, KA E

BE: AvF vy FMMEeE=2iE, WENRLEZREKLFA—-DFy 7 RiceE=yvruzf

WY 52T, Ml - SRR RIS 2 BT 5. AR R BEIS O - o, AT,

FvFy TEEEZIDODT —VEEREE T L 2. BRI 7 I ROE S

BREEBT 270 /BRI L, AV F vy TEBEE=IDIA IV IERLET—E

BEBAMGERZET 2. FREfETCE, AV Fy 7EEE=sD70r b2y F - 7F

v Mo 7u -y S — v bbb TER L. 7 A My 7O O WT,

F— 7 BERMEOEARBELZ ML, PCB LicgEshiF v 7T 135Mbps DX

FHIAEEDRETH D 2 L E2HERL TV 5.

SZHK : "An On-Chip Multi-Channel Waveform Monitor for Diagnosis of Sys-

tems-on-Chip Integration, " K. Noguchi, M. Nagata, IEEE Transactions on VLSI Sys-

tems, Vol. 15, No. 10, pp. 1101-1110, Oct. 2007.

SREHEAR - 2 A BLE, 3 AHRNE |/EHY—IJL 1 Cadence #: Virtuoso, SII#: SX9000, Synopsys #: Star-HSPICE, Cadence #
Analog Artist b3 >YI X% 110,000 Bk, 100,000 A4 BHAEZ > 1 ASPLA 90nm 2.5mm x 2.5mm  Fv 7Rl : 7+ 7V
B



BRE—FEBOY YV ICED<V7ARA M—7{BREREOEF v 7 ¥

RILKREEIBEMAER P& Fih, WA K =F HK

BE : AF vy 7RfETE, ARV —7TINEFTREL TELERET— FEMEMEKE

WRETZ, 70R =77 4 RERZFREDIES D ZICHT B0tk % & O 2 FiEOMGE

219 1D DMEEEHRFTE & HIBEER L. AFRGHCB W THNE LZHENE LT O

2o HMZBRA =2 4 XCxT 5, 2HERHIES 8 X CEINERO 2 FEoMA

HBbick 3/ A XMt OWENROBGE, 2) FFRMEIES D EMIEFILEOMAD &

D, BRSSO OfPH M MEICE T 2 EROME, TH 2. WERRE LT, #E

KRS TIRRLA BB E R 2 REORE VI VA =7 ) 4 AR ESELLAITE VT

b, AN TIILE L CTIEFEREHESMTbNTw 2 2 MR I 1, REFTROF kD

FiEInte. £, EFREFZSOZIC20TONMEBT, IX62FDOKREILT v 7N

P L ORIRA ESBROMBICB W TEHEEL L2 T - MF2 Z LI TEL.

S Z3@Ek © M. Miura, and T. Hanyu, "Highly reliable multiple-valued current mode comparator based on active-load
dual-rail operation, " I[EICE Trans. Electron., Apl. 2008, in press

SRETERAR 1 AABLE, 2 AFRM 8REPY—JL @ Synopsys #l Astro, Synopsys #: Star-HSPICE, Mentor #: Calibre kS>3
7% 110,000 BL_E, 100,000 Ajii  4EZ > : ASPLA 90nm 2.5mm x 2.5mm  Fv FiERI : TEG (RpME3EiRI 72 &)

F v 7EEHBEE DD CMOS UWB =S E1 2
LEEXZEF/FINAR - YVRATFLHRREYY— TN AE, Bl Eih, ELK S,
AR fEXEB
BEZE 1 ULSI 5~ v 7= ROuHERANICB T 5 7L — 2 AV —3F v 7RISR A vy ax 7 b
Bffitch s, £RL7 v T ik 2@EHEIcmBETH Y, HERTEL T v 7HEHE
HEPHRETH 2. NVAKFATI VT 74 RNV F (UWB) BEREROBEFX L L
N[ EERERL S AT, /ANIRE, BN EB ISR . AifRo B, £/ v T+
ZH\w: UWB F v 7HEFEZ BRI O TH 2. %, H4130.18umCMOS v —v
TUWB F v 7%, ZERBEOHFICKILTEY [1] , SRoRETIERLREED
f b (>6GHz) % HEICRERIBK O 21707, SHEEMEL 7z UWBXRERETIZ, N
70y 7 DONY EDBD D6 ZMAWEEERL, 202y LT GMP AR, WIERERLY
VTFRANT S, EEF L BB OBEEERIEIMA, AT VI IAL R LT VT TR
50mm, 7 ¥ 7 FEa O IE Immx0. 3mm, [RIEEEREZ 0. 56mm2, REEF—4 L — M 3K 3. 2Gbps TH 5.
SZEXE : N. Sasaki, M. Fukuda, K. Kimoto and T. Kikkawa, "CMOS UWB Transmitter and Receiver with Silicon Inte-
grated Antennas for Inter-chip Wireless Interconnection, " Proc. 2008 IEEE Radio and Wireless Symposium, pp. 795-798,
Jan. 2008.
SRETHART : 3 AALLLE, 4 AFKG 8’5V —JL 1 Cadence #t: Virtuoso, JEDAT#: a-SX, Synopsys #t: Star-HSPICE, Men-
tor #k: Calibre, Mentor #: CalibrexRC, Silvaco#: SmartSpice ~SY IR &% : 1,000 L, 10,000 A5 HES Y 1 ASPLA
90nm 2.5mm x 2.5mm  Fy 7Rl : #5E (RF[ENE, ATM 7% L)

Iy F v TEIR/ A X5l TEG

—
(03]
©

KERREZEXRZREREEAEN  IMEREFL BFEE BL i

BEE © AGMECIZER/ A X X 2 EIREELE 2 ME T 2R 2 L L, G/ A XMl
Eratz. 2 A ZHEERKIZ) v /AL —F 2 LB T, A v N—F LT VR
Syvavy—thoilREns (1] . CoRKET Y VREETORTER A 29K
BT 2 LWRETH 5. HiEEEL D LR z21T, v 7 v 7RO 1z il A
7o WIERGRD &, HIR, A ZAHERBEOBE, BLOMREEHERL 7. il 2®RIZkD,
Fr 7Y v Tk GEE, BHEAEEE) om b EHERI N ZoblikE v CER
A RPIBERMEL, THy 7)) v IR, BREICL ZEHF A ZRROBROBGE 21T >
7.

SZ3M Y. Ogasahara, M. Hashimoto, and T. Onoye, ~ Dynamic Supply Noise
Measurement with All Digital Gated Oscillator for Evaluating Decoupling Capaci-
tance Effect,” Proc. CICC, pp. 783-786, 2007
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SREHEAR - 1 AHLLE, 2 AARI  BEHY—JU : Synopsys #: DesignCompiler, Synopsys ft: Astro, Cadence #: Virtuoso, Sy-
nopsys £ Star-HSPICE, Mentor #: Calibre ~Z > Y ZX#% 100,000 4 F H#EZF> : ASPLA9YOnm 2.5mmx 2.5mm Fv 7/
TR : TEG (Rri:RlhiEHs 25 &)
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Frk19FESE3EASPLA CMOS 90nmit{E
(AS90073)

BS5OZFZFIALTEE L SBEDZALEE S FPGA

RBRFERPHATR AKFE, AR TR, B HE

BEE : FPGA ORI ATREMEZ R L ¢, ML S E D 2 LIF 272007 A Mgz iR (E

L 7. KLSI T, FPGA OEAMIREF TH 5 CLB & CLB D FLMLEL % Bt § 2 72

DAVN=FF AV EOBERINE LT AV P10 I NI 74 v 2R TREE L

BoTwd. BIAVIE, AV N=FF 24 VOREDBRE DT AV P 2EEFD.

CLBMORBIZEEEINTED, X560 Ik o TR o238 IN T2 Z L iC

X0, BERXR LIS ENTE S, R ORRIE, CLBICHAIAA IZEEIEHIERER T,

B OMINCAT ) T EBTES. T A b OFRIEHEIEE MR L 7.

SEIR - ORI, EAH, Ngo Cam Lai, /AR, N5 E, "EELERZ Hv

7AKa A b7 FPGA O - B8 £ Y [ EFE", pp. 41-46, vol. VLD2007-163, ICD-2007-

186, no., ETEAEREESEAMEHE (2008)

SREHEAR - 1 AHBIE, 2 AARNE |/EHY—IJL @ Cadence #: Verilog-XL, Synopsys #: DesignCompiler, Synopsys #t Astro,
Cadence #k: Virtuoso, Synopsys#k Star-HSPICE, Mentor #: Calibre NS> Y X4# :100,000 L #HES > : ASPLA 90nm
2.5mmx2.5mm Fv TR : Z DAl

(&5 D E 5, Eir/Nr 7 A5Fli, NBTI4F1EsFl TEG

RBARZEHREMEN B RYE FHEBE, IR, N FER

FRERFITHE EF #REA

BE: SBOV v I Ay L—F 28, ZNZNOFIRMEEOZLE) %2 WE T 2 R, H

WA T AZMA S &C, BfEREZ LI, ($62ZOHIEZT% ) [k 2 Mgz

B 7o B, VOB, e VOMER E2 LRI v I AL =Y DD 0

EL, 2077 uz2 301507 LARICIEL TES D EDRIEZ1T% ) FR A 7 AT

& 21E5 0 FMIERIE T, EREEZHIET2 Y2 va vy 7 F £ TOEMICED, 2L
DIEEEBED LI BT 2002 WETL I 2—2DHMNELTWS. £, 7—

MZA MLV RABEEEZPIT S LI DT 2 NBTLIZ X 242 HET 2 TEG bHAAA

7. T AL OFER, IEFEIER R L 7.

SRETHART (1 AAMLE, 2 AAKNE &5V —JL : Cadence #: Verilog-XL, Synopsys #t:
DesignCompiler, Synopsys fk Astro, Cadence fk Virtuoso, Synopsys fl: Star-HSPICE, Mentor #: Calibre ~rZYI X%
#:100,000 4 S>> : ASPLA90nm 2. 5mm x 2. 5mm  Fvv FHER : TEG (Ri:EHmalEg 7 &)

ZRTEROHDEZEY Oy U D ECEEE

LEERFEHNERFEHARE EXRE—H YBER sHE

BEE W EET 2 ZRUEBES AT A2 EHBT210H7: 5T, TXTOHESF v 7K
DENTI7ay JESWTILENRD L. 22T, AR TIHEBE®E, KAF2—, Ky
Y —, [EHBE D7 vy 7 EENFEBTE 2 FHENE AN % o 2 B R IR O % R
LicFy 7HICIGHT 3 2 E2BEL, £F v 712iE CMOS @ 90nm 7a -t A %A L ¢,
ELEPFAREIEE IV BRI & CMOS 7 a 25 v 7 )VEEK 2 #EH L 72, #1734 2
2T 2 L CREEEBIEZXD, ZRuEMHT 2 72010 SHEREZHKT 5 2
EXRHNE LTS, 4 v 7y EMEMmE MBI oA v & —F —F %2 Hli&dEEH L
THEEALLZRICEMEEZEBH T2, v I2L—y a3 VIZBWTEES14GHz, 2% 2
—0. Ipsec DFEBFWIE 7. F v 7% GO IMETNMIES5BIT) PETH S.

ERSTHAR : 1 AHBLE, 2 AHRH 8&EHY—JU @ Cadence #k Virtuoso, Mentor ¢t Cali-
bre, Mentor #: CalibrexRC, Agilent#: ADS ~SYIX&% : 1008, 1,000 KM HES> : ASPLA 90nm 2. 5mm x
2.5mm Fv 78R : TEG (Bihaimgs 2 &)



ZERTERBD-HDZET— 7 RO

LEERFEHNEREZARE hE XIE, i 7w, a2

BEE -4, EWEREH D IO EHES SIS AL TR Y, AN, EEEELSI S AT

LOEBPBELE INT W5, 22T, FEESy 72 =200hE L, BlEmRz T

F v TR T 2 FESFABERIN TS, 2 OEEEMILE R O T HERRIC L THFE

RERRODPKE L, GEEEROYT L2570, HEBMHSOEKEEIRIELEA 74 E

—% VBN & D ERIEE - AL E Mo 2B T v TEEER T — 2 SRR R RE L,

BEAMERAT o 7. REMEF v 72, S - BB I L 7 90nm 7' v & R D

%7y RY AT, HIEEMROA AR % B L 7 2R TR BRI & Bafi L 7o

B AT LRFERL, MARFIERRE, H18y 7 7B, E@EERZ SR L 7 (SR s S

HTEG 2L 72, WEIC X {5k L — + 5Gbps DEEDMERTE, Z DRFDRZ(ERH

DEEEIT L. ImW TH o 7.

ERETHEAR - 1 AHDIE, 2 AHRNE 5|/EHY—IJL @ Cadence #: Virtuoso, Mentor #: Calibre, Mentor 4t CalibrexRC, Agilent #f
ADS FSUIYRZE 1000 L, 1,000K45 SHEZ> : ASPLA 90nm 2.5mm x 2.5mm  Fv FIER : @5 (RF [HE, ATM 7%
&)

BEREBENSEEN - B2 AZADCEFLSE
LERFEHMEREMERN FHRIKR sHE

BEE  ASECTIREEY 7Y v VRO ASADEEBICEA T2 L 2HNE T 52H)
ERBE IGHz, R4y P D7 5 v o 2 TR E X BRI IE 7 — 7 4R
Mg %G L7z, 16 Fa v L —FicB T L VAR Z R % 2 L THESTA
M)V TEAREE L, »OMOSHA R%F/MNCT 52 &oE - KB T 5. BIREE
1V, 1IGHz BifECHEE NI 1. 2mW TH 5. BTLL ~VEEICH L TIER T LA #li
ERE&IC & b, 1LSB=25mV Ic%f LA AV fHiIEA[BE & L 7. £7, ZOHIIET— % 2%
RICEIC AL T 2 HRE 2 R0 [ TEG b fE# L 7. WEFHii o f5 58, ERELE 1V T2
vy 7S 1.5GHz £ Tay L —FEIET 2 C E2TER L 7. HBEENIZ 7 vy 7 Kk
¥ 600MHz T 1. I3mWeIV TH 5. £7, I0OMHz ® 27 u v 7 CHiEBI{EfER 27> & 2
2, MWD S OREIEF — 2 3%4312 & © INL=0. 0SLSB BAF 23R L 72. #i1E 7 — % AR [al%
DFHIIZ5HITH) TETH 5.

EREtHAR 1 4 AALLE, 5 AHKM ]|EHWY—JL : Cadence #: Virtuoso, Mentor #: Calibre rS>Y I X% % : 1,000 L I, 191
10,000 A& EH#EZ Y  ASPLA90nm 2.5mm x 2.5mm  Fv 7#&Rl : 7+ w2 (PLL, A-D/DC-DCa v N—% kL) ’55%‘
2
=
F
W
0.5 V B RF ERER A
KEERARZAREBRTZHRR KR R, A BT, BHEE 8, WT XX, R BE, ?’F
KOM=
BE . CMOS 7’1+ 2 Dbt AR O BIREE MK T3 2 720, KEREES iﬁE

RIS L 72 RF Mg 2Bk S5 . ARGRETIE, 0.5V CEI{ET 2 (K45 WiEa (LNA)

S ¥, 2L CEEMEATEGSR (VCO) 2ilfEL 2. LNA OBIE#EKEZ 7 + —L7 v P

BREL, EHICNEA V7 LAfIA VY 7Y 2HRBESE NIV REL P T VA

L322 T, LNADOHREZHIKT 2 2 L8 TE 2. RET 5 LNA (0.2l mm2) (30.5

V OBEJERE, 1.0 mW OiBEE <, A% 4. TGHz It \»T-10dB DI T d S11, 16.8

dB®» S21, 3.9dBDONF 24 TE D, fEkD7 =57 v FRILNA (0.29 mm2) D2/

SOMBCTHEFEDMR TH 7. SFHICAAL v FFI7vRAavy 7%, 2L TVCOILHE

W% 2 CMOSHERR 2 IV 3 2 Eic &k b, [REEEIEZ AR & L.

ERETEARE 5 AHLIE, 6 AHKGE 5REHY—JL @ Cadence #: Virtuoso, Cadence 4k Analog Artist, Mentor #k: Calibre, Men-
tortk: CalibrexRC ~ZYIZXF# 1000 F, 10045 HIEF> @ ASPLA 90nm 2. 5mm x 2.5mm  F v ZH@Rl 1 i#@f5 (RF [,
ATM 7%z £)
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{EHEEAN Viterbi 7 1—5 DHME

EBERFRZRERBAARE HFEEE BEXE—

BEE RO MANEE TIE MIMO £ OFDM AxUcfREI NS 74 ¥ ¥ IVIERLERE D

FERIFE, RERARE R T — YRR RSREENICm FLTw 5, ZoERICE, FFT 7

O+ v 35 Viterbi 58, MIMO #5474 £ OEOIHBMIEE I 2 FFORX— 23y FAL

Ptz LS v 7 icg2 L, MEEZ2 MR TE I ENERHDO—DTH L LER

%, R—2ZNv FOBEEEOGEMRE - KEELICHE ) Y 2 7 B E ol THh, W

FREEREIC LB LTINS 2. 5% b Z Dfff BN L T K2 H 5. REKfETIER

— ANV PP OKIEER IO EZ HIWE LT, 82, WHE7, fekEkl/

2o Viterbi 7a—%2#Fit Lz, BIETE L —ANy ZE, HRAEEELWLL L#N

TIRSERFERE 2 B A L, BIfRIRDLCIG U 2B HHRZITH) 2 LN TE S,

ERETEARE - 1 AHADIE, 2 ARG 5REPY—IL @ Cadence #: Verilog-XL, Synopsystk

VCS, Synopsys fk DesignCompiler, Synopsys#: Astro, Cadence £k Virtuoso, Cadence fk: Dracula LVS, Cadence %k Dra-
cula DRC, Mentor#k Calibre ~rZ>IX5#%:100,0000 | BE#EF> : ASPLA9Onm 2.56mm x 2.5mm Fv 7Rl : 7+ u
TITY I NMEFNE T T

BI7YYILTFP 7RIy RiEEHET 5%K— b SRAM i&Et
LEXREF/FIAR - VAT LHAREY Y — £0O0 %, A G, R @,
BEREX
AV NVR - IT Y,
M BEL
BE : 90-nm CMOS iz H\vwT, HAREEED 7 VL7 7 ANV ViR%
ITbps 2 H$ %% F — I SRAM Z2/h[HifE, KRARTHEIL %, HiBOREETIcHENT
WA RIEZ DO F iz, RO TIE, F—FYDDEy MEEZECTC
I IV T LT 7R ANV PR 1Tops #EHB L /2. £/, SRAMfE vy v 7ik%al
HICEREMEZITI S itk D, MHBEENDRRHICEBIL T3, BEI DT v 7L
filifc& b, SEMEFHIIEHE T LT,
SZEM © K. Johguchi, Y. Mukuda, S. Izumi, H. J. Mattausch and T. Koide, “A
0.6-Tbps, 16-port SRAM design with 2-stage-pipeline and multi-stage-sensing scheme,” Proc. of ESSCIRC2007, pp. 320-
323, 2007.
SRETHAM : S AHDIE, 4 AHKE 2|/EPY—JL @ Cadence # Verilog-XL, Synopsys #: DesignCompiler, Synopsys #t: Astro,
Cadence tk Virtuoso, SIT#L: SX9000, Silvaco fl: Exper, Synopsys fl: Star-HSPICE, Cadence #1: Analog Artist, Mentor £k Ca-
libre, Mentor 4 CalibrexRC, Silvaco #: SmartSpice ~Z I XF#:100,000 L HEZ> : ASPLA 90nm 5. 0mm x
5.0mm Fv 7Rl x€Y

BRNEBEEFPGA (ZLx>7) 70ty 4)

R RERRBZRMERAR LY 5 — EXREA, KR B3k

BE ATy 73, a7 B cHEEZ R ZR FPGA: 7L 3> 77 ae v 4

4CTH5. 7VF> 7V 7uky V4, av 74 Xal—vavi—FE2RETLAEY

EAVFy 6y T 7 ANGERLTEY, £/, 16x16 0 LUT R — 2 #@HEET (3

~6ANEMLBECY DB AT 2L V3. Led->T, 7vFe7Ar7aryy

41322 B b T 4, 096 M D FRBEE T2 FEBIATRETH D, AR 100K 7 — b HEED 2 —

Fhz~y EY 7 TES. I 610, BNHEMEEMizMV2 2 Lickd, 7Y 74 A8

AD2y ¥y 7% 2RIG (W) 56 3Ro0 (EME+RE) KRS58 T, 20742

VS AEIE % K 20%EIHT 5 2 L3 CE S [1] . WES, BLHHELEDS LSI G £ C BT

E > T 58, TR ORI M 2 v % 2 & CRIBDEEDMMABIMZ 55 &%

ZTCHEZED TV 2.

&3 : R. Pantonial, Md. A. Khan, N. Miyamoto, K. Kotani, S. Sugawa, T. Ohmi, "Improving Execution Speed of
FPGA using Dynamically Reconfigurable Technique", pp. 108-109, in proc. of the ASP-DAC2007 (2007) .

SRETHARD : 2 AHLLE, 3 AHAKNE &EHY—IL : Cadence #l: Virtuoso, Synopsys #: Star-HSPICE, Mentor £l Calibre K5
JZZE 100,000 L E BRET Y  ASPLA9Onm 2.5mm x 2.5mm  Fy FERl : 7w/ FYYIVESUE Tk v



FERFoEEZzAVE7OEYY

BE  AF vy 7, FEASEFL 7 ay YRREHINTE D, Ihsziiladbei
Brotkggm b2 I CEHiiT 5 2 E B HNTH 5. FEMSOER 1 F v TICEFEER ARG
HoA v 28 - RZEHDI 8B D, 2037 vy 7H, 1637 —2HTHD, Fv 7
B 7= 2@ 27> T 5. {EROEBEEFICHN, 3ffo7F—2 L - TEfEds. |
WEIEREZ M TENZHINL, £kaElZFAL T/ A X934 7% {, BERDEWEG
EEBTZ. Taky i Fy THBIIIGE Ty v S AV B D, BEAME
WINATH [1] . Vavy 74X+ 7 7UHEEND 2 DT, FRR M EIRKISNIET 5 2
EWWHETH 3. flAGbY  FHEAEELE Yoy EHAADY S 2 LT, WIEERE
DIER ST & R 2 ~4 517 2 BiA &, BIfE (2008/3/31) , F24eutfiiz L&D, 6 H
~8HIZH I THIEZATV, fFEREZWLE L THRT L TETH 3.

SZ3H :© [1] Hideharu Amano, Yohei Hasegawa, Satoshi Tsutsumi, Takuro Na-

kamura, Takashi Nishimura, Vasutan Tunbunheng, Adepu Parimala, Toru Sano, and Masaru Kato. MuCCRA-Chips: Con-

figurable Dynamically Reconfigurable Processors. In Proc. of the IEEE Asian Solid-State Circuits Conf.

pp. 384-387, Jeju, Korea, November 2007.

(A-SSCC 2007) ,

EXETHAM : 5 AHDIE, 6 AHKNE /EHY—IL @ Cadence # Verilog-XL, Synopsys #: DesignCompiler, Synopsys #t: Astro,

Cadence #t: Virtuoso, Synopsys #t: Star-HSPICE, Mentor #t: Calibre ~Z>IJ X %% 1 10,000 2L E, 100, 000 A

ASPLA 90nm 5.0mm x 2. 5mm Fv FiEhl : v 7u 7ok v ¥

BHEBEDFYTHRA VY 7 T —ADMK

BESBARPETZEN HEZE— JIHFN, ZEdle, GECE EHARL

BE: 1y b7 h)oBEBNBMRERNDERENF Yy 7T —N2FG LI, TAY
—F = VDOEA LD RERBEHOHWNEER L7z, TAP—F2—Vi3A V¥ 79 %A
FhcEERe L, BT v RLIICB W OGREBREZHEAHT2 LTl F ¥ 2V H D DXG
BNEHET 2. BEBRIIEFR LA V¥ 77 TRTUTHEN S 720, BEOWEIHEI L
TENZHIRT 2 Z EBHEETHS. LL, MOSA ¥ 7 Y DHFERTICE-T, &
BV A DWIHF v 2V CHRE 2 7-0ic, WMEERBICIES2ENELTLES. 22
T, A VY YOG RRET S 2 ECHURZEBERZB2 I L2AMEE L. O
fbiz & b 30%DEIIHIRZ ERTHE & 72 5. AEfhi2 EH T % 72 ® 12 90nm CMOS 71+ A
WCTARF Y FREMEL 7. BEEHE 15um @ & ¥, BER<I0 22 &K T 2 720 D%EEN
% 2 BT 40%, 4 BT T0%EIRT 2 2 L TR L 7.

SRETHEARD : 2 A ML, 3 AR |/EtW—JL : Cadence #: Virtuoso, Synopsys #t: Star-HSPICE, Mentor #: Calibre
JZFZ# 10,000 L, 100,000 A0 SHMEZ > 1 ASPLA 90nm 2.5mm x 2. 5mm  Fv 7R : @E (RFMEIE, ATM 4 &)

Y7oz 7EBKAVCO, Y75, DSADC
EERBAPEBTSE FIER Bz, ¥EIF &2, kB <F, A B, BA8 £, GE ZE,
20 BIA
BE: ZoF v 7icix, VCO, ¥ v 77, ZLTTNY Y 7R ADC ORIEIEHEH I 11T
W5 ZNEY 7 Y 2 TR 2 RERS AT L2 ME L TREFS N LD TH S.
B I VCO LY v 771, MiXOMIAEDI-DIfT27bDTHS. Ty <l
ADCIz 2T, /NEMD» D87 — 27— 7 79V (AEEIC LB L 2488 ) 2 HEE
LEIRFNY S I<BADCO T —% 5 7 F % » BIEEBEEZELEL 7. BARNIC, P
B UBIGEFR D7 7 v ¥ 2 BIADC IcEb h BRI ADC % 8 L, WE DAC I 13 ik
E—FDACIRRD D F %82 % - 7L A ADCRAML %, X 5 ICHBEEIRD 720, T8
> 7= ® ADC DJiig DAC £ BX i ADC 0 fitid DAC O3 F 217> 7. WETIE,
VCO, v 77 BIEEICEEHE, 71y /<R ADCIE, BIfED L 2 2EFlERTE T
R 73NN

2E Xk : Richard Schreier and Gabor C. Temes, “Understanding Delta-Sigma Data Converters”
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ERETHARE 1 0.1 AALIE, 0.5 AFAGE SREHY—JL : Cadence 4k Virtuoso, Synopsys #: Cosmos, Synopsys #: Star-HSPICE,
Mentor #k: Calibre ~Z Y X&#: 10000, 1,0004% EMEZ>  ASPLA 90nm 2. 5mm x 2. 5mm  Fv 75l : {5 (RF

%, ATM 7% L)



©
I

DR EIN e W IR

ESDOEFETFTIVING A=Y HIETINA A7 L—EIEE
RRIEXFZFAZRREGETIZMER fhLL #EEA
RRIERFHROMER &k =%, LR, Mk BE BT —&, L B,

= —8k
RRIERZEEIZWRA Rk &
BLEE : Statistical Static Timing Analysis ETHIEE 22150 FEF IV DOREHEEZHIN &
LT, ZOFEAREL L FNL ZARHDIZS2E2HREBT 220D TN AT L —%2EL
o BRECTEY 7 AL v v ad—)L FERPHEMEROIE S 2 EMWE, BIOTY— RO
o2& TFMT 27 0DMBEEFIEL /2. Y7 AL vy ¥ ak—)L FEROMIEICE W TIX
1,000 b7 P28 7 L —ion LTIEHENSR DUT @ V) — 7 &5 DUT EIR B R
T 6 DHEELZIT R OTPAA—F—THENRDUT OB RZMEFRETH 5 & & i
AL REIENE» 5 OMETFT—2 % b L2 X D EfERIFS D E /87 X =y i EEEOiF
FICEIT T L.

SRSHHART 1 3AHLLLE, 4 AHAM  ®EHY—IL : Synopsys #l: DesignCompiler, Synopsys#k: Astro, Cadence #: Virtuoso, Sy-
nopsys #: Star-HSPICE, Cadence % Analog Artist, Mentor #k: Calibre, Mentor %k CalibrexRC ~Z > I X 7% : 100, 000 X

L #HEZ >  ASPLA90nm 5. 0mm x 5. 0mm  Fv ZHERll : TEG (RpESHAmRIEE & &)

EBERFOEETEFETME BN ERSRICEZI I FIVvIIRILE—

HIiR%h R o Sl

REARFFBEA TV IR MY — SH H#

RRAZEIZE & E

RERAFEmBZRMAREY 5 — Ak IEE, PN R, A R

BEE : VLSI & 7' 0+ 2 iz fiv, & 70w 2 - BURZSE)ICfE 9 BEE B 03K &
(o Tw3, 7uy 7E5%2 A0 »IERRREE IGEEA BN U CitE» &G, 20

FHARD 2 IcllAG bR HBEOEHERE T 27T I Ey bOR bu—7EE52/IT 2

W=y HRDH 5. W7 —& /AT, HAatbE R OIEILL B G b C i 2 it

MEHGS Z ECEMERE RS AT AZEER T2 Z EBHES. ARMETIE, WD DRIE

FTF 2B U COBIE SR O 2T 5 72, E7, BHMLICE->TREL R 2 Y — 2B
ZHIR T 2 FEO—2 L L, BEEEDEH W 7V PRI EZ T AL v F L LTHVS

R =T =T 4 VI FEBDH L. KRETE, 7 =2 v FOREZTINICHET S LT,

FNX —2 B 2 FIEOFHI 217> 7.

EAEAASRICED SIS Iy s

SRSHEART 1 2 AHDLE, 3 AHEm 5850Y—JL : Cadence #l: Verilog-XL, Synopsys#h VCS, Synopsys %k DesignCompiler,
Synopsys ft: Apollo, Synopsys fk: Astro, Cadence #: Virtuoso, Synopsys f: Star-HSPICE, Cadence %t Dracula LVS, Ca-

dence f: Dracula DRC, Mentor #: Calibre, Mentor fl: CalibrexRC KrS VI XF¥:
2.5mmx 2.5mm Fv 7R : TEG (FRMERHMh0# 72 &)

W CMOS BEEEXRAEMEZAWVW-SHEE CMOS REE Y DRR
BRI XFRERTFZMER #HIL A%, 0H 86 SHRZ
B n4E, LSIo|EERIck Y, CPU L ED LSIF v 7O RBDEDELL L TE T
W3, ZofER, LSINOWREZ IEMEICHIE T 2 081 EE->TETWS. 22T, ARk
T, M CMOS JEHETE FEFE AL M 2 T L 72, LSTIC BT RE 22 Bk % CMOS i ¢
FOERZEEL TR 2ToTw3. SEToRITIE, FEETTHLICL, HThit
FEHLTETI TV, S0, REL 3 & LTIXRTHIZBEEZHAAALL S DZEL
BL. Zhucky, FEARIC ;5mﬁ&/ﬁW@#ﬁﬁ%l%% TORIREYE, £7-
I/O £ )VIND ESD {Ri# % 11 & 2 BUEB A RSO IEE DL 2 M2 % Z & 23]
Ry, I BERHEELBRAENG. AF v 7T, (JmFFJz VYOI, £ VAV IR
VI—=Yavr v, Ny 777y N E L EE A R, U/ﬁﬁ/v—ﬁ,ﬁw
MOSFET 2#5# L 7z. EX v ¥, Ny 7 7 7 v PR S FLEBERERBICB L TiZ, &
HWEBEFRETNO 7 v P A DOW/LEEZ D D% 3OBE L 7-.

100,000 LA I= 5> 1 ASPLA 90nm

REHEART - 1 AALLE, 2 AARN EHY—JL @ Cadence #t: Virtuoso, Synopsys ¢t Star-HSPICE, Mentor #t Calibre kS5
JIZAZ¥ 210,000 B4, 100,000 A5 HES > : ASPLA 90nm 2.5mm x 2.5mm  Fv F#ERl : 7+ v s (PLL, A-D/DC-DC a2 v~

N=F 7 E)



AVFYVIESEZIVARATLOINY VIV RTF—Y0ER (2)

HRERFERERITEMAFER 1SH &, KHE

BE: v 9y 7ME5E221E, WENREL IR EFA—DF v 7 LIceE=Y <7 0z E#

T2 LT, @l - BRELRBICIGZ EHRT 5. 4 v Fy TEEEZ Y OBPIBITG R E

M 132 eI LSINDERIA P 2IKHT 2740, E=y70r by PNy sy

FF—2 R DORESICER Lz, RRIETIE, 5127 — Fodma A €Y L8000 7 — FREE

DF =Y RV EffiZtzvArnayiu—7, E=9 Y A7 2OHEEEARER, X5

ICH—DRRR 7T DEFER 2 HET 5 7 0 VEHM AN T — 7 g ng e —

MEL T3, TRy TOFHMNIC DT, RERERER T LSRR RN o FEARGH % /& 2

7BETH D, SHRFEMEHE D 5.

BEXM: AV Fy TEEE=Z IOy Z Ty RF— S 0UB%, 7 G, KH, 2007 4

VDEC 43 (2007) .

ERETHAR - 2 AHBIE, 3 AHKNG |/EHY—IJL @ Cadence #: Verilog-XL, Synopsys #: DesignCompiler, Synopsys #t: Astro,
SII #: SX9000, Synopsys #l: Star-HSPICE, Cadence #:: Diva, Cadence %l: Analog Artist, Mentor #k: Calibre, Star-RCXT k
SYIRFE 10,000 DL E, 100,000 A5 FHEZF> 0 ASPLA90nm 2.5mm x 2.5mm  F v FHERl : 7 7 VR

AVFYv7ESET=7O7A0Y LY NERFHEFY 7
MERERERIZMER BHIES XHE

BE: v Fy 7BEE=21E, MENRELZERELEE—DF v 7 LicE =% <7 0% &
T22ET, Bl - FEEREIEE2EET 2. ATk, ey by R 7Frs
[H]#% D BARTERE % 263§ 2 2 D F A FHBEEEZIBE L TV 3. HbET, AvFv
TREEZ Y OWNBESHAENKE LT, ZHBIERY 4 I v V5 AENEE2 L 2. [
KB LIA v F v TBEEZIDONy V2V FTF—F MR T v T LflAAEbE S 2 &
T, AV Fy TEBEEZIDO AT LAERBOFIZEITE L. TALF v TOFTIZ DWW
T, ARG TSR O FEARB E 2 R L T 2B TH 5.

BEXE A F v TEEEZIONy VIV FF—FMEFR (2) , 7 BH, AH,
2007 4£ VDEC 4] (2007) .

ERETHAR : 2 AHDIE, 3 AHEWM ety —JL : SII# SX9000, Synopsys f Star-
HSPICE, Cadence f: Diva, Cadence #: Analog Artist, Mentor #: Calibre, Star-RCXT k;Z>YIZX%% 10,000 L E,
100, 000 A5 S > : ASPLA 90nm 2.5mm x 2.5mm  F v F&Rl : 7+ FVRER

TFHhYTIVITBEFMTEG B LUV Y 1 X v/ RBIRHEIRESTE TEG
KIRAKRZFREBRIERR FHATR INER ZR5h, EH 8, 4K BH, B =5,
BL i
BE ATy 7220002645, 1) EHEDO 7B AICE T 5 SoC OYHEETILH
R A RDEEEMEPBREARTR ERS>TWE, FThy 7Y v IRERIZER A AWET
BEWICHV NS, F IR O — VEEEFHT 5720, HEA —/N—~y FP7
— MY —VBROMENFAET 2. KF v 7T, kb7 OB/ A4 ZEREIHRZ K E
(TBZLDTELZFEEACIT Ay 7V v IRREEFEE L. AKMEF v 72 ATl
EZATV, L ZRER T OmfE, FikzEEd 2 L FEKIC, WERRICEIHTE DR
KN EFHZ O WTHRHF 21T FETH 2. 2) 7 ALy an FEEE, 8E s>
PUEZAIC X > TRFEEEES K E S BT 208NN H 5. 7— R b r —AZHifIC
L 72 BIEEEEECIER & ik~ — 2 v 33T & D BRI W, BER IR IR B % 8
R LI S 2RISRk D 5T b, KF v 7Tk, BINICY 4 2 v 7RIS 2Rk 292351 7.
ERETHARY : 2 AHDLE, 3 AH&KM |EHY—JL : Synopsys #: VCS, Synopsys #k: DesignCompiler, Synopsys #: Astro, Ca-
dence %k Virtuoso, Synopsys #: Star-HSPICE, Mentor #t: Calibre k3 >JZX##: 100,000 L. E #HEZ > 1 ASPLA 90nm
2.5mmx2.5mm Fv 7TERl : TEG (RpERHAmRNEE & &)
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DR EIN e W IR

NECHRFAXZ{ESE LSI

BRERFEI#MENEREFIFEY Eith (7=, B &8
BREXREIFHERETFIFER St A, T FK, K8 B—

BEEE R — F IR RIS BT 07 %2 H VI, Yl %22 o Edifl, (488 it
WD FHLA TV 5. KR T &5 VCSEL 1383 IE & 5 F RS ELES R E Vi
b, EHT, WE LR EWEEE S oI, BREERINIYE /T2 o S T 54
Pidh 5. £/, VCSEL OB — HEFERMEIIIERE ch b, BMBIERKE O S LD
LT DR SIICHIBITE 20 EH 5. TS DFEE RIS 2 72 %, VCSEL BXE)
BRI OV BB LT YDy 7 7o AR E Y4 2 2 7 2 HIE T EE 20% 42 A
BEREL 72, A2 v, 90nm CMOS #LE i< 4ch, 10Gb/s YGRiiR %32 (2 %
LSI DG, dfE21To 72, 3UWEF v 713 BAE T .

SRSTHARD : 10 AHBLE  5%5HY—JL @ Cadence £ Virtuoso, Mentor #l: Calibre kS
JZFE 11,0000 E, 10,000 K4 HMEZ > 1 ASPLA9Onm 2. 5mm x 2.5mm  Fv 7R @5 (RFEE, ATM % E)

YIWFIA7Z 7Oty SOiRE

AMKRZVRTLLSIAREY 5 — aR=F

BE : fAAHRATEA TR LY —vLF a7 7Tuky YOWAO—BE LT, #EiHEo

Media embedded Processor (MeP) Z~X—2z2ic4->D7axyHar7ziERdTsHKE

o7 ACLFaTTaky ¥ ERMEL. AMBA © AHB#EDO N ZAZFHFIL, 4207

By H a7 TNy THDOITAGEY a— V2K L. 7oty yarzid32Ey + &

16y FOREMAEREEZRFD. 772332y FTHB. £ uk vy i 4KB Dy

¥ x vy a2k 8KB ol SRAM KU 16KB @ 7 — # Hl SRAM % #5# T 5. AfE 3

1 FH7— B2 LF 7oy 2 RPECTHRGHT 2822 2 2 L2 FRHME L

ok, 9430770 =Y 2Ry 2L —aryBIUOKEHICET 2HERIZF v 7B

DELZ2F~IFIIHI L CHBEIC 22 Z 2R L. ZOBBEDF v 7EGEHT XA

DFFTAFN LD b F— 2 2RoRHNLE vy 2 7 VEMPEECTH 5. SHORMEICE

L7z,

SRETHART ¢ 10 A ML 8&5HY—JL @ Cadence #t: Verilog-XL, Synopsys ft: DesignCompiler, Cadence #t: SignalStorm, Sy-
nopsys #k Astro, Cadence fl: Virtuoso, Synopsys #: Star-HSPICE, Mentor #: Calibre, Mentor #: CalibrexRC ~Z VI RX%
#:100,000 L E BEZ> : ASPLA90nm 5.0mm x 5.0mm Fv &Rl : v /v 7utk vy 4



%1 9FEHE4EASPLA CMOS 90nmiz{E

(AS90074)

(&5 D E 5, EiR/\Nr 7 A5l TEG

RBRFERPHATR B R¥, FHBE, VW MR, NFF FE

REBRETEE W #REA

BE  LH0) v A L= 2ERL, 2N NORIREEEROLEE) %2 WET 2 A,
WNA T AZEMZ S Z &T, BEREEZZLIE, 62 OHIEZIT% ) Mk 2 %
B 72, B, VOB, v VOB EEEZL) v I AL =Y E—DDT /N
&L, Z0~=27u%z30x15D7 L ARICHEL TUXSDZDOMEZIT2 ). HRANAL 7RI
X2 Eo D EMIERE X, HIRKEMEZFIH T2 72 vavy 7 FETolEBICKD, &L
DEFHREN ED LI ICENT 2002 WETSH L2 —D2DHNE LTS, T A D
R, IR RER L 7.

ERETHARD - 1 ABLLE, 2 ABRKM 5REHY—JL : Cadence #k Verilog-XL, Synopsys
DesignCompiler, Synopsys f Astro, Cadence %t Virtuoso, Synopsys f: Star-
HSPICE, Mentor fk: Calibre ~Z>JXF#: 100,000 F #HEZ> : ASPLA 90nm 2
PRl 72 &)

4x4 MIMO-OFDM A= MIMO 7 1—4% D&t
IBEXRFZFAZRERBZAER LA RS SEES, BXKE—

BME: A7 =%y 70— FAY FEEOERICHEY, EXALLHETO 7B — Ry
FERAOHFENEE D, SBOEERLBELFIT 2 HBBEE S 2 7 2120 T 2 HEI3
HEDEEZOND, RMROEHRMEG L AT LE2HBT 277V r—varel<T
MIMO-OFDM /iU FE B EMTH 5. KFAETIE 4x4 MIMO-OFDM ¥ R 7 A MG
T22M7 4y Ik B MIMO 7a— 286G 7. ko MIMO 72— 4134
7% v U TEOBM G U CUBEBEIES T 5720, 37X v U THENIKRES BB L
KT OB SNBSS ARARE & 2 5. 22Ut L TIRES RO 7 a — S I358ec 4 75
A LT B 2 L TUBBEIEDSY 7 ¥ v ) THUCHKAE L R WEELH 2 EZR L TW» 5,
SREHHAR : 3 AALLLE, 4 ARG &PV —JL : Cadence #: Verilog-XL, Synopsys #t
VCS, Synopsys fl: DesignCompiler, Synopsys £k Astro, Cadence %I Virtuoso, Ca-
dence #: Dracula LVS, Cadence %k Dracula DRC, Mentor %l Calibre ~ZY3JX7#
5.0mmx5.0mm Fyv 7Rl : 7w s /TP NEBNE T ek v

HREND—T—T 1 VI BEEEID 71—k 7059 7ILVLSI

R RFRERIERB AR RIL B, AR AKX, &1L 7k

BEE @ 3GV — L OB It 5 BAFEIHI] - BIRE ORI R 2R & LT, FPGAITREX
N3YVary74xXx7 7NV VLSIDBHEHENTWS, FPGAIZEWTY ASIC & HEkIC, 7
Oy 75D dDHBEEIOMA, 70y 7 2% 2 —IBET %R LR, 5
YO RAYOWERIES D FICHINT 2 HEEMOEIER R O £ 8 72 & o RESHEZL L T
%. %7, FPGA ZlAAAHETH ) H5ED —BOMEN IZEEBNIOL I TH 5.
12 65nm B D FPGA TiF, YV — 27 BRICERN T 2NN EBEINEE 25, £,
FPGA TRV A Y EDIERE k270, 70y ZEBEBNOKE v, KiffEcix, JER
WHRBF—FIEDOA TR, BREHECLANTHE I EICERL, 7=~ =7«
VIR R AT 2IEFM FPGA OoifE%24T9. LUT L AL v F 70y 706k 5kL%
10x20 D7 L A RICEERE L 7. 92z X b, LUT (Look-up table) & AA v 70y 7 )

.bmm x 2.5mm  Fv 7R : TEG (K

: 100, 000 M I

#MEZ > ASPLA 90nm

SR HENVOEIED1.33ns %5 2 ERMER L. £, Y Ialb—vavickb, FIKXFPVLSI &KL T F—F WIHLEEN %

2%\ TEL,

ERETHAR - S AHDLE, 4 AHAS 5’5V —IJL @ Cadence#t Virtuoso, Synopsys #k: Star-HSPICE, Cadence ¥ Analog Artist,
Mentor #: Calibre k5> Y X% : 100,000 54 = #H#EF> : ASPLA90nm 2. 5mmx 2.5mm  Fv 7l : 7w 7/FY 5 4G

ST 0 X v i

—
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BIYY L7 7RIy RigeEd 5%K— b SRAM i&Et
LEXREF/FIAR - VAT LHAREY Y — L0, A Hi, R 6B,
NIV NYR AT Y,
MNEBEL
BEZE 1 90-nm CMOS £ffiz T, HARESHEED 7Y ¥ L7 72 ANV FiEz b D% R
— F SRAM Z/NifE, RAERTHEE., ZnEFTORMEMEICLD, 16 KR—Fofilick
T, 13.9um2/bit, fERMD% K —  SRAM EH# LT, 16.5f5DMBEMER % FEH T2 &
[FFEIZ, 590 Gbps EWIE LT VI LT 7 ANV PR Tz, SR T
&, X560 EMMEDFAM % 1T ) 2o, SRAM NHOEH L ZDhoEREZ DI TE
D, SRAM L% X — £z &2 ofhon Yy 7 o KEEBIEREZ Sl X D&
fitigsdZ ENTES,
SE3 © K. Johguchi, Y. Mukuda, S. Izumi, H. J. Mattausch and T. Koide, “A
0.6-Tbps, 16-port SRAM design with 2-stage-pipeline and multi-stage-sensing scheme,” Proc. of ESSCIRC2007, pp. 320-
323, 2007.
ERETEAR : 2 AHDIE, 3 AHKNE |/EHY—IJb : Cadence f: Verilog-XL, Synopsys #: DesignCompiler, Synopsys #k: Astro,
Cadence #&: Virtuoso, SII#k SX9000, Silvaco tk Exper, Synopsys #l: Star-HSPICE, Cadence fl: Analog Artist, Mentor f: Ca-
libre, Mentor % CalibrexRC, Silvaco f: SmartSpice +rZ I X%# : 100,000 L HEZ> : ASPLA 90nm 2. 5mm x
2.5mm Fy7ERHl: xEY

il CMOS &iffic & 1T 2 HEIE S D= L EIR /  XFHifiF TEG
LBERFEF/TIAR - DRATLAREY 5 — MR fth, EAEKX, £O K,
& AP =WAVY Eia V| Vs 78
MEBEL
LEXRZRHPERZARE B EX
BE AFEDOLSIFFHC BT 2HEE 2> T3, #HEIXS>EPCHE ) 4 ZDHEDFT
fliz HAY & L7z TEG oG 24T > 7. FiREIE, SRAM @ TEG I & D #E I 5D & H3[A|
HRENENG 2 2 Z T 5. SRAMIZB W TE, ZEROHEEL L THvwonTw?
Static-Noise-Margin % §EflICHEET 2 Bl %2 3G L 72, CofRE D, T2 /7 ay
LBV THN LR VDRES V2T 25 LT, B L v SRAM R VSO R DFE &
BHMRPHIF I NS, £/, HE A XMHTO TEG & LT, p-MOSFET & n-MOS-
FET % S ¢ 7l #3451 L7z, 2O TEG OHIE X b 5l /) 4 XOMB O FEM 72 T %
fTH2ETES,
S 3@ © Shinya Izumi, Koh Johguchi, Hans Juergen Mattausch and Tetsushi Koide, "Static-Noise-Margin Analysis of
Major SRAM-Cell Types Including Production Variations for a 90nm CMOS Process, " Proceedings of the Workshop on
Synthesis And System Integration of Mixed Information Technologies (SASIMI2007) , pp. 261-265, October 2007.
SRETHAM - S AHDIE, 4 ARG &5V —IL : Cadence #f: Virtuoso, SII4k SX9000, Silvaco#t: Expert, Synopsys #t Star-
HSPICE, Cadence #: Analog Artist, Mentor #: Calibre, Mentor #: CalibrexRC, Silvaco#t SmartSpice ~rZ VI X7#:
1,000 BA_E, 10,000 A5  B4EZ > : ASPLA 90nm 2.5mm x 2. 5mm  F v FHERl : Z il

BEEAVFYvTRY M7= BT TEERIBECIR « SerDes EREDMF

RERIERFHRAMER AHF ER, B ESTF, 8l 885, & —5%

RRIERFBEILFMARAR RS2

BEE D54, Fv 7 RIcEMIN AR T e y 7 /IP ORI KRT 2HTICH D, ZhoD

FHE 7y PHlIfERITIA Y F Yy 732y P 7 =2 1I0&DHIEND Xk >TETW S,

AT A YTy TRy b7 — 2 ICHEREINZHEP LA 7 vy, EOFELzR L3¢

572012, BRI ZFIHT 2 FEZPZEL T2, KGUWEIZE TR, (SERgEE

BMCHMEE RS> TV RHEBZEIKT 272012, 28 - AT — Moz Hlasb8 Ttk

I ARH 7D DOFEMALREE 2 LI 2 DB 7 5k BB LA 2 30 7E L 7. {58 HLis

BLAR OB IR ZH LI 27012, SV AESZHGIEBEMOBHFEL, 72 FEIE

ZRfELC0S, 7, BREBEKEIHRY S SN mEES Y TAUEBEZ I L VEFIC

S 270, (KB - /N DEMUX [l & 7B L 7.

SEXCE : v, A, G, W, 3, EEEENA CF v 7OV AERREIR ", BTG ES A ke, C-12-54, 2008 4
3H

ERETEARE S AALLE, 4 AARM REHY—JL : Cadence #: Verilog-XL, Cadence #k: Virtuoso, Synopsys #: Star-HSPICE,
Cadence #: Diva, Cadence #1: Analog Artist, Mentor #: Calibre, Mentor fk: CalibrexRC, Agilenttk ADS ~rSVIXFE# :
100 B4k, 1,000 43 &HAES> : ASPLAINm2.5mmx2.5mm Fy 78R : =a—57/ 0



ELMY7WNTFIFINEZFERICELBESDOETTILOREE
RRIFKRZEHRAMER  (EE L, LED, LB, LR, & —5&
RRIZERFHREETZMRR HL #ERA

BE: Fv 7HOTNA ZARMEIESDE2MWEARE L T2 16> T =2 Mk E - W
ET S, A A=Y THLEHF~OEWEZEHRL, 7Hu /g TR TFYIVAT -
TNV TUL S D ESHERAT I M2 TR T 5. IERREEIN TR E TN AT LA
PADCEHIZ X 2 [-V lIfOME L R D, 7VTFYINVUETDOIES DEE=Y T,
Vthiz o2 &% EORME2iEiiE Tk CHbiR & LTET 2 MRETH 5. BIEHIED
HFRIE T E 7208, WIE I NE 5 D E OHHEDHEME L T2 P 7 v PRI T L AICK
BHUERGR & O—FDIAT57, L) HEND 5.

ERETHARD : 3 AHMLL, 4 AAKME |5HY—JL : Synopsys #: DesignCompiler, Sy-
nopsys tk: Astro, Cadence £k Virtuoso, Synopsys #l: Star-HSPICE, Mentor #k: Cali-
bre, Mentor t: CalibrexRC +;ZYIZXF#0: 100,000 0 L H{EZ> : ASPLA 90nm 2
PEFHIm LS 72 &)

I VEFEEANRF -EEFHRIRSE

RRIFEXRZFAZRETZMER R IR, [ R—, WER

BZE >V ary CMOS 7u v A2 HuiGaigi KA R S ) I REEE S X 7 4 2 BT
2700z, PIIMETEE & LCu — A UG5 2 ERT 2 BEHIHRIREORELTo7%. v
—WWEFICBIT S /A RBFES AT LRI ET 20 BEELHREHEZ L 2o Tw
% . BHHAF IR O HIRER 13 22 B (s R AR S O LC WP LR 13 %2 F v 2 7 N it %2
1o, QERTA v E—F Y ZADOBLED 6 IR Z 1T\, ZE{ERRE X2 R L. #
B Sk A% O R X %2 300um A 5 500um D #iHTZAL X & 7 5 D BT Tk 8 & Gl
L, HREEEROCHEE— FOBLRHEIC L > THERTE2 L9l TEG & LT
BRI AR & G L, RS D OBEMERESTE 2 L) Ick> T3,

ERETHAM 1 0.5 AHLLE, 1 AHARGM  2&EHY—JL @ Cadence #: Virtuoso, Mentor £t Ca-
librexRC ~SYIXFZE 100 L, 100 K% HEZF> 1 ASPLA 90nm 2.5mm x
2.5mm Fv 7R #fE (RFHEE, ATM % L)

.ommx 2.56mm  Fv FEERl : TEG (kf

—
©
©

THN G W IR

Hi
3ad

Of



]
o
o

ISR N e o

TR 19FESFE6EIASPLA CMOS 90nmit{E
(AS90076)

EEMIEWEEN Z D AR

LEERZFERDERNZHARE B2l [RH R, EHEB

BEE @ S 7)) v T RP D ALA DA O FE R ICEN 5 2 L2 HINE T 5 8)

TERPH400MH 2z, rfdsE4 €y P OERIID AZBERTH 5. EARFKEIZpMOS &

nMO S DMK ERL LV E AL v F v 7L CEHBEREH T 2B THD, ILSBD

B3, buA, BIRELIE 1V, WEEHIL400MH z BfERFICH ImWTH 5. 16fHDOE

Wi vz v, 20N T EOERMEDOBREZ NNy 7777 FTXxr Y 7TL—vavdT3

X CEET ZHIIEROEIZ L. b%ANTH 5. KEMIEIZEEERICHFL L2 X9

WWRBZRTICHIEEEZEWE T 2 2 LIk DTy, AIEDAIZ 100KH 2z TEIfES ¢ 5.

QAEVE—-FBEEORENMDID, V¥ —vy—¥udy A v 72 Tws, MEMNlD

FEL, MM OBIIEEREHED T, 400MH z ® 7 v v 7 TOEEZ MR T & 708, KX

KT TH5.

SEM © KFF

SRETHARD : 4 AHLLE, 5 AHAKINE 5&EHY—IJL : Cadence #f: Virtuoso, Synopsys #l: Star-HSPICE, Mentor £l Calibre K3
JZAFE 1,000 24 F, 10,000 K5 HEZ > ASPLA90nm 2.5mm x 2.5mm  Fv &Rl : 7w~ (PLL, A-D/DC-DC a v
—y L)

NERAXZESS LSI

BEREXFETH¥MERBESEFIYER Bt RE BEL
BREXFIFHEREFIER St BRE, T FEil%, K8 E—

BIE A — FPOEECR RSB i o ffE 7 2 HRYIC, etk %3228 o mndifl, (KiEEE bk
WHLD FHA TV B, SRR T S 12 MR I FE BN S 7 —TDIEDIT SO ED
RKEOWD, ZEMIIFAHRE ERARIAY A F Iy 7Ly PbBERIN S, ZoHEE
fEYes % 72, Regulated Cascode [ ICFIfRY h B2 B2 MLz 7 v A4 v E—
v AR EBFE L 2. 2 OB & BEEHEE % I AME T 5 I s B Al 2 A Vv, 90nm
CMOS #iEEATT 4ch, 10Gb/s JERLHHERZAE S LSI oG, ez it 7. sdfEF v 7
V3 BLEREAfG .

ERSHEART 1 10 AHDLE  $EHY—IJL @ Cadence %l Virtuoso, Mentor #k: Calibre kS
JZZE 1,000 B4 E, 10,000 &j5E  #HIEF > - ASPLA90nm 2.5mm x 2. 5mm  Fv Ji&
Al EfE (RFEE, ATM &)



%1 8FEFE4EMOSIS-TSMC CMOS 0.25umi{E
(MT25064)

EESFEEEGHHRAZ EValL—%

KIRKEXERTFHATE A KH, a0 #=

BEE | ARRECIE, [RERERE (0.8V) , {EHEET (0.6 mW) OMEHRIE(S A A

AY (Delta Sigma) €Y 2L —% ZEHL . E9ar8x 1. O0MHz THr¥ SNDR 1%

50dBLL ETH 5. MR, 3K 1DitDAC D CIFBHI 7 —% 5 7 F » Z A L, BHoeRic

IREIREE T A WIRIERIFHS Z 5 5 4 v oN— 2B OPAMP % Fi/- IcBAFE L i,

2D OPAMP ZKEHBILETHOHED AL —F 4 ¥ /R4~ P TEET 57012, ¥ %

Ry RV 7u—T 4 v 7BEEEZ N L T2, Hspice ZH 7@ GEY S 2 L —

Y avTCIREEDOARY V2R T 5 2 W TE . BREEME DT, N4 7 AREKIC

BE—Y PR BROENEZRICT 7 LIELA 7Y F 20080, Fagre v b

a4 P24 UMb BEE L TREFL T 5.

ERETHAM - 2 AAMLE, 3 AHARNM REY—JL : Cadence %t Virtuoso, Synopsys %t

Star-HSPICE, Cadence fk: Dracula LVS, Cadence % Dracula DRC, Cadence tk Analog Artist, Mentor £k Calibre koY
AZE 1000 E, 1,000 K4 FHIEZ > - MOSIS-TSMC 0. 25um 25mm? Fw FH#ERI: 7+ n s (PLL, A-D/DC-DC av,N—%

%L)
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TR 19FESE 1[EIMOSIS-TSMC CMOS 0.18umi{E
(MT18071)

777 1 7 IEEREBERONR

EXRFPEZEEEHES il &, FEX R KR Ea

BEXFE T KEF XK, EEF M

BE : TSMC Mixed Signal CMOS0. 18um @ 7' 1 & 2 TORAE % 1T\ Fif[a] o FiFE R % b

LIZREOWREZ TRV E L. 1. Rs, Ro minimum 3t Rs i & % RIS

T (AJ1300mV ik U H 713 {55%# 5mm ¢ 150mV, Z%# lmm T 200mV D {f

T) DBl E D, £/, MOS NLTL T H#HIBE X Tr, Tf=5~10ps £ HEZ 65N5DT

Cs & Rso minimum {LICEHZE LA 7Y FRE2EE 2. A4 v E—F Y

A DREEL DWE ATMEFERRE E NLTLAGE%E 7 A4~ OBEOMER 18R T 2 &I,

NLTL 7 A Y IZHEFED B 7 A4 SEHMEEEEZEML £ L. £ NLTL 089 — U ERICH

7o T, BRI E NLTL NS5 H o 2 A 45 5 031 g 2 il IR 5 2 S8 % 8o L

oo 3. NA T ABRTFWEAXOYWR TSMC 71 % 2 Tl3 MiM E4f% v 5 3

MK %2 ¢ TRANS-L (HITACHIO. 18um) THW7: MOS %7 — b REDEEHLZ & LT Vns, Vps, Vnw, Vpw @ NLTL A E
IZMIM 2 w3, 2 &k b GND idf sk oMbz £ L. 2ofiy o 2 b —=25HliHT v 7EERE, FI48, L
> — NTEG 2. fHii BEoBENE T L, hd & FHEIE %2 EhEH 2 B THh 5.

ERETHAR - S AALIE, 9 AARM etV —JL @ Cadence #: Virtuoso, Synopsys £k Star-HSPICE, Cadence #k: Dracula LVS,
Cadence #t: Dracula DRC, Mentor#: Calibre ;3 YJ &% : 10,000 bLE, 100,000 K &#IES > 1 MOSIS-TSMC 0. 18um
25mm?  Fv 7R : TEG (ReMEsMiim g2 &)



1 9FEE2[EIMOSIS-TSMC CMOS 0.18umi{E

(MT18072)

YAV 7 +¥ 277V RFERRICAIFTZIEHE LNA - VCO - PA O 1{E
RRIEXFHREMRER AiE —BE, BHI, ) BE EEB & € EA,
FhEF FkE, &% —8k

RRIERFBEEIEMRA Rk L
BE : ARfEciE, Vavr 74 X295 70V RFREIBEOEBICHENT T, JAHHEARME S 108 25

(LNA) , IAHHSEERIHSAERE (VCO) , 9 =77 (PA) #3MEL %, =¥
ISR & v — R BEHIEIRR 2 s b b, LS A 1A LR %2 HBT 5 LNA % B
F L7, HMHRRTIZ2.2-6GHz I2B VT ANEE-10dB LT, 13dBU LofIEZ2FE L
e, F7, IEWEVCO OEMERDZDIC, A I 7 FETICT 2T 4 7HTEZE LY
GOREEWET 200N ZEMEL 7. AT PARFEORIERR & LT, &El/2 7Y
B - THME T2 HW E LT 2. 46GHZz 0 E Mktifs PA 2 3(E L 7=,
EREHHARE 1 ABLLE, 2 AHR FREHY—IL : Cadence fk Virtuoso, Cadence

Analog Artist, Mentor £k Calibre, Mentor #: CalibrexRC, Agilent$t ADS rZSYIXFZ# 1080 E, 100 A

MOSIS-TSMC 0. 18um 25mm?*  Fy 7#&5l : {5 (RF [, ATM % L)
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%1 9FEE4EMOSIS-TSMC CMOS 0.18umi{E
(MT18074)

LSI EiRE2E D / 1 XHE %

RRIEXRZHREMER ek =, IURh, & —&

BE 5 v 7HORBEFICER T 2 8REELE), 8L, Fv 7HONREIE IR
L, Ry r—=o27) v FEREBEL TREINS ) 4 A2 ER2NCEHET 57200/ 4 X
I & 7 BRI 2 R L 72, SHE D S R B 2 T3 2 2 &, RIsEfEDRBICKET 5
JARZFHETE 2. Fv 7WNHOBEREELFICHL T, Avvra—72HeTaE
VE—FETA 7 7LV NE— FORITRME S B ME2 AR L . JER#K e E)
Ric 5 2 2382l LoD, EREEOLE % EMEICHIETE 3. 7, LT v 7
WIBOEREZEG &, 7Y v PG ET vy 7AFIcEWTBllI N 2 EELH 2 i L, /
A REIEERFH AL T 5.

ERETHAR 1 0.5 AHDIE, T AHAI 5EHY—IL : Synopsys # DesignCompiler, Sy-
nopsys #: Astro, Cadence %k Virtuoso, Synopsys fk: Star-HSPICE, Mentor %k Cali-
bre, Mentor #k CalibrexRC ~Z>YIXF#: 1,000 L 1, 10,000 K FHIEZ > : MOSIS-TSMC 0. 18um dmm?® Fy FER :
TEG (RetkRTAfIE 24 &)



ERL 195 ESE 1 EINEC Bipolar 0.6umit{E
(NECO7)

ZUrP>7+aAvINL—%7

BRAEMEKRERAFES IRILF —IERB[E AR S mE, HY Eff
BEIRLF—ILRFAREEARTE BEX

BE K75 A YDPMT (74 b~ VF 7747 —F2—7) ®, HPD ("4 7V v F7 ¢
FFEATFIY) D, I 7 Lol hERIEL, B5oaEEaY y 2T
374 LAV T A IRAOFy ITH D, BRI, TV TSk av L=y L
el L 2 oTwd. 7V 7y TR OEREEZEHICT, 74 ey — 0@

N % BEICT10KV/A DF A v TEH L, REOERFEM 7 > 7 TIEOELET A ~ %215

. av AL =L, ZENEIBEAIA T —FICERLZERE LT, hiEx
Svd 747K, A—Fvavryof@rHELL. 7V Ty TEHAY, av L

— I EDEEEAN AL 7 AL, 2L —FIICB L TIE, B RAF U SRR S P RE
EL7. 2B, 7V 7y 7B, IERWEBEANICHIGT 270 7y a7 Ve L
SRSTEART : 0.1 AHLLE, 0.5 AHARI 3&5HY—JL : Cadence #l: Virtuoso, Cadence #: Analog Artist cSY I X% : 10 M
L, 100k |5 > : NECBipolar 0. 6pum 2. 0mm 4 Fv 715l : TEG (ReM:SHmm E 2 &)

8chIiVZUrP>7

REMRKRERAESIRILF—INERFRZHTR FIE RE, Hh Ef

BIRILF—ILEFAFREBAETE BEX

BE RO PMT (74 b= VF 7747 F2—7) iiflbd Loy —LLT, 74+~
VNFTIATFa—=TDFAL /) —Ficksd, “RETHGRZLES (PN oy 44

—F) TEE#Z/, HPD INA 7V Y F7 45 bTa 727 %) BEFEINTED, v L F

Fr v R EEZEOLOLEMLEINT VS, L Lkds, HPD 3 —fRIcitko

PMT LR L T, A Y I2HHIE EfR W72, 2D F T PMTOESHZ ZX5121%, 7Y

Ty 7TONMBRIELE R L. KF vy 7%, LEOHWTHRIELZ2VFF 2LV HPDD

TV7 7 THD. SOASICO 7Y 7 v T IHMEMETH 208D Y, 7V 7 v T ANEB

DT VPAZIFR=ZEP (rbb” ) 2T 2dIBEEED 7> 2 22 %5t

LCH5. £779) 7> 7HHRIE, EARBEANICHIET 27207y 27 Ve LTH

5. Fr v 2ABIE8THED, KDL F Y RVDOHPDICHIETESL L) I, IC Ry r —YNTF v 72 AT —Fizoiifoin
259%PADLAT7Y MIZLTHS. MO NAL 7 AERIINE» S 8F v v 2N Tay b e — VAR L L 7.

ERSTHART : 0.1 AHDLE, 0.5 AR |5HY—JL : Cadence #: Verilog-XL, Cadence #: Virtuoso, Cadence #k: Dracula
LVS, Cadencefl DraculaDRC kS IZ7#: 1000 L, 10045 FHIEF > - NEC Bipolar 0. 6um 2. 0mm f  Fv 7%l : 7
F 7 PR

SEINIVAT VT

BLIRIF—IRGFAFEIEERN TR AR A0 %, B 75—, HP &
BIRILF—IRRAREEATE RN F R FRARR RE X

BE: ZNEFEE L TED RVE —NESB T IERERG O B e ERE c o X Mk A
APD Ot A M L E L TOMBE TR, 4 ZEH VA7) 7 7 TF. [KHEE, &
JARICT 2707V 7y 7I3ES AL, YIBRE 2BREAOBICE—L - ¥r - ¥ ¥
YL =y arvEANTHIEIT>Tw5. SBEIETZLE L THINAL 7 AZHERL, ¥4
FIv LY YERECWMBIOICERRT V7L LT FA VRS LD HIINA T
ZADBELRHNTH 5. FERE LT, BIERIZ 100 f5AHET, £ V0L 2 ISk 2 IR B
EZ2~4nSBHESNTV S, ICICIHEANERE LA DO 2EEHAAETNTED,
FEREEBDOEIC X 2RO ZEDHIHIE 2 X H 12> T w5,

ERETHAR : 0.1 AHLLE, 0.5 AHEM 5EHY—JL : Cadence k Virtuoso, Cadence
Dracula LVS, Cadence#t DraculaDRC ~ZYYZR&#: 1080 L, 100K #H¥EZ > : NEC Bipolar 0. 6um 2.0mm ff  F v
ZiER : 7+ 12 (PLL, A-D/DC-DC a v N—% % &)
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DR EIN e W IR

BEIVNKL—59—

BLIRIF—INERGFAFEEERN TR FIARAR A0 #%, B 75—, HP &

BIRILF—IRRAFTEEBAEER RE X

BE S L X — 325 - R FERE i SN 2 SO R EI B BB 2 R 2 v %

L= —Ths. ZNEEEBNMEBOBMEEEN LIEEEELZ LIRICBIEE%

PECLL )L THAT 2L IICL72bD. FHZN6LI2 FEEASVRAT Y 796 D hES

2T, BEOHARMBICIERET 25D ICTH 5. iKEHAEETH 5 A BT IZ

BmVro2VEEETEL, IBEREIZInSHUTZ2EZTWwS. MKIZIROEE? V7

ELVRNVZEHAREE D SR> TE D 74 SV IHREZELHL T, ¥ VATV TIZ 5 YR8

PHFal—varehy bA7REICESBROEICAAL TRAZRDTHS. LIVEH

TWIEEBRAAL v FEZI VY - 74BI26K->TED, HHL)VIGEHEREZ EHL

Reduced Swing PECL L X)L & L 7=.

SRETHARD 1 0.1 AABLE, 0.5 AFRNE 8&5HY—JL @ Cadence #t Virtuoso, Cadence #: Dracula LVS, Cadence #t: Dracula
DRC rZYYZR&Z# 100 L, 10045 4> > : NECBipolar 0. 6pm 2.0omm f4 Fw 7#&#l : 7+ v~ (PLL, A-D/DC-
DCay =%k k)
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3.1

VDEC 13 Pl 8 FEEICHE R L7z, BRI HAEHEE S
HERBE 1B LI NS LM TH 57285, P9 4
BICEHERE2AEHBEE L AavESh, 512
EEORFEL WL HICT 5 HNTHEREDNPS 2% H
MELT2HDHEEZIIRET S [RBZEEHRE CEK
16 SEEE D DR E VRSB NIC G o 722 LIt BT
JERMEL %25, ) | WA — b L7z T2, EERLW
NEATH 720, ZREIVB 1 HBIPN TS

VDEC #i%
ERE =

VDEC (3878, SE#E 104, FEHERX 14, £
HB2#0EE#HELTWLY, MIZdE < 0Bz
AL INTWD, HHIT LR SEET L O
ARMpIc kY EgEOEL 2 EFEFHF—2 L L, T5%
MR FEREhoTIEEZT T D, HE - 05
BClk, FNOWMNHE, FHomIER, 512
EEORPTRFOEME EFHEZEL CAD KT VT4
TEL L OMHNEDFICL>TEHZOLNTNS

g E

i’ E XK F

T 9-10FE

RibRZE, #EEIAF

T 1112 FE

ERKE, LBEKRFE

Tk 13 FE

TERY, RRIFEKRF

TR 14 FE

TEXRY, RRIEKRY, THKF

Trk 16 F£E

REKRFE, AMNKE

TRk 16 F£E

KIRKZE, AMKEFE

Tk 17 £E

EFHEKXE, KBRKAF

FrE 18 FE

tBERY, BHEXF

i 19 FE

tmEkF

3.2 AEHS

VDEC A%

tyy-RedE & O WOF W

# Z OB om &8 %

%= H i M OM O K CPR19%4H05)
e #H o i W ik

e B O® owm H H

TFEMEHRZ % & fie CPRE 19 44 Harb)
wRA#EHE N B I CPRC19 4R 11 A 5)

% B #H %  Gershwin Fey CEH 1948 12 AR 5)

1 W #
] R = I
] HBoOoOR AR W CPR204E4 Harb)
#RMER & % K & CPR204E3HET)
ES £ F gk & 2

MR R OB AR E W CPRIETANS)

HEMMRELE & H AL CPRI19EIHET)
b B R % H T
(CRECREAT R A B2 B JE R R e )
[ =
CRER A TR TR E 1 T )
[ *
(AR R RS AR B B R
= W FH M
CRRURZ: T RBFJERHE S T B8R
ro ™ 1t
(AR AR A B B )
froop 7

(ROUR S T2 A JE R A S T4 Gl )
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FED SRS

" &

R 19 4E (2007 4E) 7 A 16 HAFVF THRERF Kb
PTAEIBRI SR A R R R R N e . (LA
R OHEBIRICEEW LT L. BEZRASET
HE 3 &, AITPE3HE (1991 4) IR
TR AR 2 AR, PR S AE (1993 4F) 15t (W
MTH%HY) 2B T7HLE LA FRSE (1993 48)
M OWEESET 2 T 144EMIZ, HEICTNAND
77 vaXE) OMEREICHEDY L2 20,
Pk 15 48 (2003 4E) I2IE A 7 ¥ 7 4 — PRI TR
251 (MBA), R 18 4F (2006 4F) ITIZHTRET
FRPFERHC Camscitil: (B L¥HE) oFfixHE
F L7

WETIE, AFNTHIEVWHLVWT NS, ATH-
72NAND # 7 J v ¥ 2 A ) OB 5805,
SBHEE, THONE BF, =T 4 v LRk At
FLTCEXFE L WA F v —D X9 b A
TiioTwiz7ua vz M, BUAERHEED 2 Hbi 38k
100 A, 7¢. 15 TRMBEICE THRET 288 T, Sk
WERAETHIENTE, RFEICBIHMH L LTIEK
B 57 L o TBY £3. Rk OBAERIZRE A

R RO EE ICHED > TEB D F L7225, TEED D
—EANEEY Y FL, HrLHE#MEZXar s BT
Ve B oTnzE A, RKERICTFY Y A% TH
EF L LZLLREHLTBYET

—77, B ClE PR ASE R I BIE R & i
HAEAZTBYET. BIZITRLRDO 7Ty a2 xEY
340+ A — MV ETHMLE N, AEYVEFICER
B TEIHI0ME TP LT ET. 5EHZITIF10
F I A= P A AT, BFRIEIBEELXVIZRD, »
W& A =7 OBHNCH - 72 L AT B 72 BRI % 0
2ET. 20—, WIKEHRREOBA,S S, HEHH
BoEERL, EEEEDLE v ol 2l i bk
BHEETT. ZOLI)BRELFEVH LT, Bk
B2 2 T B RS, MIEHEICE > TIEKRE
BFXY Y AEMOTHDERVWET. HEOKETIE,
SREA AR - BEVEAR - AR &, BRR - PEICR
ELERPTEVETOT, HFLTIFKRLb—varlL
BHD, F LEEREAN OBIE I 25 HBL L T
WEWEEZEZTED T,

THT Iy 7B TORBBTENERADOT, £5
BVRPE 455 EALETA, THE - TR
Fbhl, MEFGLIBEVHAL RLTFET



I B
2007411 HE D, 7 KNy 52 b D2T SRz
M o% Bl (2008 45 4 H X 0 TS & LT

FEHLE L7 2001 4E 4 H2*5 VDEC BT, Bi#
ELTCHEICCAD DY R — b ZHIEEH L TE W

Vvl S

GAED 3 FICHERE L AR R B LA R ot
TR EZBTL, 4 HX V% E LTVDEC BN
BTCHLZEIZARD F LB ARLEHLEY. VDEC
TO¥HKEL L TR, CAD YV —LVOFMHR LY s
TV el TBY EY. TNET, WFRIGE
Z@LT, VDECOCAD Y —=NVEFHLZY I F—
ML) LE LD, 5%IEVDECDORAY v 7L
LTCAD V— V% ZHMIC R 2 EHO BRI TS X
IBHLTEND2nwEBoTEY 9. LA T,

BRED SR
=E EE

ZEIZEHEE LTFEICEIF—RFFAF—T+—F
LKL F LA MERPLOIREE L CIIRELD
TEHEOH LWEHI o5 E I L TCh EMcEIE L

REEOD & R4y
B B

104EMAYHIEZKFEVDEC DAY v 72 ¥ 88T
THX, 20084E5 AH S, REOFEFICL > TIREKT 2

DFE LA, 2007410 Ho7 Foxv 5 A - D2T 2k
WFZEEBM ORI, “F%EE, “CAD” 7213 Th<{ “7F
AN AZOWVT O - BEHEEHZIToTWnEnweE
ATBVET. SbIhFClcsl &k, ENICBT
% LSIIZE - HED S OB LICHMTE 2 L)%
HLTEFNY FTOT, LALLBHOWZLET.

B OMIGED T, VLSI O#%aHHEL - 5154,
FAZ IALEEEHC BV 2 TR 2 S PEARRE O BFJE % 47 -
TEwY FL SBRLBHIERONEEOTu Y = 7
MIBINL T, Stk — v omFER % 2 5t 5 &
EHIZ, TNFTOMEEZ VLT, VLSI #i&EhoF v
TTFNY TRER Y AT LN, F 1Y =~ CAD Hiffr
ISH 7 EIZOWTIE R T o TW PRETT. £
R RnELHY), BB bbb
HFLET2, HiREEDS 22T EFEnTy. &
AL BHVELET.

BOBPRVWESETHE T L HECED2TORI
EDFLT, VDECOMFAZMBLTEL DI L &EKER
L, BERIENTELODIREFEHRTH 2L FEL
TEYFET. SHBIMERB LB ROER TH&
WAV TET L) EEHIFETTOTEA L BV Wz
LET.

Ll FELZ. VDECO¥EKEZHKR—FLEDH,
BESBRLOZ L2720, REAVESELE Y. 4
RO ERDP SO ZTHE, VDEC O H 7% % 58k % 1
FLTHBET. HLLSBEVELIT.




F 19 FERABRERY AT LARHHERAR LY Y —BEZERETELE
PR

E % B

% H B B | AREERY T LREHEME L2 —R

MA F— B  IFRMERE

% H B | KFEFRHRSAIRFIEMER 2z

R H B — | XERFEREIZRMER R

h 5 = B ERTEEGMRtC 42— #R

Ol R B | RREREREAEES 2 - #R

B K & — | KERIFZRER 2R

B 5 R | KRFERMBEHAIRFARER R

B H B8 B | AREEREIIXTLRSHEMRt 44— S
t H | KIRREED A7 LAREHHEMR 2 — HEHUR
B = B | KHEERY X7 LAREHHEMR > 2 — HEHR

T 19 FERRRERY A7 LARHBERARE Y —2EEERESEERE

K # P =

% H B B | ERAFAREERED X7 LEHEERR 24— ¥ (€2 42-F)

B H B8 B  ERAFAREEED X7 LEHHEMR 24— HE

m A £ | REAREGHHNERMTAR L 2 —EHRMES 7L R

% H B | RRAFRFRAELAR AN ARERIERAER B

B A & —  EERAFAERIFZFRAEHMEFIFER IR

=2 XK E — | tBEBEXFAFRERHUEMRH R

X B & fh | RAKREREMERMARAE L 2 - BEHUR

B B B | RRIZEAFAFREIFMRRMERED X7 LB H%

il F B £ | ERAAFEIFANR R

o H T | @SRKFAFRERMAAER B

B K B B | ZHERFAFREHHVAMERERS 27 LFER HiR

INF FHF R FHRERFRERAMERLREFRY A7 LEFH B

B 0O ff = | KERAFAERIFHRHMESSFERIFETN S

& H B | LEXFRFRAGENERAMEMFLEFERBFIETR B
210 2 H B A | AMNKEAERD T LEREMERISEBRIZHM 58

W A E £ | IeEAFEIFHEFERTY 8 HE

R B Bl | RREMAFETIFHEIETFIERIEN 2R

EH T L | ErCHE2AFEIPBETIFHR T

T A B | HFAEAERIEZMARHERANEZEN R
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1. BEEEXMN®

® & £ L
LY 14 =1 212,456,000
A [ & 77,095,707

2. ¥ 19 FERFHAEMEIE

FRAxRE i ® =& B ' % £ (FH)
o H O SI3NFEENREEELASEENREL AT MERK HEBHR (C) 1,400
\ | TTUS—Yar  BERERENAIFECE RN Y X |
I i > LS|t EE EZFHE (B) 1,400
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Lithography Friendly Design

K. Asada, M. Ikeda, T. lizuka, K. Kurihara,
H.D.M. Pham, D.G. Lan

In the recent LSI technology, optical lithography
cannot keep fidelity between drawn mask pattern and
exposed one due to optical proximity effect. Therefore,
designers should consider this factor. In this study,
we estimated equivalent gate length from an exposed
pattern and calculate leakage current. Then, we evalu-
ated cells and selected the best layout. Meanwhile, the
recent lithography process will have severe sensitiv-
ity of exposure and defocus. Therefore, we modeled
yield of layouts considering these process variations
and evaluated the comprehensive generated cell lay-
outs. We also improved yield by modification of layout
around detected catastrophic defect positions. We also
studied shot reduction techniques taking account of
dummy pattern insertion and wire-end treatment with
timing constraints for mask-less electron beam direct

writing to enhance throughput.
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A Testing method for SoC

K. Asada, M. Ikeda, T. Nakura, R. Zheng,

D. Nakamura

The objective of this research is to construct a plat-
form which enables an intuitive operation of LSI test
by using web interface. In the platform, a small CPU,
a network interface, a wireless interface, bus interface
compliant with OCP and etc. are implemented on a
board. User of the platform can test their own chip via a
Web browser program We developed the on-chip CPU
and network interface, and verified performance by
using re-configurable hardware. The program, written
in the assembler, was verified by a prototype of the plat-

form. We also developed the wireless interface.
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System on Glass Panels

K.Asada, M.Ikeda, J Kim, K.Ikai

For presenting integrated systems on Glass, we
constructed the design environments of TFT on the
PMELA crystal and made a wireless communication
system by using it. PMELA is possible to grow uniform
and large Si grains laterally over a large area, and the
transistors formed on these active areas on the area are
high-performance. On the base of this design rule, we
made transistor models, automatic P&R environments,
doing layouts and simulations. Because this process
has a lot of substrate voltage variation, we almost used
digital circuits for overcoming it. Now, we realized this
formula on the Glass and measured performances of

analog parts and digital parts.
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Low noise non-pipeline microprocessor

design using DCVSL

K.Asada, M.Ikeda, R.Zheng, S. Suzuki, T. Sogabe,
M. Jeong

A self-timed processor with completion detection
using dual rail logic detects completion of evaluation
by using redundancy of dual rail logic which delivers
a signal with two rails. So variations of delays that are
becoming more serious as circuits shrink and voltage
lowers don't cause any errors in a self-timed proces-
sor. The processor can detect a reversal of a signal
path caused by power/ground noise of a cosmic ray,
so it can retry the instruction. To compare tolerance to
power noise, a static CMOS circuit and a DCVSL circuit
with noise sources are designed. We introduced paral-
lel routing technique of two wires of dual-rail signals for

automatic P&R tools to reduce electromagnetic noise.
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Self-synchronous serial communication
K. Asada, M. Ikeda, M. Sasaki

We have developed a prototype interface circuit
including a Transmitter, a Receiver, a Pseudo-Random
Binary Sequence (PRBS) Generator, a PRBS error
checker, a Voltage Controlled Oscillator (VCO), a
Serializer/Deserializer (SERDES) circuit, and a Low
Voltage Signaling interface for low EMI intra-chip or
inter-chip 3-phase 3-wire serial communication using
STARC 90nm process. This interface adopted the
GALS (Globally Asynchronous Locally Synchronous)
method. Since the 3-phase 3-wire transmission scheme
is a self-synchronous transmission method, transmitted
data include synchronous clocks at each bit. Therefore,
a CDR (Clock and Data Recovery) circuit becomes
unnecessary, and this scheme is suitable for high-speed
transmission because of its wide design margin. To
implement this interface as an alternative to a parallel
one, we design a word synchronous method. To main-
tain signal integrity, we also design a new FFE (Feed
Forward Equalizer) and DFE (Decision Feedback

Equalizer).
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Active Substrate Noise Canceller

K. Asada, M. Ikeda, T. Nakura, J. Kim

As the process technology advances, the power
supply voltage gets lower, resulting in degradation of
the noise immunity of analog circuits. Substrate noise
becomes one of the measure concerns for SoC design.
We have proposed an active substrate noise cancelling
technique which injects anti-phase signals against the
substrate noise into the guard ring. Since the dominant
component of the substrate noise is its CLK frequency,
the injection signals can be synchronized to the CLK.
Also, in order to estimate the substrate noise from a
layout data before real fabrication of chips, we have
developed an EDA tool that analyzes substrate noise
distribution along a chip. The EDA tool also analyzes an
aggressor strength distributions at a specified point on

a layout data.
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High-Performance 3-D Range Finding System
K. Asada, M. Ikeda, Y. Yachide, U.H. Kim

We proposed a camera and projector calibration
method based on the light section method using
spheres for high-performance multiple vision system.
The proposed calibration method fits the scanning data
based on the light-section method to the shapes of each
sphere. The calibration cost increase according to the
used number of the corresponding points. In the cali-
bration method, the many calibration points are easily
obtained by measuring spheres, which contributes to
prevent the calibration cost. And also, the proposed
method calibrates the 3-D space flexibility to the mea-
surement range and environment. We also calibrate the
translation and rotation parameters utilizing the sphere
center positions from multiple viewpoints in case of
the extension of multiple-viewpoint calibration. We
achieved the high-accuracy result of the average error
of 1.9 mm at the measurement distance of 700mm by
calibrating around the distance of 700 - 1000 mm.
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K. Asada, M. Ikeda, Y.K. Kim, T. Monma,
B. Caner, Y. Ohtsuka, K. Kim, S. Mandai

We re-arranged the dielectric multi-layer for a color
image sensor without color filter array. We have pro-
posed a new device based on MAGFET having an
on-chip coil for a high-accuracy time-of-flight range
finding system, also. Furthermore we have proposed
a novel system with control automation of integration
time and a bias voltage for wide dynamic range. We
have shown a light diffraction and a light polarization
using a scaled metal pattern on a chip in the latest
process technology. We have proposed a new ambient
light suppression method for wide dynamic range. In
3-dimensional measure field, we proposed a new pixel

array which have skewed pixel array for high accuracy.

Furthermore, dual imager core on one chip is designed
and it is used for a range finding system based on light
section method. This Imager can get range map by two
methods of high speed and high accurate 3-D captur-

ing.
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Automatic protocol transducer synthesis
Masahiro FUJITA, Satoshi KOMATSU,
Yuji ISHIKAWA

To improve design productivity by IP-reuse, func-
tion blocks having incompatible protocols should be
connected easily. Protocols for system LSI design have
advanced features such as nonblocking transaction and
burst transaction, which makes both design and veri-
fication of interface circuits more difficult. Therefore,
existing automatic protocol transducer synthesis meth-
ods cannot support practical protocols. Our method
divides specifications of target protocols into smaller
units called sequences. Our method synthesizes par-
tial transducers from the sequences and then unifies
the partial transducers into the whole transducer.
Synthesized transducers consist of several FSMs to
translate control flows and buffers to synchronize
behavior of FSMs. By selecting a suitable architecture
of a transducer for target protocols, we can automati-
cally synthesize complicated practical protocols such
as OCP, AXI, etc. Along with improvements on the syn-
thesis method, we also proposed a framework to verify

functionality of the synthesized transducers.
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Performance improvement using hardware/
software collaborative execution

Masahiro FUJITA, Satoshi KOMATSU,

Hiroaki YOSHIDA, Satoshi MORISHITA

Software/Hardware collaborative systems can speed-
up the execution of a system compared to the execu-
tion only by software. In this research, we proposed
a method to speed-up a semi-formal bounded model
checking method based on compiled simulation, by
optimizing the procedures and implementing as soft-
ware/hardware collaborative system. First, the proce-
dures of binary decision diagram have been optimized
for the model checking method. Then, we have decided
to implement logic circuit simulation and skip cube

computation in hardware, since they could be executed
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concurrently. To speed-up the entire system, the com-
munication cost between software and hardware should
be reduced. In the proposed system, it was achieved by
introducing speculative execution. The implemented
system performs seven times faster than the software

implementation.
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High-level design automation and optimization

Masahiro FUJITA, Satoshi KOMATSU, Hiroaki
YOSHIDA, Shanghua GAO,
Ratna KRISHNAMOORTHY

As the VLSI technology advances, it has been becom-
ing essential to account for physical effects which have
been ignored. The impact of interconnect on perfor-
mance has been becoming dominant, hence a number
of studies have already been proposed for interconnect-
aware logic synthesis. We proposed a high-level synthe-
sis method considering the interconnect effect, particu-
larly a pipeline synthesis method. Dynamically recon-
figurable processors (DRPs) can achieve high flexibil-
ity, high performance and low power simultaneously.
However, designing applications for DRPs requires
considerable manual effort and is hence a challenging
problem. We have been developing a compiler frame-
work for DRPs and also conducting a research on the
automation of typical optimization techniques which are

currently performed manually.
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High-level design methodology considering
reuse and verification of SoC
Masahiro FUJITA, Satoshi KOMATSU,
Hiroaki YOSHIDA, Takeshi MATSUMOTO,
Yoshihisa KOJIMA, Tasuku NISHIHARA,
Yuji ISHIKAWA, Yeonbok LEE

The development process of SoC is getting harder
due to the rising complexity and time-to-market pres-
sure. Especially, misunderstanding of specifications
due to the varied writing styles and gaps between speci-
fication and design decrease the design productivity.
UML is drawing a lot of notice as one of the most well-
chosen description methods to address that problem.

In this research, we proposed a design methodology,
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which connects the gap between the requirement
statements and the actual design description. All mod-
els generated in the process are to be described and
recorded in the proposed format consisting of UML
and XML (eXtensible Meta Language). Therefore, we
can reuse pre-designed models easily. Furthermore, we
are working to generate a complete set of properties
from UML models for functional verification. To evalu-
ate the proposed design flow, we are designing a digital

camera along the flow.
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Formal verification of designs
Masahiro FUJITA, Satoshi KOMATSU,
Thanyapat SAKUNKONCHAK, Bijan ALIZADEH,
Yoshihisa KOJIMA, Takeshi MATSUMOTO,
Tasuku NISHIHARA, Daisuke ANDO, Fei GAO

As system LSIs become larger and more compli-
cated, design verification also becomes more impor-
tant. Especially, formal methods attract much attention
since they can achieve exhaustive verification without
test patterns. In this work, we have developed a formal
equivalence checker for C-based high-level descrip-
tions. The equivalence checker transforms given
C-based behavior-level or RTL design descriptions into
Extended System Dependence Graphs, then verifies
the equivalence by performing difference extraction,
sequentialization, symbolic simulation referring to the
graphs. It can verify some practical designs such as
an inverse discrete cosine transform and an elevator
controller. In addition, we are working on generating
a complete set of properties of a given RTL design,
which covers all state transitions reachable from the

initial states.
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Analysis methods for understanding and
debugging designs

Masahiro FUJITA, Satoshi KOMATSU,
Takeshi MATSUMOTO, Yoshihisa KOJIMA,
Tasuku NISHIHARA, Daisuke ANDO, Jinmei XU

The design size of system LSIs or SoCs is increas-
ing year by year as the advance of the technology of
semiconductor manufacturing. This fact results in that
debugging and understanding large designs are becom-
ing more difficult. In this work, we have proposed sev-
eral analysis methods to support design understanding
and debugging. Worse-case performance estimation
can provide an important aspect of a design to decide
hardware/software partitioning. Our proposed method
can handle large designs by analyzing them after
divided into smaller portions. To support design debug-
ging, we have proposed a method to detect common
design errors such as deadlocks or race conditions and
a method to simulate designs with both symbolic and
concrete values. These methods can be very useful to
analyze the cause of bugs when a given design is very
large. In addition, we are working on a method to guess
the equivalence that must be satisfied in a design. This
can be used to specify the complicated equivalence in

equivalence checking.
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Application of design analysis techniques to
systems biology
Masahiro FUJITA, Satoshi KOMATSU,
Yoshihisa KOJIMA, Takeshi MATSUMOTO,
Tasuku NISHIHARA, Yeonbok LEE

Recent rapid growth of biology has clarified various
fundamental rules of bio-chemical systems, and now
such systems can be simulated by computers. Such
simulations are safer, consumes lower cost, and has
higher observability than actual experiments, so that
there are many proposals about applications to medical
treatments and analyses of reactions which cannot be
observed from the outside. However, since the com-
putation amounts of those simulations are huge, it is
difficult to simulate complex reaction systems or reac-
tions which takes large number of simulation cycles on
software. Therefore, in this research, we are going to

implement such bio-chemical simulations on hardware
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(with reconfigurable blocks, such as FPGA). We have
investigated practical bio-chemical reaction system
examples, modeling methods, existing software simu-
lation methods, and their hardware implementations.
Existing bio-chemical models can be classified into two
types, such as stochastic approaches and differential
equation models, and they are executed with Monte
Carlo simulation approaches. Existing hardware imple-
mentations directly execute those simulations. The
main research issues are parallelization, pipelining, and

fast floating point operation execution.
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Evaluation of high-level design environment

for space electronic systems

Masahiro FUJITA, Satoshi KOMATSU,
Takeshi MATSUMOTO, Yuji ISHIKAWA, Fei GAO,
Jinmei XU, Satoshi MORISHITA

Recently, electronic systems for space have higher
functions. To design reliable systems for space effi-
ciently, high-level design and formal verification
come to be considered. In this work, we have evalu-
ated new SpecC-based high-level design/verification
tools for space electronic systems. In the evaluation
of the design tool, we designed 3DES (Triple Data
Encryption Standard) with a processer and an archi-
tecture that were used in electronic systems for space,
and confirmed that design refinement and simulation
could be carried out with the tool. In the evaluation of
the formal equivalence checker, we prepared a number
of test cases to cover all syntax elements of SpecC, and
detected many bugs through testing. To support to
start using the high-level design environment, we creat-
ed tutorials of the tools for designers who are working
for electronic systems for space and not familiar with

high-level design.
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Circuits Technologies for Large Area
Electronics with Organic FETs

Makoto Takamiya

(Collaborative research with Prof. Takayasu Sakurai

and Prof. Takao Someya)

Large area electronics is a new frontier in electronics
where intelligent electronic devices are distributed on a
flexible square, 10 cm to 10 m on a side, for the human
interface and the comfortable daily life. Flexible
and low-cost organic FETs (OFETSs) are suitable for
large-area electronics and have great potential as a
supplement of solid and expensive silicon MOSFETs.
Compared with the silicon MOSFETSs, however, the
operation speed of OFETs is slow (us ~ ms) and the
device lifetime of OFETs is short (days ~ months),
because fabrication technologies for OFETs are not yet
mature. We have developed circuits technologies to
help the slow and unreliable OFETs and demonstrated
a wireless power transmission sheet where plastic
MEMS switches and OFETs are integrated. The cir-
cuit technologies for the wireless power transmission
sheet to reduce the cost and to enhance the reliability
were developed, which will be essential for future large-

area electronics made with OFETs.
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Right-Brain-Computing Integrated Circuits:

Associative Processing Systems

T. Shibata, Trong Tu Bui, Ma Yitao,
Kang Kyunghee

Digital computers are dedicated machines for vary
fast execution of numerical calculations. However, their
performance is extremely poor in such tasks like see-
ing, recognizing, and taking immediate actions, which
are effortless tasks in our daily life. This research aims
at building intelligent VLSI systems based on the psy-
chological model of a brain. In our system past experi-
ence is stored as template vectors in non-volatile vast
memories and the maximume-likelihood event to the
current event is recalled in real time by a fully paral-
lel proc-essing. The key ingredient of the system is a
new functional device called “Neuron MOS Transistor”
(neuMOS or v MOS) which mimics the action of a
nerve cell neuron at a single transistor level. Based on
such architecture that "association" is the very comput-
ing primitive, we are pursuing human-like intelligence
system implementation directly in silicon integrated
circuits. Currently research is in progress for robust
image recognition and voice recognition processing.
The sate-of-the-art silicon technology has been utilized
to implement such associative processors in both ana-
log and digital CMOS VLSI chips. As a practical applica-
tion of the circuit technology de-veloped for the associa-
tive processor chips, CDMA matched filter chips have

also been developed.
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A Robust Feature-Vector Generation VLSI's
and their Application to Handwriting Pattern
Recognition and Medical X-ray Analysis

T. Shibata, Robert Grou, Zhu Hongho, N. Takahashi,
S. Morikawa, Chen Jun, T. Kanamori,

Nguyen Thanh Liem, T. Nakagawa, T. Miyoshi,
Sun Zhuoli

Since image data are massive in quantity, an effective
dimensionality reduction technique is quite essential
in recognition problems. The maximum-likelihood
search VLSI chips we are developing accept image data
in the form of a vector. Therefore we need to generate
a feature vector, well representing the characteristic
features of the original image. In the representation,
human perception of similarity among images must
be preserved in the vector space. A robust image
representation technique for recognition has been
developed based on a hardware intensive algorithm.
An input image either in a binary or grayscale format
is subjected to adaptive spatial filter-ing to generate
feature maps, which are reduced to a 64-dimension vec-
tor by "Projected Principal-Edge Distribu-tion (PPED)"
algorithm. The representation has been applied to
handwriting pattern recognition and the cepha-lometric
landmark identification (the clinical practice in ortho-
dontics in dentistry), to investigate the performance.
Interestingly, in hand written pattern recognition, it is
shown the separation of handwritten overlapping pat-
terns has been successfully carried out based on the
representation, although it is a difficult problem in
artificial intel-ligence. Using a simple template match-
ing technique, identification of Sella (pituritary grand),
Nasion, and Orbi-tale has been successfully carried out.
Since the vector formation processing is computation-
ally very expensive, dedicated VLSI chips have been
developed both in digital CMOS technology and analog
CMOS technology.
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Real-Time Moving Image Processing VLSI
Systems
T. Shibata, Y. Niki, K. Fujita, Ma Wenjing, Y. Okano,
Y. Fukuoka, K. Yoshii, Bao Ruihan

Aiming at real time processing of moving images, a
saliency catcher chip that detects objects in motion in
non-stationary complicated background sceneries has
been developed. Due to the new quasi-two dimensional
processing algorithm we have developed, the chip
contains the processing circuit only at the peripher-
ies of the photo sensor array. As a result, a very large
fill factor has been obtained in each pixel processor.
Furthermore, a VLSI system that extracts three-dimen-
sional information from the object of interest has been
also developed. Since charge redistribution among mul-
tiple capacitors are utilized for computation, it enables
us to build very low-power systems. In these two VLSI
systems, neuron MOS technology has been utilized in

realizing flexible hardware processing.
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Robust Face-Detection and Face-

Identification Systems Using Directional-

Edge-Based Image Feature Representations
T. Shibata, D. Moriya

Face localization and identification of individuals by
facial images are important issues in the development
of new generation human-computer interfaces. There
have been many approaches such as skin color detec-
tion and using neural networks. They have, however,
many problems such as high sensitivity to photograph
exposure conditions, and existence of "false negatives'.
The objective in our approach is to try to minimize the
number of "false negatives", even it might increase
the number of "false positives". Our algorithm can
detect non-face im-ages that are very similar to faces.
A preliminary research is done by extending our edge-
based vector image representation method (PPED).
Besides the PPED-based detection method, two other
new vector representations, which are complementary

to PPED, have been developed. Using the multiple clue
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method with these three rep-resentations, a very robust
performance in face detection has been achieved. We
also developed a face identifica-tion system in which a
face image is treated as a two dimensional sequence
of partial images also represented by directional edge-
based vectors, thus showing a robust identification per-

formance under a variety of illumination conditions.
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Moving Image Recognition System

T. Shibata, H. Hayakawa, Hao Jia, Kim Sihwan,
M. Nishiyama

So far we have shown directional edge information
plays an essential role in a variety of still image recogni-
tion applications. In this project, we are developing
moving image recognition systems also utilizing direc-
tional edge information. In the human brain, it is known
that edges of various orientations are firstly extracted
from retinal images and then being processed through
separate pass ways for motion recognition and object
shape recognition. We have followed such a biologi-
cal principle. As an example, we have developed an
object tracking system utilizing the edge information to
represent the object appearance. Our system shows a
very robust track-ing performance for an object moving
under variety of disturbing conditions such as changing
illumination, con-fusing busy background, object shape
transformation, changing speed, partial occlusion etc. A
robust ego-motion perception algorithm has also been
developed based on the edge information. In order
to understand the gesture of a person form motion
pictures, a vector representation of an instantaneous
motion has been developed. A temporal sequence of
such vectors is analyzed by Hidden Markov Models
(HMMs). For this purpose, a new HMM has been
developed which we call Self-Evaluating HMM.
With this new model, it is possible for a single Self-
Evaluating HMM to judge if an input sequence matches
to the model without referring to other models. Pre-
liminary experiments of simple gesture recognition

have confirmed the effectiveness of this approach.
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Early-vision processing systems
Y. Mita, Y. Nuno, T. Shibata

Intelligent image sensor array system is an integral
part in humanlike versatile systems. An image-sensor
integrated smart feature extraction VLSI is under inves-
tigation in this project. Distributed cellular architecture
is popular for these systems: a photodiode sensor and
some information processing circuits compose a unit
“cell” and the array of cells constitutes the system.
However, if the cellular architecture tries to physically
imitate living body, three-dimensional wiring is manda-
tory. However, VLSI wiring is 2-dimensional in nature
so that some architectural innovation to augment the
missing-one-dimension is necessary. We have proposed
architecture where: (1) photodiode is placed at the
intersection of 4 cell borders and (2) photodiode image
is first preprocess-ed at each connecting cells and only
the preprossed information is exchanged. By this
architecture, information up to next nearest neighbor
cell is collectable. A real-time demonstration using
0.35 um technologies VLSI is successful. Also, efficien-
cy of both 0.35 um bulk and 0.15 um SOI technology is

measured.
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LSI-MEMS integrated device by deep reactive
ion etching technology
Y. Mita, T. Sawamura, Y. Hamaguchi, Y. Imai, Kim
Jun Hyoung

Silicon deep nano-fabrication technology of struc-
tures having both electron-device-scale (10um downto
less than 1um) lateral resolution and MEMS-scale
(more than 40 um) depth, and application to electron
devices is developed. VDEC's EB writer performs
lithography and Deep RIE at Takeda Building per-
forms etching. Our top data is aspect ratio 1:107 for
trenches of 370nm. This is the record ten times deeper
as compared to ordinal submicron Deep-RIE technol-
ogy. Based on the technology, a couple of new-concept
devices are appearing such as: (1) a “vertical photo-
diode” that is made by thermal diffusion on the verti-
cal wall of Si Deep Reactive Ion Etching (DRIE) and
showed from 25 % to 80 % of photocurrent increase
and crosstalk suppression as com-pared to conventional

planar photodiode, (2) “Self-cut patterning method”
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that is a three-dimensional wiring technology by a
simple evaporation on profile-controlled 3-D structure
with an application of vertically-winded coils, and (3)
“Silicon on PDMS” devices that is made by an active-
layer transferring technology using 0.15um Fully-
Depleted Silicon on Insulator (FDSOI) LSI pasted on
silicone rubber (PDMS) or glass substrate and lost-

wafer etching.
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Ge Metal-Insulator-Semiconductor (MIS)
interface properties

S. Takagi, M. Takenaka, H. Matsubara, T. Sasada

One of the most critical issues on realizing high
performance Ge MISFETs is the formation of MIS
interfaces with high quality interface properties. We
have fabricated GeO2/Ge MOS interfaces by using
thermal oxidation. It is found from these capacitors
that the minimum values of the interface state density
are less than 10" cm? order and that the interface state
densities of the GeO2/Ge MOS capacitors on (100),
(110), (111) Ge substrates are almost same. Also, we
have proposed a temperature-dependent conductance
method in order to examine the energy distribution of
interface state densities. It is found that this method
allows us to evaluate the interface state density over
a wide range of the surface potential from the valence

band edge to the conduction band edge.
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Ge Metal-Insulator-Semiconductor (MIS) FETs
S. Takagi, S. Sugahara, T. Uehara, S. Dissanayake,
S. Tanabe, Y. Nakakita, K. Morii

We have successfully fabricated Ge pMOSFET by
using GeO2/Ge MOS interface with Dit of around 10%
cm?eV. The front gate MOSFET exhibited around
2 X mobility of the Si universal mobility. Another criti-
cal issue on realizing high performance Ge MISFETs
is the establishment of the formation technologies of
high quality Ge channels, particularly, ultrathin Ge-On-
Insulator (GOI) channels accompanied by the new
channerl structures. We have succeeded in fabricat-
ing (110) surface ultrathin GOI structures, which are
expected to provde high hole mobility, by using the
Ge condensation technique. We have also successfully
realized the MOSFET operation of the channels under
the back gate operation. This is the first demonstra-
tion of (110) surface Ge MOSFETs. The hole mobil-
ity enhancement factor is around 1.4, which can be
improved by optimizing the crystal quality of the GOI
layers and the MOS interface properties.
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Electrical Properties of Strained-Si MOSFETs
S. Takagi, M. Takenaka, O. Weber

The uni-axial strain technology using local strain
techniques for enhancing the current drive of Si
MOSFETSs has already been in a practical use.
However, the impact of the combination of bi-axial
strain introduced by global strain substrates with the
uni-axial strain on the mobility of Si MOSFETSs has not
been understood yet. Thus, we have systematically
studied the effects of the mechanical uni-axial strain
on the electron and hole mobility of bi-axial strain Si
MOSFETSs on SiGe relaxed substrates. As a result, it
has been demonstrated that, as for n-MOSFETSs, the

combination of bi-axial strain and uni-axial strain along
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llI-V compound semiconductor Metal-
Insulator-Semiconductor (MIS) FET on Si
substrates

S. Takagi, M. Takenaka, T. Hoshii, T. Haimoto,
S. Nakagawa

Enhancement of carrier transport properties in
MOS channels is regarded as mandatory for continu-
ous increase in the current drive under deep sub-100
nm regime. As for n-channel MOSFETSs, however, any
promising technologies after bi-axial tensile strain,
which can provide the mobility enhancement of twice
as high as in conventional Si n-MOSFETS, are still lack-
ing. Thus, III-V semiconductor MISFETS, expected to
have higher electron mobility, has recently stirred a
strong interest. We have started to examine the feasi-
bility of III-V semiconductor MISFETSs on Si platform
from the both aspects of theoretical predictions, the for-
mation of III-V films on Si and SiO, and MIS interface
formation technologies on III-V. As for the formation of
III-V films, we have demonstrated the epitaxial growth
of the InGaAs film and InAs pillar on (111) Si substrate
by using the micro-channel epitaxy method. We have
also demonstrate the MOS interface with Dit of around
102 - 10® cm?eV* by thermal wet oxidation of the
InAlAs/InP structure.
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Design Automation for millimeter-wave CMOS
circuits
Minoru Fujishima, Yosuke Goto and

Yasuo Manzawa.

Recently, millimeter-wave (MMW) applications have
attracted much attention for their use in ultrahigh-
speed wireless communication. Although MMW
transceivers were mainly developed using compound
semiconductors, realization of MMW CMOS circuits is
demanded due to high integration, low fabrication cost,
and low power consumption. However, large energy
loss in the passive components in an MMW CMOS cir-
cuit is a significant issue. Therefore, loss minimization
in matching network is important, because increase in
the loss of the matching network directly deteriorates
the power gain and noise figure of the circuit. Since
optimization of the passive component network, with
taking loss into account, is generally a complicated
task, computer-aided optimization is effective for the
MMW LNA circuits having lossy passive components.
In this study, design optimization technique of the
MMW CMOS circuit is developed, where PREMICS
(Productivity Expander for Millimeter-Wave Integrated
Circuits) has been proposed, and the optimization of
the low noise amplifier including the noise figure has
been already achieved. Design optimization for large-

signal operation is currently under consideration.
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Millimeter Wave CMOS Transceiver for High
Data-Rate Wireless Communication
Minoru Fujishima, Mizuki Motoyoshi, Chiaki Inui,
Yuki Kambayashi, Sho Ohashi, Lim Seong Woong
and Shunsuke Ohashi

Recently, indoor high data-rate wireless communica-
tions have become popular with increasing the infor-
mation capacity such as that in high-definition videos.
Thus, the wireless communication devices which
operate at high speed and low power consumption are
needed. At millimeter-wave band around 60 GHz, unli-
censed band with 7 GHz bandwidth and 10 dBm output
power is available, which is attractive for the realization
of high data-rate wireless communication. Therefore,
a high data-rate transceiver in 60 GHz band is studied.
Until now, we have fabricated each building block in
the transceiver such as LNA, PA, MIXER and PLL.
From now, the entire transceiver system will be opti-

mized.
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Millimeter-Wave CMOS Receiver for Low-
Power Pulse Communication
Minoru Fujishima, Ahmet Oncu and Youhei

Natsukari

Recently, new indoor wireless electronic appliances
with over-Gbps data rate have appeared. The devices
used in the over-Gbps wireless communication have
to operate with low power for reducing physical size
and production cost. The 60GHz millimeter-wave band,
having 7GHz license free bandwidth and 10dBm output
power, has a capacity to provide over-Gbps wireless
communication. However, it is still under discussion
whether over-Gbps wireless communication is realiz-
able with low-power operation at 60GHz band using
CMOS. In this research novel low-power millimeter-
wave CMOS pulse receiver for over-Gbps pulse-
communications are studied. Using a 1P6M standard
CMOS process, a 19.2mW 2Gbps pulse receiver circuit
for 60GHz wireless communication was designed. The
fabricated receiver consumes the lowest power among
recently reported 60GHz receivers. The performance
of this pulse receiver indicates that over-Gbps wireless
communication can be obtained at the 60GHz band

with low-power operation.
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Millimeter Wave CMOS Receiver Designs
for Low-Power Over-Gbps Wireless Pulse-
Communication

Minoru Fujishima, Mizuki Motoyoshi and

Lim Seong Woong

Recently, the millimeter-wave transceiver widely
developed with semiconductor process advancement.
In particular, 60GHz-band is paid attention to in world-
wide for over Gbps wireless communication. However,
since current millimeter-wave circuits are based on
compound-semiconductor devices, the entire system is
large and expensive. When the millimeter-wave circuit
can be realized by CMOS process, low power and low
cost can be realized. Practicable performances satisfy-
ing both high frequency and wide-range operation are
not realized easily in CMOS process. In this research,
a voltage-controlled oscillator and a frequency divider
are realized with low power and ultra wide range by a
inductor-less harmonic oscillator. The CMOS millime-
ter wave frequency synthesizer with ultra low power
and ultra wide range can be achieved by using the tech-

nique proposed in this research.
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Millimeter-Wave On-Chip antenna

Minoru Fujishima and Fan Wang

Recently, HDMI (High Definition Multimedia
Interface) has rapidly spread, and indoor wireless
HDMI is currently being studied using millimeter
wave, which realizes high-speed communication more
than 2Gbps. To improve portability, we are studying a
millimeter-wave on-chip antenna for realizing 7.5Gbps
data rate using multiple bands and polarizations at
59-66GHz band. Until now, the performance of spiral
antenna is estimated using three-dimensional electro-
magnetic simulation. For simultaneous utilization of the
three channels in IEEE 802.15.3c, right- and left-handed
circularly-polarized antennas will be designed in each
channel. Consequently, six circularly-polarized anten-
nas with data rate of 1.125Gbps/ch will be realized.
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Compact Frequency Synthesizer for HDMI

Minoru Fujishima, Tong Wang and Fan Wang

Recently, the high-definition multimedia interface
(HDMI) as a licensable compact audio/video wire-
line interface has been rapidly spreading. There is an
increasing requirement for a low-cost, compact fre-
quency synthesizer with a wide tuning range for HDMI
transceiver used in mobile applications. However, since
the conventional frequency synthesizers require large
capacitors in a loop filter, they can not be scaled down
with scaling MOSFETS. Thus, we proposed a new scal-
able frequency synthesizer. In the system, we realized
a CMOS voltage controlled oscillator with quadrature
outputs and 1.6GHz~3.7GHz tuning range. The com-
pact frequency synthesizer with a wide tuning range is
currently studying by using the proposed architecture

and technique in this research.

BIEHEESN CMOS iRk 5> —N

ek 92, EEAGR, RALEET

TR, 74X VLAY 4y FT7—27 (WSN) 2%
HEHAZEDO TS, WSNHSEMR N T > ¥ — g Ny
TV X o THRB S % 720, KIHBEE I LSBT
HbH., TIT, TAIZCMOSZMHM L, WAHEE
DA T 2 = NOEBUIMNYHATHS., Z
FTIE, PIUY—NORDEEGHEEZETH S
Phase-locked loop DRIK{HE B I{L 2 EH T 5720
2, B L <280 29 AR R Dk ol R dr 2 R & L
24 GHz T255uW O # ) T Tl f5Ei1E %2 B L 7.
Gtk, COBMEZIGHL, BT 22— NOmKH
HEbE BHigT.

Ultra-low-power CMOS wireless transceiver
Minoru Fujishima, Kyoya Takano and Eriko Adachi

Recently, wireless sensor networks (WSNs) have
become popular. Since the transceiver for WSNs oper-
ates by a battery, ultra-low-power consumption is
necessary. Therefore, we are studying an ultra-low-
power transceiver. In this study, we proposed a pulse-
injection-locked frequency multiplier to realize an ultra-
low-power phase-locked loop that is the most important
component of a transceiver. And the operation of the
ten-time multiplication of a frequency was realized with
255uW at 2.4GHz. In the future, we will realize an ultra-

low-power transceiver using this technology.
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Fe (Ferroelectric) -NAND Flash Memory
Ken Takeuchi, Sakai Group at AIST, Sakurai and
Takamiya Laboratory at University of Tokyo

Takeuchi Lab. is developing a Fe-NAND flash memo-
ry. The research objective is to realize a Tera-bit capac-
ity non-volatile memory in 2015. Fe-NAND is composed
of ferroelectric field-effect transistors (FeFET) whose
gate dielectric consists of a ferroelectric layer, SrBiTaO
and a high-K dielectric layer, HfA1O.

It is difficult to scale down the conventional floating-
gate (FG) NAND flash memories below 30nm due to
the serious interference with neighboring cells. The
charge-trap memories like MONOS have short data
retention problems. Current-driven resistive switching
memories such as MRAM, PRAM and RRAM are uns-
calable below 20nm because of the significant IR drop
of the bit-line.

Fe-NAND is in principle scalable below 10nm to the
crystal unit-cell size because the data is stored with an
electric polarization in a ferroelectric gate insulator.
Due to the voltage-driven, low-voltage operation and
scalable properties, Fe-NAND is a promising candidate
for the future sub-10nm Tera-bit capacity NAND flash

memories.
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3D-LSI Circuit Design
Ken Takeuchi, Sakurai and Takamiya Laboratory at

University of Tokyo

Takeuchi Lab. is developing circuit technologies
of a three dimensional LSI where multiple LSIs such
as micro processors, image sensors, analog circuits,
DRAMSs and flash memories are stacked in one pack-
age. 3D-LSI is expected to realize a small form factor,
multi-functional, high-speed and low power consump-
tion solution. Takeuchi Lab. is developing a highly
efficient low cost power supply circuits, key circuits to
realize a 3D LSIL
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SSD (Solid-State Drive) System

Ken Takeuchi

Takeuchi Lab. is developing a low-power high-speed
SSD, Solid-State Drive. As the capacity of NAND flash
memories drastically increases, SSD that uses NAND
as a mass storage of PC is attracting much attention.
SSD is composed of as many as 64 NAND flash memo-
ries, RAM and NAND controllers. By co-designing
NAND flash memory and NAND controller circuits,
we succeeded in best optimize both NAND and NAND
controllers. As a result, at sub-30nm generation, the
SSD speed would be improved by 150 % without a cost

penalty or circuit noise.
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