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R’UT LT, TRAINEKEOEMRERY 25 A%
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“Builf-In Soft Error Resilience for Robust Sysfem Design™

T A D2T ZHithZE8r]

L

YIRYo L2008 FAERS

WEDOARTIERL, BN, KR¥EFERPSHDS
TrOWFRE 21T o 72, HRERHEEO T 213, wihd,
LSIOF A b, BiEOSHTOHE—-ANETHY, K¥F-
BHEPS 130 HEBR LT A2DBI LY, KREERT
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VDEC Tid, 4k bMkHeiIC LSIO 7 A MIBEL
cYURTT L, HERETELTBY ETOT, 2k
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VDL
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12/164

13:00~18:30

WRAS RmERaE L 5 REE—-

Subhasish Mitra (Stanford University #3%)

“High Quality Delay Testing for Logic Circuils™
1BR HE (WHIEXRSE #ig)

“The Quest for Wireless Testing and the HOY System”™

Cheng-Wen Wu (SOC Technology Center, ITRI 3 :

14:40
15:00

‘A Test Solution for Low Fower Design”

RS (ReEaE TSRSt 54— (smnc)fs_

Bernd Becker (Universlty of Freiburg %ﬂﬁ)

“Adiivities of Advantest D2T Research Division in VDEC™

V2 B8 (BREFAS VDEC FHEEHRR)

16:30
16:50

“Frendo-Functional Testing. rnrrﬁfdurfmg Test Overkill and Escafre”

Kwang-Ting Cheng (University of California, Santa Barbat

“Challenge for Improvement of Test Coverage in Deep Submicron LSIT

S5k (FREHT FITAE)

“Tarpeting Leakage Constroints during ATPG - and Some Remarks on the Cafimhamftmti‘ mu Bremen and

Goerschwin Fey (Bremen University / REASIVDECHHE 4 500)

18:20 [msowmE)
18:30

BMOBHLAH

Ismn] w5

[P LRAFE] HFOV T4 b5 OWATHRN

http:/ /www.vdec.u-tokyo.ac.jp/d2t/D2Tsymposium2003.html

HRATARBRIRS l 3]0

B8 BRSHT FIVTA A 'ul'ANTEST corpo
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13:00

FEDEKE

13:10

B#EE#EE (1) / Invited Talks (1)

“Built-In Soft Error Resilience for Robust System Design”
Subhasish Mitra (Stanford University)

“High Quality Delay Testing for Logic Circuits”
Seiji Kajihara (Kyusyu Institute of Technology)

“The Quest for Wireless Testing and the HOY System”
Cheng-Wen Wu (SOC Technology Center, ITRI)

14:40

{kE8 / Coffee Break

15:00

BEFEE (2) + D2T EEERE / Invited Talks (2) and Activity Report of D2T Group

“A Test Solution for Low Power Design”
Takashi Aikyo (STARC)

“Test and Reliability of Nanoscale Electronic Systems: Next-Generation Solutions for Next-Generation”
Bernd Becker (University of Freiburg)

“Activities of Advantest D2T Research Division in VDEC”
Satoshi Komatsu (University of Tokyo)

16:30

{kE8 / Coffee Break

16:50

D2T ’R R / Research Report of VDEC D2T Group

“Pseudo-Functional Testing for Reducing Test Overkill and Escape”
Tim Cheng (University of Tokyo / University of California, Santa Barbara)

“Challenge for Improvement of Test Coverage in Deep Submicron LSI”
Yasuo Furukawa (Advantest Corporation)

“Targeting Leakage Constraints during ATPG
— and Some Remarks on the Collaboration between Bremen and Tokyo —”
Goerschwin Fey (Bremen University / University of Tokyo)

18:20

S DR

18:30

R84 / Banquet
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TAN c A=N—FIL /TR TF—TDHIBZBRE U
Pseudo-Functional &&&
Tim Cheng

AR, BIEMEER 7 0 A b= O T A MZBw
T, 7AME=FTIIBHTE 228 EE— FTldk
ICERVE ) RIMEFSEAELTEBD, ERDOA
NGO F2TVTFANCTEA=—N=FTAT 4 VT L
OMEEIRMENTWA. F72, at-speed BEFET A
FTIE, AFTFZF2T7VTFAMTHINTERVED
RRMGEMINCTE 2 — A BT 5.

KW TIE, BRERBREA NSV F2T7 VT A D
FEEMAGDLELZ LIZLY, MHEOZNELOK
Mz d A X 9 % "Psuedo-functional” FUEROFLHL
FRELZ. ZoOWHTIE, AN ZF2T7 VT A b
DAF XY v Fz—=I37 77T a ykREE N
WOXFTMERET 2 E 2T 5. 20X ZiEEEF]
AT52LT, BEGEETAMNRTANT 7Y 7r—
aYOEEPAEERY, Fo, LT 7 v
YaveTAY—dRETHD. ZOHFLVFETIE,
BWATPGI A P EEWHNL y VEMEFFL 2055
Wi R DFFDOF ) A —F TN 20T 5 F —/3—
TATA Y7 OREZEIKL TS, TN T AL
D2T ZFfHWEZEEE M Tlk, $FIC, TA MR —T7L
T A MA—=NN—=F NV OWH % [ CIZHIK S % 8o
WCOMGET 21T % 5 72,

Pseudo-Functional Testing for Reducing Test
Overkills and Escapes
Tim Cheng

Recent research results have shown that the tradi-
tional structural testing for delay and crosstalk faults
may result in over-testing due to the non-trivial number
of such faults that are untestable in the functional mode
while testable in the test mode. At the same time, at-
speed functional tests could catch some subtle defects
for which structural tests may fail to detect.

We propose pseudo-functional testing, a new test
paradigm for nanometer digital systems, that combines
the advantages of functional and structural testing and
addresses their weaknesses. In this test paradigm, the
scan structure is used to deliver functional-like tests.
The use of scan eliminates the needs of complete func-
tional test generation and test application and, thus,
does not require full-blown functional testers. The new
methodology minimizes the over-testing problem that
structural testing encounters for nanometer devices
while maintaining the low ATPG complexity and achiev-
ing high fault coverage through DfT structures. In
Advantest D2T research division, we are investigating
additional techniques to achieve concurrent reduction
of test escapes and test overkills under this test para-

digm.

IDDQ 7 AN EHIFB V-V EifieER LI ATPG

Goerschwin Fey, /M2 e, W)l 3

72T, IDDQT A M, —#RIZHEEETVIZ X
% W R B RE AR CHE L 9 5 2 & AT #E 2 B
Wb RS 2R ICHERD R FERTH-72. L
LA S, JAED deep-submicron Bt Tlx, Mg
ML E N2 TN AL D) — 7 BIROBKRIZL D,
IDDQ 7 A b ZMHMICATR ) S WHEIC R > TE
TWw5., BEEOLIDY) =27 BROATINR 5 KT
HTHY, BEMOTFNAATH>THANRZ FIC
FoTREL)—7BRVZILLTLEY, B/ A

Targeting Leakage Constraints during ATPG
of IDDQ Test
Goerschwin Fey, Satoshi Komatsu,

Yasuo Furukawa

In previous technology generations IDDQ testing
used to be a powerful technique to detect physical
faults that are not covered by standard fault models
or functional tests. Due to shrinking feature sizes and
consequently increasing leakage currents IDDQ test-
ing becomes difficult in the deep-submicron area. One
of the problems is the vector dependency of leakage
current. Even in good devices the leakage current may

vary significantly from one test vector to the next.
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B 2RI LTwE 120 EHTH 5.
RWFFECId, V=2 B LTk LWl &0
MLAENS, TOHHNTT A MRZ ¥ E2ERT S
ATPG7 L —2T— 2 %fEF L. DTV —A7T—
7B, V-7 ERHHTHBMICRESNS.
ITCOINR Y F~— 27 %R L 72 EBRERICBWT, 1%
BNTA MR Z 2y bEHWLZ LT — 27 &
OHPAZFR L Z2A5, 100%DH 8L v ¥ % ERT
XL EERLT

In this work we present an ATPG framework that
allows to generate test vectors within tight constraints
on leakage currents. The target range for the leakage
current is automatically determined. Experiments on
the ITC99 benchmark suite yield testsets that achieve
100 % fault coverage for the larger circuits, even when
the range is narrowed down to 50 % of the standard

deviation of random vectors.

BERVUYTZILIYVIDTANFEE
Tim Cheng, Mohamed Abbas, /Ma  I&,
PN

VAR, @Y7V v (HSSL) 4%, mEtkhgy
AT L OBEF v T T O % 81E 072D FIH
ENTWD, T4V V- A5 72— ATHibh
% HSSL 237 v 7 A5 |l Tib i 2 |BE ST
BA, TFORrA4 Yy T2—A%ET AT SO
bhBTEREETATIN A VI T2 —ADT A
FOZDIZHHTEI EIIRWEETH S, L7zh > T,
HSSL O WE % RFET 5 72012, W% 7 A b ik
PRELINTWS., KBTI, TV VT VAL
TFurEHFRCEROL T YT T4 TAaATAFD
72012, BT A N HEmOMEEIT 75 7z

WHROT A FHEOHIREZ#T 5 72012, FAIEZT
TVINT VANV AT A ETANT 57201280 —f
W TFERRE L. 22T, BNy 72 F v 8
Wy 7 A Fxvxdy TREOWE 2O L, Pass/
Fail gD E LCTwWab. £ a5 4 FhigkEFHL
TeEBHRRIIBWT, REFHEOFHELRL.

RELZTAMNFEZLIVHAEN LR DLOICTE720
2, MAEEN Y 7 A F X BRI L7727 A DA
AT %, mBIZEWT A AT EZERT 572012,
BIEW TNV T ZLHEDSCATPG 7 L—2 T — 7
FRLE. BETL—-LT—2TIE, WRETHIK
BEDHFAET 275 —AEFHELEVW TS —A LT, By
TAF X DEDPRKE D AIMETE2HBAERT 5.
REFHEOHMMEEFGET 572012, 5-tap 74— F
77— a4 &R E LT, ANETHEE
MOFEEREAT R o7z, FEBHRNIS, REFLEEZHW
LT, FEHICTHERLEANESTIEIMETLI L
AT B o 7=l 2 MR 2 AJIME 5 % BB A
WHETHLILERLT.

Testing of High-Speed Serial Links

Tim Cheng, Mohamed Abbas, Satoshi Komatsu,

Yasuo Furukawa

High speed serials links (HSSL) have been intro-
duced to support efficient communication between mul-
tiple chips in the high-performance systems. Although
HSSL used in digital interfaces is similar to that used in
analog communication channel, the procedure used for
testing analog interfaces is not directly applicable for
testing digital interfaces for many reasons. To assure
the quality of the HSSL, an efficient testing methodol-
ogy is needed. We started the research by developing
an efficient testing methodology for the adaptive equal-
izers which follow the digitally-assisted analog design
style.

To avoid the limitation of the previous testing meth-
ods, we present an improved and more general method-
ology for testing the digitally-assisted adaptive systems.
We propose to extract both static and dynamic signa-
tures from the waveforms of the tap coefficients. Our
experimental results demonstrate the effectiveness and
efficiency of the proposed method.

To support our testing method, we developed a
Genetic Algorithm (GA) based ATPG for generating
near optimal test stimuli to be used for dynamic signa-
ture-based testing method. For the target faults, the GA
selects the test stimuli which maximize the difference
between the dynamic signatures of the fault-free and
faulty circuits. We conducted experiments on an exem-
plar 5-tap feed-forward adaptive equalizer to examine
the effectiveness of the method. The results indicate
that the signature differences in response to the GA
tests are significantly greater than those of the hand-

crafted tests for most hard-to-detect faults.
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A study to utilize a power supply as a test
vector

Yasuo Furukawa

The test changed with the increase of the circuit size.
The generation of test pattern for function tests became
difficult, and test technique shifted to a structured test.
It seemed that automation of the test progressed and
the test arrived at the region of completion by these
technologies. However, the further increase in a circuit
size made the density of delay failure increase. The cur-
rent test technology cannot realize enough test cover-
age for the delay fault, and a system level test is neces-
sary in the last of the test process.

Pseudo-Functional Testing and IDDX test are stud-
ied for the detection of the subtle delay fault in the D2T
laboratory. However, in a low-voltage device, the power-
supply-voltage relativity of delay time is large, and in
order for highly precise control of power supply voltage
to be high measurement reproducibility, it is indis-
pensable. Moreover, subtle failure may be detectable
conversely with degradation of the margin by a power
supply noise. Therefore, we are researching the optimi-
zation of the power supply systems such as IC sockets
and PCB.

The technique for achieving the measurement of
a highly accurate leak current maintaining the load
regulation by the combination with the SW power sup-
ply was designed. Moreover, the method of evaluating
the power supply system by the frequency domain was
verified.
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ipoiz. BE, ZoWEiE, BRET LYY
Fa2FLOMDOIERHOEEI—ADH)HD1DIh -5
TwWa., i/ HEASTUTVOYETICEY, 0%
RIPIZVLSIOF A MZOWTOHEFRITR AR
Bz Tn5h.

VLSI Test Exercise Courses for Students in EE
Department

Satoshi Komatsu, Yasuo Furukawa

As the complexity of hardware functionality contin-
ues 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 sys-
tem is essential even in the education in the universi-
ties.

In the Department of Electrical and Electronics
Engineering, the University of Tokyo, several courses
complementally cover whole of VLSI design and fabri-
cation. 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.

Though those courses have been useful for the stu-
dents in terms of the education of VLSI design and fab-
rication, the students could not learn to practical VLSI
test methodology. We have started VLSI test exercise
course for the students of EE department since 2005.
The course has become one of the regular exercise
courses in our curriculum. Currently, we are revising
the exercise materials so that students can learn the

test of VLSI much more efficiently.
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A Memorable Stay at D2T

My recent six months spent at VDEC D2T Research
Division were very fruitful and memorable. From July
to December 2008, I had the great honor to work with
Professors Asada, Fujita, and Komatsu and Furukawa-
san in developing and refining the research agenda of
the new D2T initiative; to brainstorm with Advantest
executives regarding the future of semiconductor testing;
to establish an IC testing course, along with several
special-topic seminars, at the University of Tokyo; to
collaborate closely with Mohamed-san, Furukawa-san,
Komatsu-sensei, and Asada-sensei in developing new
testing technologies for adaptive equalizers in high-speed
serial links; and to meet with several Japanese test leaders
and engineers to mutually exchange our thoughts on test
R&D, as well as to participate in the well-attended D2T
symposium, which several test experts from Europe,
the US, and Asia attended. Such activities have helped
spread the testing seeds at VDEC and the Univ. of Tokyo
and have also enhanced awareness among the students,
faculty and engineers of the importance of IC testing.
I am confident that some of the talented students and
engineers who have been exposed to these activities

will devote some of their intellectual bandwidth to this
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field, which would in turn help further advance testing

technologies and awareness.

After numerous discussions, D2T" s research division
members have agreed upon its vision and tasks, which
are illustrated in the following figure. To address the
overall goals of higher test quality, lower test cost, shorter
time-to-volume, and greater reliability, the proposed
research activities cover three broad technology areas:
tester technologies, test technologies, and, device/design
technologies. For new tester technology development,
the focus is on techniques with greater measurement
reproducibility and higher test throughput. For test
technology research, the focuses are on developing
testing techniques for high-speed 1/0 interfaces, next-
generation IDDQ testing solutions, integrated test and
debug techniques, and pseudo-functional testing, which
merges the benefits of functional and structural testing.
For device/design technology, the emphases include
design for robustness techniques, automatic synthesis of
test circuitry, and designing efficient and effective on-chip
sensors. These research activities will be based upon a
comprehensive testing curriculum and other educational
activities such as offering special-topic seminars and

hands-on workshops.

The course I developed, entitled VLSI Testing

Techniques, covers a broad range of testing subjects

Tcst"_.’iu_:_]_ fit__\‘__
|';I-T‘):Eé ‘ | | ) I'|
R Time ure

Fechuolog

Test Synthesis
Ou-shp Seeors

7N o 8“

~
~—

D SRR ST [FBRFHII O 7N



IEIE |

~
~—

DB nim- R ST+ [ THRIFHIIAO 7NN

starting with an introduction to testing processes and
moving to topics such as fault modeling, fault simulation,
ATPG, design for testability (DfT) , built-in self-test
(BIST) , and IDDQ testing. Seven graduate students
enrolled in this class. The course materials can be found
online <http://www.cad.t.u-tokyo.ac.jp/~timcheng/>.
As a final project, the students were asked to apply
commercial DfT and ATPG tools to a microprocessor
design. In addition, to this testing course, I also gave
several presentations to graduate students on topics
including analog/mixed-signal testing, formal equivalence
checking, silicon debug, multi-core validation and testing,
high-speed serial I/0 testing, and pseudo-functional

testing.

I also presented seminars at Advantest Gunma R&D
Center, Advantest Laboratories Sendai, and Hitachi and
had technical exchanges with engineers and managers
in each of these organizations. The topics covered in
my seminars included delay testing, DSP-based testing
for analog circuits, pseudo-functional testing, and high-
speed I/0 testing. These engineers and managers shared
with me their latest technology developments, which
were informative exchanges about their very impressive
work. I, along with other D2T colleagues, also had an
opportunity to discuss with THine Electronics about
current practices and future challenges in high-speed I/0

interface testing.

I enjoyed very much the two meetings with Mr. Toshio
Maruyama, President and CEO of Advantest Corporation
and his staff. We were able to share our thoughts on the
challenges and opportunities for the testing business.
Their insightful comments and vision of the future really

impressed me.

Under the leadership of Furukawa-san, we initiated a
D2T Forum. The objective of creating such a technical
forum for the Japanese testing community is to, through
regular technical meetings, jointly promote and enhance
testing technology research, education and awareness, as
well as to explore collaboration among research groups.
Two forum meetings were organized and held during
this six-month period with participants from Hitachi,
Silicon Test Technologies, Tokyo Metropolitan University,
Advantest Laboratories, and the University of Tokyo. We
certainly hope these discussions will continue to grow

such that this will become a long-lasting forum and create

a close-knit professional community.

In addition to these technical activities, I also
enjoyed and learned a great deal from numerous lunch
conversations with various VDEC colleagues. Through
these discussions, I gained more insights into the subtle
cultural and societal differences between Japan and the
US and their effects on their respective research and
education systems. Such insights into the strengths of
the Japanese systems would certainly help identify better
mechanisms for fostering closer, more effective future

collaborations.

I would like to thank Advantest and everyone at VDEC
for offering me this opportunity and a great experience.
This was a memorable period in my life and I certainly
will consider myself a member of VDEC for a long, long

time.

2.4.2 Goerschwin Fey T #igH
50 VDEC #ELR—F
(E7EEIR: 2007 £ 12 B~ 2008 £ 6 B)

A Research Cluster with a Holistic View on
Testing

The D2T research division brings researchers from
different areas of testing together: Advantest as an
(Automatic Test Equipment (ATE) vendor, the University
of Tokyo as the highest ranked university in Asia, and
researchers on temporary positions from all over the
world bring in additional expertise. This is a fruitful
ground for comprehensive research taking into account
all aspects ranging from test equipment, electrical
engineering to circuit design methods.

Within this research cluster IDDQ testing was
discussed as one topic. Being a very powerful testing
technique aside functional testing in the past years,
increasing leakage currents of circuits diminish the
effectiveness. Even good devices have large leakage
currents due to shrinking feature sizes. Advanced
manufacturing techniques only provide a limited
reduction of leakage currents. Moreover, systematic
process variations and random process variations during
manufacturing cause significant differences of leakage
currents for multiple good devices. Even within a single
device, the leakage current varies depending on the test
vectors that are applied.

Coping with these problems to enable IDDQ testing

in the future, requires a holistic view. From the ATE side



advanced measurement instruments are required with
extremely high resolution even when considering large
currents. Process variations cannot be avoided and have
to be taken account after measuring leakage currents.
Test vector dependencies can be decreased during Test
Pattern Generation (TPG) already. Figure 1 visualizes the
reduction in test vector dependencies of leakage currents.
The plot shows the leakage currents of all test vectors.
The vectors are sorted by ascending leakage currents.
This forms a so-called leakage signature. The purple
curve results without considering leakage currents
during TPG. By adding tight constraints on leakage
currents for test vectors the flat red leakage signature is
created. The expected leakage current of all test vectors
is within a tight range of 1nA in contrast to 8nA without
the technique. Fault coverage does not decrease. The
requirements for advanced measurements instruments

is clear when looking at the leakage current around 1uA

even for the small sized circuit b18. Further effort is
required to cope with leakage changes related to process
variations. In the area of IDDQ testing two patents have
been filed by the D2T research division in cooperation
with Advantest.

Design for Testability (DfT) — another testing related
topic that requires a holistic view — has not been
addressed, yet. Instead a grant for an exchange project
has been raised. The German Academic Exchange
Service (DAAD) funds an exchange project between the
University of Bremen and the University of Tokyo for
the next three years. The research topics of this grant
are debugging and DfT, two tightly related areas that are
addressed in the design phase. The exchange project
focuses on the promotion of young researchers starting
at the graduate level and on establishing a long term

relationship between the two institutions.
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Figure 1: Leakage signatures for ITC’ 99 benchmark circuit b18

~
~—

D SRR A ST [FBRFHII O 7N



IR ST+ [ THRIFIIWMAO 7NN Z 7N o 8“

2.5 WMRHFRXR

EfESE - EEY YRYIL -
EFE9—o>av7
[1] G. Fey, S. Komatsu, Y. Furukawa, M. Fujita,
"Targeting Leakage Constraints during ATPG",

5th IEEE International Workshop on Silicon
Debug and Diagnosis (SDD08), 2008.

(2]

[3]

S. Komatsu, "VLSI Test Exercise Courses for stu-
dents in EE Department,”" IEEE International Test
Conference, 2008.

G. Fey, S. Komatsu, Y. Furukawa, M. Fujita,
"Targeting Leakage Constraints during ATPG,"
17th Asian Test Symposium (ATS '08), pp. 225
230, 2008.



E3E
Fv 7ni\‘.1’|5‘f*%$ls’z*'=

IIIHW




©
e

ISR N e S i

3.1 #EZVRI-E

Erk 1 9FEE e-Shuttle CMOS 65nm A 5> (ES6507)

% X % & W oR & BHE
IRy e 32T N E R
IOERESDEEMALEF Y7 D DR ERSTIIMERL AT LEIEBTE | sew wm e, wm 110
) =1 3 N SiFge
R BEE PRSTIIRERL AT LESEETE | sew wmem, wm e 110
BT E ST TOLYHOTOLY ST TLX I R B, 45 W NE B A
* I Gamma EHE BESEAFRLZHRRLZH B, O AR 110
B PRBR, BERSYYRI RO — NBEES DS | SE WE RS HH B ¥
ST TEG RERFRF BB B, AR IS B 110
(1) SRTHEAIEREEERA TEG & (2) B5o%% | KBAZAZRARMENEHER =@
& HISIM EF )L ZE AW BB O FRAREEFHEO 2 H D LEKZEF/FINA R - N1 ARERI 2 NPTV N\VA TV, | 111
% TEG P HE+ B 0%
AR TEASHATESR sz? DR R R RS X
ERTEAZRAET MR I 1“;“3 Tl w2
FINA 7, - DRI 5 ;al ?
FINA R - BRSSO E OERIER R T kS T S :;;j% %E;i 111
ERTEASRATIRER s
;;;7 FTITIRRSATL LS OROOT=IBREE | s kT R 18 %, AR KE B 1
ERK 2 0FEESE 1[5 e-Shuttle CMOS 65nm 1 (ES65081
B % x % % W OR & BHE
Me Fr N
EBASF/FIAR - A | AR T
WEES DX IO RS Y YRS EFIL HISM ZBVEE | %77 e e am s
\ M M, WA BA SEB | 112
BT EEES S 2 L— o v FAROMR BB RS ASR R ER 2 HEA et
LEAZIPY EM;;
S UEEERIFL - REET — 5 MEREES UWB koY o SAPNE Gavll, BE
o R ASET 2 v 112
R 2 0 FEESE 2 [0 e-Shuttle CMOS 65nm H1E (ES65082
% x % % W oR & BHE
ERASAREERS 27 LR EETR e
P8 LHEDRE Y yy— SRE LEE ARTE 13
HEOAS TR
BRSBTS 27 LR RETR e
E5D>=%#MALEFY 7D DER vy — ;g gjq’w W, RH A 113
AR TERHARR
_ N BEE 3£ Badalawa Wasantha-
SURE CMOS k5 Y —NERUICAP L BREBORE & | L - Dadalawa -
0 65nm FO R ICH1 B MOSFET EER_BEOEFY vy | ST s s RIFR ch';’fx” A#¥, Lim Seong- | 113
=3 TR
B0U 027 1 15770t v+ MUCCRA-3 D P ;Z;EE’ 5 @ MR B A
o ] 5@ BE RS HH Mahfu-
T BES R R U EIREE SO S EEE 5 DX | - ‘
ﬁf&'ﬁw%ﬂ{m ERUBRBEMBNERESS DS | s mx mmmeins U, AKM, = & ik 51 | 114
N HER
RBAPT /IR - A ABANER |
SRFTEBEIFEERY Oy 7 HERER Bt o 114
A = 5
BB AR AR BRI TR BE N, R LW, 56
Ry 5559 K - P EERRBNBIEBH A 5 AD EH e Bl R RE BE M@ =
o = = REAY EHMENEHER n N G SE e 114
EBAST/7/AR A AREBIT | o
BAEEREADERE BN UBEET 1 oY x n o smm 114
NP NN g ot S D T, EH
AT] ok M =
HA IV Y TS5 —FEESICLDEGHEESEERKTM TEG | ARAZEFRRSHER ?ﬂgﬁ;;‘zf ﬁgﬂ = s
SRR TEH 2 wH
SURLEY SRASEARILHER . 115
SRASETHRS Joll Ex




SURETOYSTTILBEE B AEASEREEREN TR AR =T 115
Z3Y IVRL VIiLFYy, BXR
_ REAE AL B F LTI , :
r— il - m 0 N
Hot Swap ##E = E 2 e M EBBR 7 —F 77 F v B A T T SR A IEZ}EE - d 115
i TR
N i AE T wE B AR =
= TR A ] =l ] N M 4 o
BERREA Y F v 7INA F A A—T Y TEG ;Ezmﬂ*&mk*mk*%g%mﬂ* B OZmg B AA BN & | 116
- B, mE B B
W —% ERE GESE X
FHOEEOZDRREFIADLHDOEEDOSEEAHE - 1 | ERTEALHATRR N, EE 5 LR B |
HEBO R ERTEASRARTHRN 1% "z
sl 55
FFOY - FU5 L RAESINEE NP =M & 116
3 — = BA —
3RTEY AT LEBICAF T v TR 5T 1 — 2O BRSSP Y AR Eo SR A BR L
# EE 85
BN &N, #O KH, B0
e o BEAS TEHRR %, R %
BIRFHE LSI QT 071 > 777k SRAM WEAS T WO =R, w4 wE o |
A HE
FFOY - FISNEMIRT L LS| ORODFAFIVIN | B S, R M OAE B
HMREEE =5 ORISR R RPEARR TSR & i KE 117
s = T SO F A N s = ESTTIAS
o W B S0 e DS 7 S BERFF/FIAR - NAABBRFR | 58 BF ok it B2 |
R B
- P e———————— ‘ )
;/74A KT~ —7 Y EBAULEREBNCPUT | o i pm .
B BE L, A RE RE W
N “ o~ — = A4 ks ey A AT OO ' d
AVF v IR DEESSEBOR KIRA A BB E R TR ok em mies mreg | 118
RS ERTIAT Rk B3 BB BN Bz A
B CMOS 70t 2 & B e KBSt ERASAREERS 2T LRHHENE | 5 REE W EE 118
Ty y— sEH
BEHTA L OTOE Y FORE AMAZEY RF L LS| R 5 — AR 118
FRE1 OFEE20A YOV Y V4% — CMOS 1.2um :={E (MOT072)

2 4 x % % W oR o BEE
KAOEERR, 10 €7« U5 LEHREIRE. ROSARRA | BRBTNASESETTEN REH e
FIE I/ A R DRE B BSEF TN W TE, BE ME
/]A(;?odiﬁed PLL chip for MEMS scanner actuation (verson BB A R TR = 5% BE B G5 F 119
Fy IR T LR OB HEAS TEERSH EY B, FLE 119

1 ] 8 T AT N, TR R, T A
EEIRRORE 2 BBEMNFAP LG %, oRE & Bl N 120
EREMHNZREERIZR
A fF
Y LS| D107 07 EBOEAE RN BB T AR THEERS 27 LATER ML M, I BGL EEEZ | 120
S . B B BA RE EE R
N =00 7= A A TIT oo Y|
EERIER ORI R TR AT T 2R B m i Ly 120
DV F v T FMBRESES 257 LORE ARTEASET SRR R RE A RE OERE
B ZOAFLALTaT7Yv
EE R, | 5 &
R BB A R MEREE ERERT KRS T SR S e R KR BEF
B BE, RA #— RO E
Bk R BRTERHIRA ;ﬁ&i’ﬁﬂm - RO &t
HEIIESH R AT - BEEEF Y 7- BRSBTS e 121
o7 WE T B Eh
ERIEEEEISRETINEIER £F B% P& L BE
£ A EF
EH20FESE 1ALV Y Y% — CMOS 1.2um HE (MOTO081)

2 4 X % % W oR o BHE

_ ] \ _ SRS RSB T SRR =N - TH RS, BE &

S CVOITRES L OREEIE : ’

TG YTERER SORBARE BBAP T Ml BT, BN R, A A— | 2
S ERAREIER ORI T AS T Sl BF, BN BE AT A— | 122
CVSLEARBEINE & CMOS EAREGIE. FFOKE. & | BRETHASESETTEN REH 1 129

CLEERE A DR EHRAE

BREFBELLH

HE A =HERE#




©
(o)

ISR N e S i

CVSLEARIBE KA & CMOS EAFRIBEIKAL. FFERE. K

BEETHASESBTTEN

LR

sk 15 R E,
UL T DA BERTHELER AR AERL RES 128
=1L
,]A]r?odiﬁed PLL chip for MEMS scanner actuation (verson S R TR = 5% BE B S5 123
HREEHESOF v TRBIEAE TS R RBORE e ——— B9 B, W0E BN HEE | 123
LDO DEREED f s DFFIE[DOEE BRBEXRFEFIFHER HENG SOCHEAT, & A" 124
N BRI A T2 Said Zineb, )1l #ARS
THEIRIRER O L
FRRIRESORE T BERTNEASBERTSR @ T 124
DC-DC T/ /\— % 7 LS| DBag BB T A AR TR HI A BEL BEEZ | 124
N N B B Bk mE G B
N =g=l=] = ) ~2h Ak N
BEIERORE ERTEATETEHRR y o 125
DVF v T FMBRERES 25 LORE RRTEASE T SRR B RE A REOERE
X ZATFTLA LTFTaT7Y
ERREE - SRR -
fiii P » — EEpEta] b
i3y b7 RO RRRIHES SEEAFALRERALEY A7 AFEY | L B 125
EBE - EARENBETESBEEAEREHORE ORTEEESMERERERIE B % 126
R AR A RN E R B AT AR TSR Sy R BEE 5
EUYEBERIT B ODANT ST O SRR A AZR TR B e, BE 2 0 - | 126
SRASET S, L B, full R
A :
CMOS 7O+t X &K B HERER SIRAAT R REH B 127
BIEEBTANEG S 1+ = v 2 CMOS REEBOHE BEAETHHRN B OE - 127
B E AV BN E BT YRI5 S TRASS 27 LIERTEHRE N B, TR BIEES | 127
Frk1 9OFEFE 8EMO—L CMOS 0.18um HE (RO18078)
E & x % & W oR BHE
i , TSRS TSR M 55
SFQ/CMOS /\«1 7w RXEYH 64kb XEY B - o =) =215 128
L BORET A A BT AT A e, Pl JE—
W i ) © NS R —,—
HIRHO/NA b5 > I A5 E R\ R A BERETT A AR T 2 =)l 217 128
DMA 72  EI% e TE E, BIE AL, hEHE | 128
TEBER Y & CIE S ERE EERS AT R BE, H EE 129
TR ID AEH L YR SO BEABATETSH AN BN, A EE 129
EGEERT A kRS URET LA BERBASETEE Wk e 129
BT AS TR AR to—
R A E L i
R ST T 1 LY il i e 130
©7 70557 TNFINA 2 VPEX DEABBEERTE TRRARETSHIRA i S, I R BE R | 130
Frk1 9OFEE9EMO—L CMOS 0.18um HE (RO18079)
E & x % & W oE & BHE
ERAEAS R T ERHIRA o
N i o IS = J SR ESIRTe
XEYZEEK1 iz\'ﬂk?k*ﬁ*ﬁ%*ﬁ/lTﬁﬂn"'%{ﬁﬁﬂh S8 W bEE, SE 131
vy —
L T T p— EREM A A IRIE TR S T, 25t 131
_ ] SRR AR AR TR R EK HE A B
S VB HESEDE =
RENEARREZIREA TEC ORlF SRR ASHETHLS, Tl Sk, B S 131
_ _ SRR AR AN TR R Rk B EA B
S B H RS ; =
RENBDRIEZER TEC O SRR AT T Tl S, B S 132
RS A AT BE % RHED #E %0E
S+ Fy TRRES ERARABEERS 27 ARHEER | 0 55 A& 132
ey — B =
BERET A AR R T 2R A
MBI KR RS 2 BRI S
BrERE)/RA NS> Y R4 % BW INEREE & RrEhE iR EIR e =) =15 132
SFQ/CMOS /\+f 77U w RXTEUF 64kb XEU [ psdEshvap =y =t et s A &L, FH ST 133
TEG ERAS TS RHER B @R EGE BEET | 133
TR & BRERIEAT 4 kS Y YRS T LA EEABASET 25 Wk Kk, A S 133




RS RZEHMERZHRR T =
HRRREG 707 ERER TEG (TC2) EERZF/TFINAZ - N1 ARERIZH | #AFH 1B, 4K S, SH | 134
AT %, Al &k
1 9FESE 1 0EO—L CMOS 0.18um &H{E (RO180710)
& e X % & M oR & BEE
B e shep B/R, HERE ERE A/l —
By J DIETES T A p S| BT ’
RIEOE S U TEMET 2 X EY OBIERE REMKRFRERIGRIEAZFER & T EE PO SR 135
HRAZIZRARR &
i z 3 Sy —)N—t AR =1 32T NS E T =
ZFIESDEICRVARENZ Y Y —/N—RA1E f?‘;?i—kﬁﬁiﬁ/ZTﬁanf?ﬁﬁﬁﬂn LB EE B, 2E B 135
HRAPABEERY T LR FHERARE s
BEBNOEAR M EHER T ey H— «Eé @J ;ﬁ% W OXE #HE 135
HRAZIZRMARR
HRAZFAZRLZRMAER 0 B
N s &y I S =1
X EDX[EEE 2 i/\?\j{%k*ﬁ*%%%/xTAuXu"—ﬁﬁﬁﬁh 28 # HEH M B 136
vy —
HRAZIZRMER £ Yunkyung
4 e B =/ Zn=. I oT L
A A=Y TEG ﬁfﬁjﬁ—?—jﬁ*ﬁﬁ%fé/lTAﬂn‘f?ﬂﬁfﬂn 28 % HEF LM HiE 136
Tty —
RRRFRERLZRATR —-
— W, D — E =3 =h =3 N - EA= = oo
ARy~ VT =T x4 IRE f/‘j?i—kﬁﬁiﬁ/lTAnxufﬁﬁﬁﬂn L8 W EE B, 2E B 136
HRAZAZRTZRMER st B
ER S, | N e = TSR N==Ey 2 b= 3 N F=y it A
BRIV IAY TFT OO TIVELIVTFTIYYILEE fi\?ikﬁiﬁﬁ’r’é/ZTL\&ﬁﬁﬁﬁﬂn SR HL HEH, EE 5 137
HRAZFARZRIZRAER 0 Bg=
R i =1 S N =iFge
XEY @3 ﬁ?k%k*ﬁ*ﬁ;ﬁ/zTAuxn'f%{ﬁﬁﬂn £B B BE H SE 137
tyy—
N EIRKFRFBEE AR 2R FPRK, 8 ZKX B X
S NEDIHREEEROR \
RRNBRREZERORIE SRAEKSHIRTHZ, Tl wx, B i— 137
— e . o . EBERZFRZREHYERFHER MR B, BEX, =#EF
O oo ara 077 7M TVIREEOSORMERRS | pgxer 7/ 2 - /o AMARSHR | EO K T59v2 AVR-2 | 138
= WY, INEBE
g KN, /e /BX, KF =
EREBT O T4 2D TEG #iF FROUK 2R BeiE T3R5 Rl t, &M &L, S M, JIlE T | 138
2, 2K &E
REHRR A ASIC  TEG HRAZIZRARR B R, A A, Bif itz 138
AR ID A Y ROMESLIEE R BEZBAFETZY Rt EMN, MK EE 139
ARNEERE Y Y H & MESLIBEE BEZBAFETHEN EA R, MR EE 139
AEABEIC LD MBREA7A NNSYYRITLA BEZBAFET N s K, IR EE 139
LDO & miBiERE O b E g BRBEAZFETI¥R HENG SOCHEAT, & 2 140
HIRAARERER O B DS S EREIK (W) EEZBAFETZER A Ets 140
SRS A BRI R R, R S
AT AREERS R ARHRET | - L B X MR
BHRBEEF Y 7R LAV F v TEREIEK s — R’ 140
O aE B
HRAZITZRMER e
2 0FESE 1[EO—L CMOS 0.18um FH{E (RO18081)
& EA N W ox & BHE
Digital-Pixel-Sensor % 3\ \fc SR EFRIE§IF #m H VLS HRAFAZRIZRAER K AE, KB E 141
A Multi-core/Multi-chip Scalable Architecture of Associa- | RRAPAZBLHEESAIRBIEHIER Bui Trong Tu
tive Processors HRAFERZRIZRARR %HE 141
ERET AR AEBREIZMA mA 18e
1w R 1 1
SFQ/CMOS /\1 77U w RXTEY M 64kb XEY SRR A T SR =) 25 141
- — . BRETZ AR AFBETFA A 8L, BEB% KO EK
N=YI s |
ERT /N1 RETIVERAE TEG RO X EY EREIHK BRI A A T SRR =)l £ 142
RF [EB&E&EtD 28D TEG & VCO OHE RIEXZTIEHER K= 8, A KE, FEEER 142
EHER A ASIC @ TEG HRAZIZRMER BA R, A A, BiE it 142
— LERMBZAZIZMER #HAR BA
Y RIS U fe = 3
EWT « V5 JVEIREBIRICHIE U e BEIRESE DTS L EE R S A TR HE AT 143




©
(00

ISR N e S i

BH B BAR XE kE B

B RY NI IV AT LEHER | CORME ERTRASETLHRN a o 143
UL TEY YL —8 DEEEE NI 2 RERS T B0 B 143
¥R 2 OFESE 2[EIO0—L CMOS 0.18um &HE (RO18082)
2 4 x = % W oR & BHE
SBEES Y R —3y
IEATRIERS AT LR 158 MS/s JPEG 2000 377 | g mmmisaian TR -, R Es AE B | 144
D ] = 3 F I\ERE S
A PLL SERP AR X7 AL | oo »
vy —
RRAL KRB S X 7 AR BT e
FIGNHBT 0T+ T /A XFvoe5— Ty — ﬁf ﬁﬁ,;iai”"i' A A 144
ERAETSRFRN
. RRAE RSB T RHR ERR EME
/U TEIBSIETHEA T E G RS AS B AR E R #$ —. Bui Trong Tu 145
= BN (EE3h A =,
SEEERRES & CREEHO R RS TEG KRS SRR o = s 8 145
25— R LBERRR DS — MEIEE 5 XA TEG | REBARASREREHAR Zfﬂ BE AR BT s
s s s | AT o
1T A s AR M ERBL A AR | ORISR | ek, sm e i
X ZEEEE ver.] o e BE KF
RET
. . LRAF AR TS HIRR BE —1I, 2 B
Stream cipher engine DI BB A B 4 — R 146
BRET AR AR TR £
IV ] i
BFSAI/XR | 5> 2 5 B R F\N e RS S AL B 146
RF EIBSEE D0 TEG & VCO - LNA DEHE FLAE TR KE B A KT, PEES | 147
HEHRIRILF ASIC ® TEG RS TSR B K, B B 147
Tk D I PR OE S BERS BERBASEISE KA BN, K EE 147
BEEETLY YREEREDE BERDALETEH Wk S 148
_ BRI AE THHRR LB, T A, S A
= e _ - ,
EREEEHBEROLOOTF O/ I A T A 10T 148
22X — L BEIREIRS TEG AMTERET 12 ORBENCY 5 — | R85 BA i A2 148
AER Y YV 8 £ CRMENO - OES (B3) BRSBTS HL 5 149
AHER Y YV H L CRBEMEHD T8 D/t y ER ‘
EERDRFIET 2 2 R
RS TEG EERBAPETFE L A, B, 5AF 149
UL TEY YL —8 DEEETT AR T O 149
Sk BRI _
Ok maL MK EEL B
BEHISIRE SRAT AR A7 AR | L o e BEER e
vy — =
BEASF /1A R - /XA AAREH
Il ¥, Kk =
A RRRRI 7 0/ BEREE TEG (TC3) %7 al ;fg S g;fl'; ﬁ 150
[EERFEAE BRI ERIATTR CEER AR
BEAZF /104 R - /XA ABEREH
Il % S, HE#T
ARG 7 O/ ERES TEG (TC3) e ﬁ; ;3;' i; g' g;'; il 150
D e e E C FER REHT
¥ 2 0FESE 3[EA—L CMOS 0.18um #H{E (RO18083)
B 4 x % 4 W ox o= ewE
LS| #E U B SR TEG-1 KIS R 2T L
LS| HERUTE B TR TEG-2 KIRASE R STRA W BE S8 s PR EA | 151
64 KT M ILF—FHHES RAMF R R F 97 T B LA KL SEE 151
B RA. ORI AT, BB
. - AR E B TR :
ASK @EES, 5&£0. 20 TEG @5 AN sl S . 0 AE 152
e
I RA, B AT, EB
. - FLRSE AR T FIN :
ASK GIEES. 550, £t TEG AN ot ®, N KE 152
e
SR Ao SRR BAFR IR =Rl 5
%A 5 )1 ¥4 5 S 5HE TEG & RF Bl TEG OEfE ERRFRZIE LI PR RR % EX B R 152

ERARFARPETHIZUR

eI Ek, E #—




HBEEZAFAFRTEMN

A 18582, B EX KO HK

AR > 1 1
SFQ/CMOS /\1 7w RXEYH 64kb XEY & ERE A AR T S =)l 217 153
SRS S EIRF TEG ERASTERHARR B MR, B OH BIEE2 | 153
° ERASTERHARE B R, B OH BIEE2 | 153
EERERAT— NEHEMEA S ZHR L ZOBROR ERASETEH —f s, ETE A, WEEE | 154
TNFCY MARFLTURS v SR H O FI5 NERE | LEAPETS I —t, TR &% 154
BRIEEE B 1o ADC & 2 DB FRETE——— BTE 5, AR % 154
BT D A £ o R OIS SAEEE RS ATE T AN BN, A EE 155
BEEERC T ATRREEE EERBATET Y - 155
SR AMBHEY — V> 5B T E G AMTERE A - O RARIN Y 5— | W08 & 02 155
iR 4 THET 57+ TFHy T > T EBTHET v 7 EEABASET 25 J—— 156
He KU 5B BREF LD D TEG R ASET R Y 156
s 154 BE ®
AU L=y TS IR RN T RIS A BRI 2R & RE MR BE ELE
2 RE i
e g - . St T ] AT R & X&), Dawood Alnajjar, %
(AR TR A T AR O B RIRAS ARSI SHRR e mrne et ® s
o747 —g s ‘
ffjﬁ’ ITATIA/OMRIOA-TTRVSEMBBER | o ok mp TR WO, BIR SH, B AE | 157
. N SRASETSN, L R, Ul R
TNGYIETARTAA SRAZ B ARLHIRA Bt 2 157
BEECLEBNEF Y TRES>E, FvIMEso=0F | SEAHNSRIAZRASERNSHE B
i - ok —5, B WE 158
8 Ly AT TOE Y AR TR A AL RIS FE TR LA EEET, FAS | 158
EBASS /FIA R - A ABEREH ] . N
EERBE&E 707 ERLE TEG (TC4, TCh) AT fl_;! ;?g i; ; gi; E_ 158
BB RS ASB R B R 2 HER ' B i
ER2 0FEEE4[EIO—L CMOS 0.18um HE (RO18084)
E 4 x % % ok B BHE
ERASASB T SRR o
» Tty 3 = J n= =TT oo =
XY R[@EEK 4 %fﬁjﬁ—?—jﬁﬁﬁ%%ﬁ/lT‘bﬂnfﬂﬁﬁﬂn SR B HEH EE B 159
vy —
T BiE L, EE 1A
Ty N | B SRR w3 ’
BRE— NRERAERUZTHREET Y 74ILY . ] sE B 159
_ \ AR AR AR SR R A
El == __ I 73] 74 = W,
BT S AR S SR T O BN cilloiniy s 159
Sy FERWOYV/\L—%. ASAD Ziugs 160
. BB RSB T SR B 3, B B
HCgorillas DFA% U ASR AR S 5 — e B 160
RREE /- XIS R A S R = AR WL B G EX AREA | 160
RR S/ - XEPEEIE R A S B = AR Wl B G ELX AREA | 161
RIS EE / « X SIS A E SRS E AR Wl B G EE AREA | 6]
RS EE 1 XEHEIE T Wl G X AREA | 161
RESEE/ ¢ XS I A S R = AR Wl B G EX AREA | 162
\ —— 2 F kR TE 8
i)
RISC 2 CPU Ot FEALMANEHRA KR —8, (P BE 162
S RAMEIEY— Y SHET E G ANTEAR (o OLRARITEY 5— | 5@ 0@ =i 12 162
RRASAABERES A7 ARSHETE | L L o
WEE - 7Ny & - BIRER FPGA s ;fﬁ g B BR 163
HEAE TR e
COMOS it 7 4 7 « THHRTO—F T WO IR ER, B SE | 163
Zs P Ny i Nl Nl | AT oD
BB L% BN - A O SPHEIA O S %’fimﬂ%&m‘#ﬂ*%ﬁﬂ*m’“ Sk —, R EE 163
EBASS /FINA R - oA AREREH
£ Bl ma, A% RE S
N 4 2 oo
EERBEEE 7O ERLOE TEG (TC4, TCh) RFT AHBE TEHBE TR 164

EERFARZREHERANTR




—
o
o

ISR N e S i

T2 0 FEES5EMO—L CMOS 0.18um #H{E (RO18085)

=) £ xR 2 £ m xR & BHE
RRAFRFRILFERMARR
X . e PR KE, PIE K
o =Tt RERE o= = S 5 &= 2= oo d i
2FBEHREICHIT S LSIFHEER fi?ijﬁﬁﬁifﬁleL\ux THBERR LB W HEH, 2 B 165
RRAZKRERIZRARR e
S F — XDt o 3,2 5 [ SRSt E I ge
AVFvTor TH—NOHE f)\?’;iﬁi—ﬁﬁ@%#}é/XTL\aﬁ?ﬁlﬁﬁﬂn LB W EE F S 0 165
. — o RRARFRF AR R HR R 12 X
7Oy Iy FYITARCMOS A 7T AL T7O—EVY S kA S T TR - 165
FaIVFIIFERART O - YR—kRV S5-IV —Y HRAFRERTERARE EZIRE SHE 166
CMOS HIEHFiEEIEE AW CESSEHEE 7 O/ EBER | ERAZRZGEHESAIRE SRR 5H—5 166
TEG HRAZFAZRIZRMER %£H B
144 )L PPED X% hJLAREIR RRAFRERLERMARR B BAR, EHE 166
N BEE AFKZRIEA [ &8, KO #K
AN 1 1
SFQ/CMOS /\1 7)) w RXEYF 64kb XEY e =)l £ 167
= ss BEE KFKRERIEA 4 ER, AW IE—
T e -
BIEE/RZ b T Y Y X5 &AW RE R SRR T A AT SR =1l =55 167
EBRFRFREHYERFIHERR BA ¥R MR Mt
CMOS [Elf& 13 5 D T TEG #1E LEEBRZEF/TINA R - INA ARERI 2 O ¥ x¥v3¥a N\NYR-1 | 167
o %N e
10 Fv RIVERY > 7 >~ 78I ASIC RRAZIZRARR BRBR =gt 168
@R v AR EREER BEEAXFETZE WA EE 168
BB EABEREBEZRHD CMOS A X—I o SRRFETFEHEFIERFE T #— 168
_ - Pk B2
= l“‘\Ir"“\;L
VSP ST v 7 S, (oK %, A Rk KB A | 169
- Z
. BREEEE - NPRMREE =B
\ “ HEEE T e —_
1TVUTF/ 7y NEEERBEREE F v YRy FEEE— | SRS A SRR A S % 5 AR =, HL R 169
1. 5bit TR\ D 8 bit Pipeline ADC RRIFERFETZMER SR E BT EH, WER 169
AVFyvIH TV TAIO ERERFERLRIEREEY R T LARER AR HE), SR B 170
RRKFEERIMHRAT RHME HE TR E WA &
Z# CMOS 7Ot Rz AW KBERE L UA > F v 7EBIRE HRAZARREREY R T LRABEHAR sh, AH J—, HBR 170
B vy — S
RERAZ TERARR TR
FRAFP AR IRFE HE PN 2R, K i
#HiR7 Oy I HERIEE L OBHRBEFY 7 HRAZARRERY AT LARSEEHAR | N, &H BER 170
vy — S
¥, OEE M, BIR &
BEEEBW/ A IDHIEORE S IBRRT O S D ERIE Rt RFARFRTEMRR ;;I; jI:Eg% R R 171
V7 U PERANEEBEENA S EHRR BESZAFEIFRETTERH BA £ THBE AR{CE 171
N HRIFEKRFTIEER SAE B, & EN
32 By h MIPS BtV ILF Y7L 70ty e = Mk 171
- . _ N s RRIERFRERIERETPHARR R MY, B2 HK
AZ—AF7 70ty HOHOAYF v TIL—5 DHE B A A TR T S FRZC R na w=e 172
. RRIERFRFRIERETPARR A2 K
32 Ev b MIPS BV IILFH27)L70Ey Y e SHIE i, 7 A 172
EBREF/FTINA R - INA ARERIZH
1K= S, KE#®=
AHRREI T4 7L 2 Y TR (TCO) = frj#l ;;fg i; g' gfﬁ il 172
LBRFEARZ B EREHR CEE R A
1Gbps x4ch &R LAN BEY 3 v F v 7 KERKRZERZRIERE FIHRE &Il £—80 173
k2 0FEE6[EO—L CMOS 0.18um HfE (RO18086)
2l % X % & m xR & BEE
A Hamming Distance Associative Processor Employing | BERAZAZERHESAIKRIEMER Bui Trong Tu 174
Time-Domain Techniques HRARERZRTERIFRE %H B
. EREARFLERTAMER AS HR, B BE WK E
=43 < —JH 1,4
ZAREAMITFr—IYOTIVITT LY SRR AR T 2 YAl R 174
— e . L EBERFRZREHYER ZHER BA X MR @t
CMOS FNAADTzN\B, Tx/\K, TAREEIERINA | o sms 3z - AABAMER | £0 % v99v2 AVZ-1 | 174

TEG = fE

o

WY, INEBL




ALU BHE A ETET SRR BA N, B RA KB R | 175
o A BIE T SRR e
FUF 9T - ZIA S IA 5 5 TEG BHE s e e D A 175
AURL—F T LA ERASTERHRR B R, G AE BESZ | 175
S B FTUYY 527, MR
T o JE B Ty =T R
o) =0 TS SO F3| A4 A=
WHBMLIC 1 T8 X E U FHE T 7 Eij‘**/ﬂwz SAABERER | 4wt vs9va Az | 176
f— LT
e JIm B
ok =, w2 % B,
BAETEOREERS LT 5 REEORTE BT B HE, LE BE I E | 176
2, 1M ER
; , b =t _ BR E e 2= Al e,
ffé%;"”ﬁmm%%jb e B #&, AWLE A% s | 176
: > e
DC-DC T3/ /%— 5§ LS| OB LB RSB TSR H EE, W EE, BE R | 177
W (B B RE LE B
RFID B® IC # 7 DE RHRIEXFEIPHER ® ZOFLR LFa47y, & 177
M
. EREELE - NERERME % Byt
N “ e TN _
1TVIUTFF /Dy NEEEREEREE F v IR FEEE— 1| SRS A SRR A S % 5 AR =, HE R 177
ERES €Y S V75 £ CRREMOEHOEE (B4) EERBASETSE Bl A, (L0 B 178
HRESEY YV IV ATLEFY 7(W2) BERDRPET I o et 178
£ A — T Y AR TEG T —_— N E EEE ZEME | 178
Y0 & 2B CMOS E#iL 7 & 7 « TR TO—7 e WO, BT SH, BE AW | 179
SSO /-« X|IE TEG BETEXPBERITED WR B2 179
EBASS /FIA R - )A AREREH
Il S, HE B
AR T4 7L 2 U ERIE (TCT) %R frj#l ;;fg i; ; gfﬁfﬁ, 179
INEPNET N R S e ) o PR AR
EBKEF /FIA R - A ABARE
- o i b
AR O 7 L ALY HRHE (TCT) = i; ki i; > g;';ﬁ 180
BBk A B BRI TR 5 OEER KT
FER2 0FEESE 7[EO—L CMOS 0.18um & (RO18087)
B 4 X % % Wk T
EASERRER AR 5 — | 54 BA AR R
- A . P :
BREEESLERIREIEE 7O v Y BN i 181
[, s | AT TRy
AT GEEA YT AR NERBUL/A A YT E égiiiiiﬁfﬁ%ﬁfiﬁiﬂwﬂ M hx £mE .
L SEEE ver2 s - e ©M 5A
" o AN 25 LIEERER 2k =a NE EH BR 2
AV FNFPIOIDRA Y F 7 BIRERIEE K UMk T 5 R hE A 181
BB AR R ER 2HEA A wA FIR
CMOS A&l & 1F 2 8EIE S D = TEG LBREF/FTINA R - N1 AREERIZH O ¥ Y5O Ya N\NVR - 182
xR W, i Bt
\ FH RE B BA AA %
. R —_ g 4 T A T o : :
WIMAX B84 —R7F—2—% Itk AZTEMHER 3. @ B 182
W T, BT R HL A
;I; YT OUNCIE - MERES S UNEEIREER | o o mrs TemRn Wt AH, Ba)l # OME | 182
G5, AR B, RA B2
. e L #0151t
S )Py 3 ZrEE S
WV BTNy S S A RO S ok EE 183
R EE, S| % Fry
BBk A B BRI TR *f’i HE SR B 7YY
SBRER OSRT— 5 BB ERRL B AEY BRAPF /TR SAABENER | J7 o e | 188
S &+
BBk A BB TR WA WA FUYY S
WS 5> = RIFRDEEKAIE Y v 74 L—4 TEG BIE BEASF /FIAR - NAAMARER | L0 % 99992 AVZ-1 | 183
RET Wy, N BE
G 25 B S IRFIS 35 AREIER L —
EAREBREEET SHRUAZET « 5 MBI — | T o

7

—
(@)
—

I[N W O



—
o
N

ISR N e S i

FHAS TR —
KU A8 X — St TEG RS ERFR ek BA 184
BRNKEZNAT I IY—FV5— B EE
5 E b A\ =t AY ;( 0
HA/A TS VHIBICED < 256 € k LDPC FI—% FlAE TR EE‘ ; Iﬁff WE R EEE | gy
R BS WA % WIS TR
BDINA T4 VElEIcED< 16 Ew ~ LDPC FO—% b RFTEHRR ?Ej; %:2& B B A B8R 185
(ERBEN A/D THRBOBE ERTEASETLHRN &8, VoTuanMinh, WERE | 185
SRR BT B % oA B RHE #
*yF v TERERS L CABEL RRASAMERS R 7 ARHAEHE | W B EE 185
tyy— BE B
SRS A AT BE %—, RHE HE 8 K
FUF y TRES L UES Oy 2 HEEH ERAPABMERS A7 ARGHHETE | B Mt & 186
v s B
BREERA—T V)L — T8RS T =3 JAN ZA42 N .
LERARA TV TARSERVERRT T | pmmnxemTennr TN NBH, BEE BELCE 186
B Erogr- W =
SRR EBED £ 8 PA BN AF RIS HRT TEH e R RT"
8bit 613 SRAM RS E BLfE R TR AR 2N R B, B, BERT | 187
BBASEF /751 2 - /XA ABRAREH i . ~
AERREN T4 7L 2y FEE (TC8) % fé! g;‘ i; ;’ gfﬁ = gy
BBRE AR E N HRR oREE R
LEXZEF/TINA R - N1 ABERIZ2H . W -
AHRREE T4 7L 2 Y TR (TC8) =R 7@# ;3;‘ i; g' 232 B a7
P It Eo] o BEER RS
Tkt R (o RS — XA = R s = TS S A Fy A
RASHRIC AR U RS £~ XEEBT 5 TEGBUE (BD1. | IBAST/ 7/ R SCOABABER | o0 o
Z01) =
AU I AL IR — XS 5 TEG BUE (B, | EBATF/ /AR SOARBHER | oo o o

Z02)

R




3.

2

Fv 7iERI—&

MEMS
ez ¥y 4 &~ I m R & BEE
MOT072 A modified PLL chip for MEMS scanner actuation (verson 1.0) Z 5% BH B2 £5 % 119
MOTO081 A modified PLL chip for MEMS scanner actuation (verson 1.1) = 5E BH B2 5 % 123
RO18087 TRARERIRIC A U IS — X = B8 2TEGRE (BD1. 20 1) Al Ea, EO 188
RO18087 RESHRRICHB L RS Y — X £ RE9 2 TEGRAE (BD1. 20 2) Al g3, £O % 188
TEG (454 E 3 75 &)
ez 4 & wm R & BEE
ES6507 7AtRE5D2EEAMALEF Y TIDDOERK %E # ShH B %H HiE 110
ES6507 H/NA 7 RE, BN Y IRY RO — NEERFS D EFFHBATEG FH FEE, 108 #R88, 7)1, VR FR, \BFE R 110
ES6507 (1) =ZXkTEEMEREELCKATEGE (2) E52F2&THISIM EH B XYY U2 N\YR )Ty, N BLE H m
EFILERWCERBFED FRBE D 7o 6 DEIETEG I 7, £0O %
#w —&k, AR 7, G 5L, X B Bl Bz, Fil
7N 2 - EIRREE S ! . .
ES6507 TINA R - B S D E OFRIEE W, G S IR 111
£S6508] MEERFSDEILEF NI Y IRIETILHISIMEBWRRSEDOF | EOX /NEEBEL XFT22 A\VX - 2TV, AR N2
BEEEYIaL—YaYyFEORK i, B X S8 5 =H E8F B E
ES65082 TIYIHEREE VY 2B Ot B OXE BB Yy J/5Y 113
ES65082 Fo52==FALILF Y TIDDOER ZE Ot B, XE B, EE EK 113
M S, W 455, | AKM, =K s,
ES65082 RFHORES CRIERUERBESDN SEIEE S > FHETEG S B2, 155 L, Mahfuzul AKM, A S|,
R, NBF FE
ES65082 A IV I T —FEETICL DBELMRETIHCRETMTEG EH #E, BR E— BA B B =5 B i 115
£S65082 BENES DZOHAETNALDHDIFSDOEERDEE - MEEIKOR | &% —& AR & & 5%, XIIEF LE 5 BLE 116
1% Z, &ts "Mz, FIl €6
B & Z, R R BX B & ,
ES65082 AV FyIESDEE=SEBORLM g;; RE FAUE RE & BRELBUERRL |y
ey = 3 ohis SV a=c1 =
ES65082 E#-CMOS 7Ot 22 AW KB E g;é‘%‘ RIRBP R AN SR EBFERS 18
KNLEREIEERE. 10T « I 7 JLEHREIRREE. R OFERRARE T RN N
MOTO72 A R DB REE 4, 1 8, B0 55 119
MOTO072 VY FRLSIO 28 O 7 F O 7 B8 O EARFFIERRT L AR, MMM BGA, EH R 120
BN, F L RE i BT, BN =, %
MOTO81 FILY - VIREBRE L OHHIIER ;PZ\_ TH AT REAE BT BN R o
MOTO081 FARRAERIBESROFE Al BF, BN B, K8 N— 122
MOTOS] C‘VS;L%?SFH}E@%E*&CMOSEZ’KEHEE%ﬁ\ FFEIB&EE. RUHERERE HEE B MR SH B 122
BEDRRETELE
MOTOS1 CVS}%Z_&WQ@%ﬁtCMOS%ZKEWTEE%E% FFEIE&EE. R OLLEREIR HET 1 S5k B 9E HAL E B, Sl R 123
BORERIE
MOTO081 RRESERAW R WREEEE IS NIy ROAVE DY INBF B, £ R, A E3 127
RO180710 oA X—ItEVHYTEG % Yunkyung, &2 8, StE 3, S5 B8 136
ROT80710 CMOSTFNAZRDFy 7 - Fv 7ARIES DEDMIFEER/ 1 FEF | MR B, EE ZHEF EOX, Y992 Y 138
TEG Z ATV NG B
o BE r\g "‘ 5 I, 1|5
RO180710 BERAT+ 057/ ADTEGHE OB O IR R B8 0, B B2 BUR BN g
T2 2R RE
RO180710 IR AASICOTEG BN R, B A, 515 & 138
RO18078 DMA 72 h[El# 2 WE, B ft, hA G 128
RO18079 TEG B R, A a8, B1% 52 133
RO18079 EFRA®RET 7 F OV ERLKTEG (TC2) TER =, FHH &iE 4K G SH & Al Bk 134
RO18081 RFEIEEERE D 728 DTEG £ VCODRIE K= B A HF, FE EE 142
RO18081 REHRIRHAASICOTEG B R, B A, 515 % 142
RO18081 Uy IAy YL —4 DEEEEAL2 B0 X8 143
RO18082 I\ TEBEEIESHMER T E G £ IBER S5 &, & —55, Bui Trong Tu 145
RO18082 HBEAEEL L OREEBRORRBTMATEG ARAK M, B 3, 8 5 0\FF FE 145
RO18082 289 05— RELBERRR VY — NEIEE 5 D EFHEATEG FH BB, Ik fI, EFF R 145

—
o
w

I[N W O



o
N

ISR N e S i

RO18082 RFEEE 07 DTEGEVCO - LNADEE KE B, NA KF, B BT 147
RO18082 SRR FRASICOTEG B fER, B8 B2 147
RO18082 Uyt Y L—5 DESEENL O X 149
RO18082 BEAMSIREES PR B3 K B, A BE SE B 150
= i E e PR——
RO18082 A RRRR 7 07 EREBTEG (TC3) BUIESL, ER AL = T RS SH B RS |
T
B Y, 1L = =M 8 =
RO18082 AURRRG 7+ O/ EREHTEG (TC3) B, LROE RE = SR BB SE R RE |
T
RO18083 LSRRI B P EATEG- % %18, =5 =, Bl A 151
RO18083 LI B MATEG-2 W R, =38 A, P =8 151
RO18083 ASKEBES. #EL0. ZOMTEGES BJI| R, Bl 5T, BB s, Il XIE, B 152
RO18083 ASKIEHBES. H&L0. ZOMTECER BJI| A, Bl 5T, RS st Jul XE, B A 152
RO18083 SR L E S EBAFTEG B fER, 7 45, BiB 52 153
RO18083 H— R UV I B EREF LD DTEG PPN 156
RO18083 ASL—5Y Y TU Y S HRE R T (2, B4 BE Tl 8, BL Fif 156
RO18083 PRSI A NI AR Rl F— AUl RE, B 58 157
. ML e ——
RO18083 PRI 7 F O/ BRESTEG (TC4, TC5) BIIESL B HLE A= T B8 SHE R R |
RO18084 BB ENE ./  XEPEEE Bl 2, G B, KR B 160
RO18084 BB ENE /- XEPEEE Bl B, G B, KR B 161
RO18084 AR ENE /- XEPEEE Bl B, B B, KR B 161
RO18084 RIRSEIE /- XEPEEES Wil B, B Bx, AR B 161
RO18084 RBSENE ./  XEFEES Wil & B B, AR A 162
| S 1L s, =M B =
RO18084 EUFERA 7+ 07 EREHTEG (TC4, TC5) BINEs EOK RLE = T BB BH R RS | o,
T
BA X M5 , ¥, XTI \VA )
RO18085 CMOSEIIE 5 > = BAFFTEGEE HEBR AR FE, LOH YT 0¥ 2 I\ 167
Ty NE B
RO18085 1. 5bitTEMA® 8bit Pipeline ADC ER B B ED, NE B 169
RO18085 BECMOS 7O REMW ABBS £ UA Y F v TEIRES gszfgﬁ E A Rl BEA-RARRE | 10
BA EX M5 , ¥, XTIV \VA )L
RO18086 CMOST /X1 ZD™ T )\B, ™ x/\W, ¥+ MiE5>SRATATEGRTE HEBR AR fE, L0 YT 0¥ 2 1\ 174
Ty NE B
RO18086 AVF 9T« RIA S IA ¥ STEGRE W i, BE BB, A R 175
RO18086 AVRL—FFLA B fER, F AF, B8 5 175
. N b IR g2, 1S 3, )11 498, B 4642, /LI #A%, 7
RO18086 BARTEOREERSE T 3RENEORIE fioglpion 176
SRR =, )| 19T, R A,
RO18086 Ry N OBEREE RS LT A —7 BRI » OTEGHE 167 % MR = B R BRI LB RR |
0 2, 1T ER
RO18086 1 A=t Y EABERBERTEG IR &, HE B SE R 178
RO18086 SO/ XHIETEG R 2 179
BA EX M5 , ¥, XTIV \VA )L
RO18087 CMOSEIRIC 45 13 280515 5 D = MRIFFTEG sl L At Tt 182
PN F
e R DTS ] ~) Ao S | BRAEKR FYYY =7, EO X XY TVa \Y
RO18087 SISO S RITROEKEZ Y 5+ L — S TEGHE Ghetts 183
PFTIURE
Sv4, 5 4 kL e BEE
ES6507 FFOY - FUFIERY AT LSO HOE =5 BREKD B 1B I, # KB KE B 11
ES65082 FFOY - FUYLMAESABES EE B 116
ES65082 g;;ﬁ CFYUYIREY AT LLSIDES DY A F Iy IREIREE=Y M E, I LB ATE, B (5 KE & 117
fad
RO180710 BB RS E RO B Bk, WY 24, B %, 40 S, %E fi— 137
RO180710 BRI BOESEREBHWI) =g=r 140
RO18083 ° B R, T 0, Bi% 52 153
RO18083 BIR A XHET 274 TFHy 7 T ERTHEF v 7 e Kt 156
RO18085 10% v RILEFH » 71U ¥ 7 BASIC B fER, BiE B2 168




RO18085 V7 KU PERANGEEED A S ERAE BA £ &7 H AR CE 171
& ¥, S E 28
RO18085 ERRRAEGT 77 LAY RIE (TCB) E) | B LH L F— TR SIS, SH R 5 172
T
RO18086 WRESTEY IV IV RTLRF Y 7 (W2) o &t 178
Il &2 ¥, 12 25 , ZH
RO18086 EFAREIT 717 LRV SRE (TCT) E) | B £EK L FA= SR SIS, S R 2 179
T
|| & Wk A= 5 = -z
RO18086 ERBARAEGT 77 LAY RIE (TCT) E) | ESh B0 HLE H= T IS, S 180
T
RO18087 BEERXEA—T V)L — TR Z AW R/ 751 >V ADC NEB Bt B £ AR CE 186
Il & ¥, HE B g & , ZH
RO18087 EFAEREIT 717 LRV SRE (TC8) E) |83, 0 X WL R 3 RS S 8, 28 187
T
1| % ¥, A A ” g5 | RH
RO18087 BRI T 7 LR Y ERIE (TC8) Bl LR L f— S BB BH R RE o
T
ZFrAJ/FIIIESLEBETOEYY
%] Y 14 ~ L m R & BEE
ol b 2 S ) W S _
ES6507 B YT A X0 ITNTOCYIOTOCY SV TIUAY MCAM- | sop s trms sk B8, 70 18, b B 110
mad e
ES65082 MY IV T s¥v 37/ 70% Y PMUCCRA-3DFE KRB K05, o3 B NER B, Bk S5 113
RO180710 A—FRY N VI—T A IFAUE R K, 28 & S B, %A HBiE 136
RO180710 LDOD & Th@iEInE O mERIL el HENG SOCHEAT, 8 22 1] 140
RO18081 /:Oxulti—core/Multi—chip Scalable Architecture of Associative Proces- Bui Trong Tu, %M & 141
RO18082 {EBEERIGE S X T AFIF 158 MS/s JPEG 20000 —7"v 7 LS| THE BE—, Rl E= H S 144
RO18083 NILFEY MARTZIL TV Ry IR FOT /7YY IIVELRR RN —H, FIfR FEX 154
RO18084 ET—YFAMERESEIHER IOy Y M2 thK, 4H B 159
RO18084 REE - TNy U - EWIEEFPGA =HEE BH &%, i)l 5% 163
RO18085 FAIFIWFERARTFOY - Y R—MRI G-IV —> ZRE kA E 166
RO18085 CMOSIBRFIE RIS = FA L\ e BRI H 77 - 0 V£ BB R TEG EH B KHE 166
RO18086 A Hamming Distance Associative Processor Employing Time-Domain Bui Trong Tu, %M & 174
Techniques
RO18087 BREEEGLERVARERRE 7Oy Y EXREBEA KR B3A ¥FERE 181
RO18087 WIMAXAY —RF—1—% FH B, B BEA, MR XA, Fk EE 182
»77>0% (PLL, A-D/DC-DC Oy IX\—H7 R E)
ez Y 14 ~ L mr E BEE
ES6507 ) 2= M 0 ZE #, tH #, X[ HiE 110
ES65082 ERFTEER T EERY Oy ¥ EREEK Bl 7, BA B8, hE X SHE 114
ES65082 NV TZ9V R - FIYIFBEZRWCRBIEESN A 2 ADE R BIER, RERK, #HER WNREE E0E2 114
ES65082 BRUWBESEADHDOEMY > 7 > J B AR B ERK GBI B B 117
MOTO072 F v MR EHAIE T ILREE O S E B BREL AL A 119
B, MR 85 = e, Fl ,
MOTO72 EERERORE2 AL BB, IR 488, WL Z0%, R B, I A, D 120
B ¥
MOTO072 TREIRIRER D RIE BHEE BRXE EBEEEX ZOTFLXLTATY 120
MOTO072 TYF v T FMBOEREY AT LDOEIE BHELE BRXE EBEEX ZOTLALTAT7Y 121
MOTO072 IEER AR ER/IMEREE R EH 27, 5K X&E, Bl Z2, 5 —N 121
B BEE, BA #h—, RO B, RZH BX £ F 0%, F
SEEEIEERL e A - S v - 7 ? ’ ! ! ?
MOTO072 TEEIBIRSRRETRUE -KE - BEEETF Y T T 121
MOTO081 HIRERE ST F v 7TREIE ETIVEEREOEE HE RELWE RN, HLE & 123
MOTO081 SREIBIREROEIE] Said Zineb, &)1l #AXER, f1H fF 124
MOTO81 DC-DCO v /\—% HALSIDRIF Il IEH, ¥AH 864, BH R 124
MOTO81 TREIRIRER D EIE BHEE BARXE ABEEEX —OFLXLTATFY 125
MOTO081 TYF v T FMBOEREY AT LDEIE BHEE BRXE EEREE ZOFLXLTAT7Y 125
MOTO081 ERE YRy T — RO EREIHER = B, HE B 125

—
(@)
o1

I[N W O



—
o
(o))

ISR N e S i

MOTO8] IR EE R AR B R BRI B %27, $K X& BE 22, 860F —n 126
MOTO81 EVHESERET BODART Y TDER R KR, BEE 2, Bl —N 126
RO180710 REBNRVEIRMEERTF X HE BOtHH OXHE BB,y IS5 135
RO18078 PSR RALR I 7 (LY AfR t—, FE T 130
RO18079 AU Fy TEEOIE SEH — RHHE HE, 1B ENEE I ERES 132
RO18081 EWT ¢ ¥5 )LEEEFRIRIC KT U o BARMEE OFT 506 U mER #A BA, A 0T 143
R0O18081 YRy NT—U Y RT LERER | CORME B B4 AN RE (B B, — 2T LR LT 7Y 143
RO18082 ZABIFAPLL ZE W 144
RO18082 FOINEMT 07T /A Xk v E5— BB W OBE B ORE B, 5y T5Y 144
RO18082 BEEEBHZEROLOOTF O ER AN B, L S, 11 BN, A0 FIF 148
RO18082 2= N—Y L RIREIHTEG RE A, T A 148
RO18082 EFESEY YU E S URMEMOHDOEE (B3) W N 149
RO18082 iﬁgﬁzyayﬁax URMEMBBO OO/ VOB +EREE | o0 wn e 149
RO18083 EEEBRT— NEGRE A > ZHSG & 2 OERREH =B &— BTH i, AR FX 154
RO18083 BB E A\ ADCE Z DEREIS BTHR 2, AR K 154
RO18084 SYFEMVEIVL—%, ASADERE 160
RO18085 1VIUTF/ 7y NEEERBERR 7 ¢ IRy 7E#— | BEM o L AR 169
RO18085 AVFYTHYTYYTAYO AR 8, R B 170
RO18086 ZAREMITF Y I TUVITTLILY s HE B BEE, 0K & il BE 174
RO18086 DC-DC/\—# HEILSIDRR )11 5, YA BGh, B K2 177
RO18086 RFIDA®ICY & itk %é{éiix REERER SATAALTAT | gy
RO18086 VVTH/ 7y NERBRBERSE F v IR TEE— || BEM o, L AR 177
RO18086 EHFESEY YV UH S URMEIMD IO OEE (B4) Bl A, L0 Bt 178
RO18087 RAYFRFVIVIDRA Y F V7 BIRBIKER R BR G, NE B, BR #he, 58 R P8 B 181
RO18087 TVENERIBER/ Y & U T AZEFRRREIRE TR o, B A, & 82X &iE 183
RO18087 EHEENA/DEREOKE &4 B, Vo Tuan Minh, 1% 13 185
RO18087 AYF v TEES LUHRY O v & HEER B H—, RHE 5, B AT, W ER EE B 186
AX=IEIY/AN— VY

Sv# 5 4 kL A BHE
ES65082 BEREEREANDERZENE UEBET A Y BH WA, TH 5 A0 2 114
ES65082 BEBREA>YF Y TINAFA A= £V YTEG g;i@%i f{;} ;%ﬁ 7P SEE BN AR
RO180710 HEBEIC & BEREAT 4 NSV YRIT LA IR K, A S 139
RO18079 FHRGE(SIC & BUBERMAE T 4 ~ SV IRIT LA I K, i 133
RO18081 Digital-Pixel-Sensor% F \\ /= SRR R B {&4F #0m H VLS| R BAIE, SEH B 141
RO18082 BEAEL LY YATEREDE A 148
RO18083 BEAEL LY YATEREDE Hk EE 155
RO18084 BRT-NRESRTERAZREETY V7 LY =i s, 18 X, KA B 159
RO18085 IOy IRy FUIARCMOSA 77 « A7 O—t >4 — B X, S B 165
RO18085 Rt Y RREREEEE WA EE 168
RO18085 RBTRAEREEE B OCMOSA X~ > R Hi— 168
RO18085 1Gbps X 4chHAERLANBE Y a > F v 7 Il B8 173
RO18087 A A=Y OEANEES - BB £ CHREI B RES e e DU TR ER KB ARSI | g,
RO18087 b U A B X~ VP TEG KK 2, 54K BA, BE EZ 184

Z DAt

Sy 5 4 kW A BHE

ES65082 SYNILEVY R 9% £ K I BX 115




MOTO81 CMOS7 Ot R IT &k B HEKEE Rl =—, Al KB, REH &3 127
RO18083 LT 27« T 5 OHR T O — 7 TR 5 E T IBERE DRI T m— 157
RO18084 CMOSSEIILT &5 « TR 70— WWE TS, AR S, B 163
RO18085 EBEEA W 1 XIHEDRIE & ERET OS> SR WE T, S 9, IR, B S 171
RO18086 )08 2 OMOSERILT 7 7 « TR TO—7 W TS, IR 0, R A 179
RO18087 EIREES s BT 2 AL AR 1« U5 LiEREIL — > B SO, (AR 18X 184
FITFES
svg 5 4~ L W ox = -
RO18079 ERSREBRENRE LS EEAEERE T B, 25 % 131
Za—7v/8Y
Pz 7 4 ~ woR & BEHE
RO180710 BEEBE L THET 3 X T U OEEHE sk %, EE =R, Al —&, I B, 50 B8 | 135
RO18078 E7T055 7 L/ AVPEXDEA BB it O, )| T B B 130
NA4O70tyYy
svg 5 4 0 W oR o BaE
59y TYRL Y s W ;
ES65082 Hot Swapliii i 2 /- AR 7 —% 74 F v i KL VLD Bk B2 B8 2 51| g
/N
ES65082 FUHAL - NTD=—FT 4 VI EBERUEEESAHACPUOT FiExE DR 117
ES65082 EFEAYr7A70yHORE R =T 118
RO180710 XY R[EEE2 ¥ BAZE 22 L St A, XA FHiE 136
RO180710 XE 2B 3 W PE 2A M BEE, 5E 58 137
e it %25, SRR $, MK K, 2098 I, A S,
RO180710 BHREEF Y 7L OA Y F v TERBRE EE T B P 140
RO18079 X e 2 e . 131
RO18082 ARAIDAZE Y Y RS SNIE[LE A EN, A EE 147
& A8, Dawood Alnajjar, ill =2, 4 B8, B.L
RO18083 (R TR R T R ER O ;gﬁ awood Alnajjar, Eill £3. 14 BE.BL |
RO18083 SEVYRNATSy7OatyY EZ WK EEEEE. A E 158
RO18084 XY RO 4 ¥ BAZE 22 # St XA FiE 159
RO18084 HCgorilla 5D FAF FHE —i, B Bk, kB REBE 160
RO18084 RISCEICPUDERL g ——— 162
RO18085 AT 9T T DRI i AW, B8 W BE B, 2 18 165
RO18085 VSPEHERT v 7 St 2, ek R TR R, A TE 160
RO18085 SR O 5 HREBS & CENBEET v 7 ST 8, TN RE, MR A A B EE R | 170
RO18085 32 Ev MMIPS B8 )LF Y 7))L 708y SRTHE B, 7% EN, B HK 171
RO18085 X7 IO FDEBDA S F v T =5 DEE W BT, B A DA BR 172
RO18085 32 v MMIPS BV )LF Y 7))L 7Ot v EA2 K, SEiH B, &F EN 172
RO18087 *2F o TEREES & CABER B %—, Fok M HE M, AT B BE E | 185
XEY
Svg 5 4 0 W R = B
o o S (), 601 KO, B0 $76, B 25, LD 0,
ES65082 SEBEELSIOO DT 1« 25 T IJLSRAM & 580 8 A KE 117
RO18078 SFQ/CMOS /\«1 7 Uy RXEYHRG4kbXEY A &5, F BT 128
RO18079 SFQ/CMOS /\«f 77U w RXEYUR64kbXEY A4 &L, FI 51T 133
RO18081 SFQ/CMOS/\1 77U v RXEUFB4kbXEY A4 &L, F 51T 141
RO1808] (B8 REFLAERATEGRUA T U EXEE MA 15 B 5 A0 WA ) B 142
RO18083 BARTRY NILTF—IRIESRAMTFRAKNF v 7 B 2555, R 5hfE, kA B 151

—
o
]

I[N W O



—
o
(03]

THEN G iR

o
54

Of

RO18083 SFQ/CMOS /\1 7w RAEURE64kb X E R A &5, B B KO #X S ET 153
RO18083 SRAMEMEY—YVEHET E G P IR, A e 155
RO18084 SRAMEMEY—YVEHET E G P R, P iz 162
RO18085 SFQ/CMOS/\1 7 Uy RXEYHG4KbXEY MA &%, KO #K, F)I BT 167
. _ . I SEBHTFUTY YT MR EE K B, YU
RO18086 WAL ICE (T o EAE X E U S F Y 7 Y2 AVZ - LS JIE B 176
TG T 7 R R oy . WEHE BE S'B S 79U =27, X502 \Y
RO18087 FERERVOSRT—YRE(LeRRUIEEXEY 2 - ALY N B 183
RO18087 8bitf#i 5 SRAMD R ET & HE TR 5, Bt B, 8 (AT 187
ERER(GERESE RESRGE)

SV g 4 ~ I wmoR & BEHE
MOTO81 LDODBHRED = H DHEER HENG SOCHEAT, # 2 124
MOTO081 BEE - EHEENHETREAEEEREREEOHE B+ & 126
MOTO081 BIEHEBOMAMNY 1 3 v J CMOSHEL D HIE B BARF— 127
RO180710 RV IAVTFTORSDEILZA T VR LVTIZILERE e EK ZE M EHE B XA FHiE 137
RO18078 WIEE/KZ N DY Y25 Z AW REER £ ER AW E—, SN ET 128
RO18079 BB/ R N5 Y YR 5 & BWINE R & BrEE SR ER 4l ER F)I ST 132
RO18082 Stream cipher engine D BAH P — I, R B, e AR 146
RO18082 WrEEI/XR NS> Y RS Bl AW e RE D] 4H ER, S E1T 146
RO18083 i%kﬁt)b%ﬁﬁut%\y FRESDE. FvIRIESDEOFHMEEEDR Sk —E, B B 158
RO18084 BEEHE L% AV o i SR o FHHE 2& 0 SE WA —8, P RE 163
RO18085 2REHTIICH T ZLSIHEEE Y K PIS K7, B8 B Ot B XA BE 165
RO18085 144 27 JLPPEDR Y N JLARKEIR I B, S B 166
RO18085 WIEE/CZ N5 Y Y25 =AW RERR £ ER AWl IE—, SN ET 167
RO18086 ALURAE @K N, B fA, KIg§ B 175
RO18087 ERINA TZA4 VHlEIcED 256y NLDPCFI—% SR BE, A B, Al B, PE & 184
RO18087 EAINA T o4 VElEIcED<16E Y NLDPCFO—% SR Bk, WA 2, AR B, P4 Hih 185




#(E (RFEIEE, ATMARE)

Sy % 14 & L m R & BEE
ES65081 IV REEMALLBERT—YBEREEAUWBL SV —N TIWAIL= Ty, AR CE 20 BIA 112
ES65082 I URBECMOS kY Y —NER(ICEF . BEREEOFIE. RU65nm~ | BEES £, Badalawa Wasanthamala, EXi ¥, Lim 13

O+ ZICH 1 ZMOSFET L EEREDET ) V7 Seongwoong
ES65082 IUKRE IOV IR TIVEIRS ER K 5F 115
ES65082 SRTVATLEBICAIcF Yy TEA Y57 —ADRK e E— DR Hr, A8 CE Bl BA 116
RO180710 RFFSD2ERVERENZ Y Y — /-1 &, A8 A BHE B OXHE HiE 135
RO180710 AEXIDAZN Y ROESLEL R A EN, IE FEE 139
RO180710 ARNBEAL Y YE L OESLEREE SEP ERSE, MK EE 139
RO18078 AEAEERAtEYYH L OESLEE SER BSSE, MK EE 129
RO18078 AEXIDAZEN Y ROESLIEE R A BN, K EE 129
RO18078 AEXBER7A NN Y IRYTLA WA EE 129
RO18079 BENBHEREZERATEGD R F P RRK, 198 2K, Bk X, 4t &X, E fi— 131
RO18079 RENBHEREZERATEGDHE P RX, 9% ZX, Bk % 41| =X, #E #i— 132
RO18082 E;;f:7%ﬁ@»ry9:|*7 N EFB U /A A 2 Y mEd ERERIER Y 146
RO18083 ANRA ZIA &0 9 THITEG & RFEIFSTEGD H{E FH RR, 198 2K, Bk X, 4t &X, #H fi— 152
RO18083 AEXIDAEN ¥ R OSSR E R KN BN, K EE 155
RO18087 %;?“27'3’1‘%’34‘/73*7 N ZFIRAUf/NA Ay TREiT RExEZER M ax £E B BE RE 181
RO18087 IEEEBHRIOE(E BB EEFEMRPA RHFS LE R = RI1E AR (CE 186

—
o
©

I[N W O



—

3. 3 &BFvITOFM
ER19%FEe-Shuttle CMOS 656nm XA M Z Y
(ES6507)

7O0RAESOZFZFALEFY 71D DER

RRAERHEER Y AT LR ERAREY Y — ZE #, HHER, X0 B

BEE © LSIDHA OEIRITIRET 51220, HRR 2T 7 ICLSI BRI ND LHICKk->TETED, oL E/ICEEDID 22
JFCHRBIRE %5 %2 2 REID S E 72 5. AFETIHEFEDA Y ¥ —F CMOS 7’rk 22T, A—D<A27L A 77 +ThH
DRBOHE TR ATELDZ I VP AYRED T VLRI DEERFIHT LI LICKST, Fy 7 IDEAEKT 5. HERAED
Tut AL OEREE 2T YA 71, MARCHED A b7 PRI &) RREEROLEAIC, FHHES ID 21
TRAMESRH ), BEDSATFANLSI —Lh>TLEIZ LIRS, SHEOFy 7TliE, IE6-5F %2 —-HMIFL TH 5 2T
B2EICED, XD TRELRy Fv 7 IDOAREEET 3.

SRSTHARG © 1 AHBLE, 2 AHRNE &5V —JL @ Cadence #l: Virtuoso, Synopsys #: Star-HSPICE, Cadence #: Analog Artist,
Mentor £k Calibre, MY ZXZE 10,000 DL L, 100,000 A B4ET > - e-Shuttle CMOS 656nm 2. Imm & F v 7 Fv Ji&E
Al P TEG (RpikSTAmE 2 &)

R EZEIBIEE 2R

RRAFARBEEE Y AT LRSBERAR EV 5 — ZE #, tHEH, XHBE

BE : 7ok 25 MoEEIck D, BEETEMETT2 K, 7y o228 ERAELTWE. 2R, BEAATYFa/E
BEERT20TIERL, BHAATT Fu G52 ERT 2R BICH>TETWS, B 66nm 2 EOMMN T 7 et 2 % H
WAL, BIREEIX IVEETHZ —HT, 4 N—2EEE 10ps BRETH h, R ATOUIEE W HBHEATH 5.
7 u ZESAHICE W TR b IR &N & F ZIEESTH A ). AF v 7T, REAmTO 7 e 2G5 AR T 7 0l
ELT, Wz 2 3G L, L 7. DLLICEBIL 27 4 — F Ny ZHilfiZ w23 2 &gk D, PVT 356D E IO
FEHIRIRIEE 2 FZBLL, +10% OBFLBICH L TEL 4% D7 A YA A S LB TER

SEE 48, B, M, i, "Time Difference Amplifier using Closed Loop Gain Control”, 2009 Symposium on VLSI Cir-
cuits

SREHEART : 1 AHBLE, 2 AH&NS 5BEtW—JL : Cadence %k Virtuoso, Synopsys#k Star-HSPICE, Cadence #: Analog Artist,
Mentor #t: Calibre, MY ZRZ% 1,000 DL E, 10,000 A5 S4EZ > @ e-Shuttle CMOS 65nm 2. Imm f§ v 7 Fv 7i&E
Al : 7w (PLL, A-D/DC-DC a v N—# 7% ¥)

BRIV 70X 370070y 070ty I LAY b Gamma DFEE

EREEDIAPEIPHRER TR KE xiE, E2F &, N B, Bk 58, i X

BE:®NYary7s X 7707 0xy i, HAEZRERS (Processing Element:PE) X €Y % ZHIE L 7-#iE%E b
TuyHThbH, FEfTL R OHENTCERR L ZE T 2 BV EMIEREIC X D, BBk & nESERE2EZRT 5. AR
fETIX, 16bitIED ALU L LAY 774 V%2bDOPEZ Ifle, HET—Y %272 2€) (SRAM) Z2fEElEL /270 b ¥
4 7 Gamma ZEHE L7z, M, HEOPEZWETZFETH %A, 66nm 7ut 22 FH L RWDT—7 77 b ThHot
Olz, BJit7 o —MrEEEL, 1HOPERRE L. Lo 7T, B ML LTR—BNA~A 70 7oty HIOEL 25
73, PE N OEBBERIIENVFHMRSTHETH D, 72, 1DHOXE Y6 F—¥25AF L, PETHEZT, 22OHDAEY
WWHEHT, v A MY —LZAEISEVEESTRETH 5. SR L AT v 72O TEHE 2T > 72 & 25, 40MHz DL _ECE)fER]
BThot. £/, ZOBOMEBININIMWBITTH-o 7%,

SREHEAR - 4 A BIE, 5 AAKNE |/EHY—IJL @ Cadence #: Verilog-XL, Synopsys #: DesignCompiler, Synopsys #t: Astro,
Cadence ff: Encounter, Cadence %t Virtuoso, Mentor %t Calibre, NSy IZXZ%: 10,0004 F, 100,000 A& HIES > :
e-Shuttle CMOS 65nm 2. Imm f45-v 7 Fv 7Rl : 7+ r//7P 8 VESUH 7oL v

BIRINA P AR, BEMIVIRAIRUT— NEERS D ZFHEATEG

RHBRFRZREREARE FH BEZ, 8 A, W EE, W TR, NBFF FER

BE KTy 71, EIEE 6D EFHITEG, A 7 AR TEG, DCHIE TEG % & (HEMEEM TEG @ 4R 54 5. DCHIE TEG & v 7 2Tl
EL, BYDOTEG IR Ay r =Y 2 M0THIET 2. L S 0 &7 TEG B 7 — MEM, LA 77 ME0REL22) v /4y L—=4 (RO) Dty M %
TUARICERL 2§ TH 5. RODRERABIE52ED S, MOSKED 7 v 7 AIE52EP LA 7Y MEEEIES D& 25T 5. DCHIE TEG 135S v
A= 4 20 PMOS, NMOS Bkt % i3 2 HETH Y, 7n—C v 7 Ick MERTR . HAA 7 AHE TEG 13 RO SR M 5 b B FE A7 % 1
ET 50 THS. ROZMRT 2%, EREEOMMAEDE IS 22 RE AT 2. Wl TEG X2 €y FINE# & 2 A NAND L % Bk CofiER
THHETH2.

ERETHAR - S AAMIE, 4 AARN REHY—JL @ Synopsys #: DesignCompiler, Synopsys#t Astro, Cadence 4 Virtuoso, Sy-
nopsys fk: Star-HSPICE, ~Z Y I ZX&# : 100,000 LA &fEZ > : e-Shuttle CMOS 65nm 2. lmm 45 v 7 F v Fi&Hl :

TEG (FetkETAfilales 24 &)



(1) ZXRTRERAITISEEEBEATEG & (2) F52FZ2FT HISIM EFILZAWVWERIFED FEIFE
EFFfin = DEliE TEG
LERZEXZREIRMERZHRR sHEB
LEEXREF/FINAR « NA ARERIZHFTER RV N\VR WYY, NELE HiEFE EOX
BE: (1) =ZXoud v 7HEm T EREER A TEG : BiMEHe Hu/-=X0F v 78 A7 212 & ) @dbossiifEsn
W32, EEEMIEEIEARIC R THFERBR DK E Wiz o+ GHz Dl EDBESEEE 2 KN EE T ) OIXEEEE 24 5.
AEAME I EDBE MmN R ZERE, EEEMORMEZBE L 2EEBETTAPE =X I vy I v ERERL 2 TEG 23
FhesfEL 7. (2) X652 F 2 & HISIM € 7V % Al 72 [l REE O 7S BEGTT o 72 0 D [a] % TEG : B Hi o b i £
Vv, #EX SO FOMESTFEICR S TETVS, E60EIF, K, SRAMS®r Yy Z0EZL EICE W CEEFEIE% T3
Mickz, 22T, B6D0E52FE LI IV PRIETVEBET 20D FA—=FHBHATEG - Fv 7H (75 L) 35
o XMl ] TEG 50 (BiEes, X €Y [SRAM] , Vv 74 L—4RE) 2 - MEL .
SREHEAR - 4 AAMLE, 5 AARNE |/ETY—IJL : Cadence #: Virtuoso, Mentor #t: Calibre, Mentor #: CalibreRC kS VIR %
10000 E, 1,000 4 SHES > : e-Shuttle CMOS 65nm 2. Imm 45 v 7 F v FH#ER : TEG (FpM:EFAfalE 2 &)

FTINA R« ERRAFIEE S D ZF OERAIEES

RRIEXRZHREMER % —&, AR R, B &L X EFE ELEZ

HRIERFHREEBETZMRR FALLl #EEA

RRIEKRZEE THHRRR RE G2

RRIERZHREMTR FRIR 35

B LI fEio T, b7 PRI OREIZ S D E DN EIEEFHEIC KT THENHE L 2o TE TV 5E. KEIETIE, 7514 ARk

;E‘fo DF, BLUORIBREZXSDZZMET 2MEEZFRL T, 74 ZRMEIES D ZDBEMD 720, 7L A fEkZ v CHiar
WKERBBDO LI v PR OffIERE Y 7 ALY a L FEREZIE L, ZOZMNIME LTy THoafmz KR L 7. £

E%ﬁ’l% I62FLLT, RVATY7OA 7y FPEEICEHL, RN 7 ULABBICTE 72y FEEZHE T 2 B Z (ER L

T, ERTFANA RAIFeoE L OMHBEEFEL .

SREHHART (2 AHBLE, 3 AHEN 885V —JL : Cadence #l: Verilog-XL, Synopsys #k: DesignCompiler, Synopsys %k Astro,

Cadence #t Virtuoso, Synopsys f: Star-HSPICE, Cadence #: Analog Artist, Mentor I Calibre, Mentor #: CalibrexRC,

FSYIZFZE 100,000 80 E HIEF Y 1 e-Shuttle CMOS 65nm 2. Imm 55 v 7 Fw FH&Rl : TEG (RplEFFEAmIRIEE 42 &)

73OY « FIVIWRE AT LLSIDI-HDE= 5 EREIEDFHF

HRRXEXRERTFHARE 1&H &, M XIE KHE

BE  AF v 7%, &ERT A Az Hwi7re s - 7Y YOVREHEY AT 4 LSO ATBIREE = & 1IBI 9 % ZLE 0% 0 B 7
&, RFuvRicka7Fnus - FOYVEBLSIHRIBREOMELHWE LT3 [1] . BEANAERNE IR, O6nmiks
NAZZ T =S NI 7a ey L, QK70 ZIORBARAERT N4 A2 w7 Fu ZHEARRKTH 5. Wi#HIE
8ty F 7 7 A0S kit y FEATHZNA vy 3 ThHD, SRAMX®Y LIEHT 5. 8513, 7FHu KA E LA
W7 v 7P EBEBIERAERTHD, LIVET N RE L2VETANAL A2 T THERT 5. A7 R T v 7OE#EEHKIC
DWTHIRHE D OBEIEZHER L TE D, BIfE D FEMEHIGz /i L Twv 5

SEXE : [1] KH, ”7%n7/7/7wwﬁ%/7@%ﬂ7u— , eShuttle 65nm 7 A il fERGEH 7 v — 2R
VDEC FH#EIHI R —

ERETHHAR 4 AHBLE, 5 AHARE 5’5HY—JL 1 Cadence #: Verilog-XL, Synopsys %t DesignCompiler, Synopsys #: Astro,
Cadence fl: Virtuoso, SII#: SX9000, Synopsys f: Star-HSPICE, Synopsys #: PowerMill, Cadence %k Dracula LVS, Ca-
dence t Dracula LPE, Cadence #: Dracula DRC, Mentor #: Calibre, Mentor #k: CalibrexRC, ~Z I X &% : 10,000 L4
k, 100,000 %  #HEZ > 1 e-Shuttle CMOS 65nm 2. lmm 5 v 7° Fv 78Rl : 75 7 PEE
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;204 E S 1 Ele-Shuttle CMOS 65nm H{E
(ES65081)

MREFSDEICC IR NIV IRAYETFILHISIMZHAW ERFEDOFHEERI I A L—ayFEDHM
F

EERZF/FINA X - RAARERFEMAZKA  EOX, MEL, Y590V N\VX -2y
EEXRFRERECHYERZARE MR B, B EX S@F ZHEBEF

IN=p N gz =

BLE  BUERT oM I fE v, BUEIE S D Z ORESEHFIC R > TETED, RIKOEELHIRT 2 KRELRERE R >T0S, 2
2T, KRy R P 7P RS ETIVHISIMZHOT, O 734 A7 X =2 1E62EFDE TN, @ BIEEREXS > E Tl
WG T, 2T LIk, 202X >7. KfETlE, ZOHIRBELT, 7 P72 A% (HEMOS EL
THAER T XA —FHHICHFIH) , MOS 7L 4 (152 EDllHkEM) , V74> L —%, FBCH#% (EEHMEIRS) ZIERL
7o, BMFEBEOBR L, SEIZ1.2VOSVED + J v P28 2 il L e, BIEOIERDUE, <7 F 5 v PR ¥ L EFHIEGR O
MWEZKETLIZEZATH 5.

ERETHAR - 4 AAMLLE, 5 A SREHY—IJL 1 Cadence #: Verilog-XL, Synopsys %t DesignCompiler, Synopsys £ Astro,
Cadence fk: Encounter, Cadence £k Virtuoso, Synopsys fl: Star-HSPICE, Cadence £l Analog Artist, Mentor % Calibre,
Cadence #: Assura, Silvaco #: SmartSPICE, ~3 > I X %% :10,000 L E, 100,000 A5 BH4EZ > 1 e-Shuttle CMOS 65nm
4.2mmfys vy 7 Fv 7R TEG (REEFGR# 2 &)

2 EFEFAVEESET—YBERABEAUWB Y=

BESZBARETSR JILAL=Ycvvil, AE(CE EHEL

BE . ROiifics U 2 BEER T — VIR OFRLE LT, w4 7l (3GHz~10GHz) #FMH L 72 UWBERE, LI VK
(60GHz %) Z#FH L @S i3 285255 < 20, KR CMOSICk 2K a A b2 b 5 v o — A OELICEE T 2 e 235G 5

7> TETWwA. RitZETlE, 15-21GHz W CEIfE R BE bk B8 2 8GT L7, BT LR B8 PLLE 7y a v =Y a v - &

FHEOMREINS. PLLIZY v 7 - Fo v =2, (il - AT+ 778, Tr—Y RV 7, L=T 74 LI oMRINT 5.

ZOEERIF I8GHz DIEFLIE 2 ER L, R—ANVY FF—=F L I X2 v 7E3NTNAL - 72— XEH (BPSK:Bi-Phase Shift Key-

ing) EEHhENs. RATFT—F L — b 4Gbps DRI N, 2D L EDOWHBEFEIZ6ImW TH - 7.

SRSHHARY 1 3 AHDLLE, 4 AHAKM 25t —IJL : Cadence #: Virtuoso, Synopsys #k Cosmos, Synopsys #: Star-HSPICE,

Mentor fl: Calibre, ~ZYJX5%:1,000LL F, 10,000 K# FH¥EZ > : e-Shuttle CMOS 65nm 4. 2mm 45 v 7 Fv 7@

Bl @S (RFEI, ATMZ&Y)



R 20EEE 2[0e-Shuttle CMOS 65nm K 1E
(ES65082)

TITIGIEEEE Y

REARFABEEBR Y AT LARSBERAR EY 5 — ZE #®, HHEH, XHBE

RRERAXZIZRMARE Yy aAvsv

BEE : LSI Ofdfl - EROMRICE B, Fv TORMAR S ) ORBBHAL, Fv 7OMELLI &> THEFESA T 2 LI Ik TEL. /\ﬁ
i3, LSIABICHEE = 4 RME = Y FO /R v M2 R L, REIE BT, "Ei‘ﬁ“jig (hofe BIRER & B E NI C M22mE RE
Lih, £, RECGU TREBBCAT 2 HEER 2 M 7201, BESSOGAICEEREE L T EOMERBRE L - TL 5. SHOMIETR, 7c
no OBNBERERNHI B E LAY Fv TOREE = VR ZERL, Z0k#% 6nm ’C*ﬁaﬁ“é AR ISSCC2007 THREIN T 2 RERBEIEOE
WIREIECRE 2 R L 2 v =2l 5, 22T, MERHEER Y ) a v MROPEERCREIN TR, 70 2ZBOPELZIFICC LE VL) FHY
BHBEELIL, TRRAMDYA S L=y a v BHBRINAS TH 5 L) Rilnd 5.

EREHEART 1 1 AHDLE, 2 AH&NE 85V —IL : Cadence #: Verilog-XL, Cadence #: Encounter, Cadence %k Virtuoso, Sy-
nopsys #: Star-HSPICE, Mentor #k: Calibre, +;Z>YIX%% :1,000L4F, 10,000 £iE SIEZ > : e-Shuttle CMOS 65nm
4.2mmfyF vy 7 Fv 7R TEG (RHEETAGRE#Z &)

ES52>ZFZFALEFY 7ID DERK

RRRZERHFEER Y AT LAREGHERAREV 5T — ZE #®, S, XHBE

REXFIFRATE e X

BEE : LSI ofidL - %Fﬂﬁ@)@% EbBw, 7y 7ORMRERY L) OREMERL, Ty 7OREEMI &> TRBREISLT 2 L) ik TER. 5
i, LSIAERICIREE = 7 PHTE = Y FOREw v H R 2 HH L, (uufgifbm@mf D, HEOKE B GBIREE & R T TReamfE, RER
b, Ef, BECS U TREMBMICHAT 2HBEER AW Tol, BESRHOEAICEEREE L TR EOMEBLEL 25T 5. SHORETIE, 2
no BB ERERNEICLEL A 5y TOREE =y EEEERL, %@ﬁﬁ%%mnf@ﬁ?é §$%muI%c&m7f%%§nfwamﬁﬁ&%§®m
WIREEBOREE 2 R L e v — 2 v 2. 22T, MEIREHE IS Y 2 v ROYEER TIRESNTE D, 7o AZBHOFEZZITIZwE v ) R
BhHoEEHIL, TabAlOvL L=y a v BHENES TH2 L) Flnsd 3.

SREHEARE - 1 AABLE, 2 AR &EHY—JL @ Cadence #t: Virtuoso, Synopsysft: Star-HSPICE, Cadence #f: Analog Artist,
Mentor #: Calibre, KFSYIR&¥:10k0 HESY : e-Shuttle CMOS 656nm 2. Imm 45 v 7 Fv F#&R : TEG (F:a¢
fifi[ml 5% 25 &)

S YRFCMOS b5 y—NERICAIT-EREROHEE, RV 65nm 7OERICHIFS MOSFET &{EER
BOEFIVY

RRRKEXRZERTZRMARR BB =, Badalawa Wasanthamala, EXi %%, Lim Seongwoong

BEEE © SYEA P 7 vy =% CMOS 70w ATEBT 27010, Z0UEREOREZTI. 60GHz 2 V) A2 IGHz iz 7 7 v MCRITE 5720,
1Gbps Z WA 2 EREEZ BB ICEBHTES., ZOAVEFZAMTAOIELTwE7 7Y r—vavk LTELoNA 0N HDMI T, HDMIL. 2 DA% TR
1.65Gbps/pin Tdh 5 728, 60GHz Hi % F T HISESICER AT TH 2. S 512, 011 FPESH TV A EWIEDRET Y I MEIZEY, 5BA1EY 3
VER=ARZLETVE, ETA R EOREHBHPLHIER TS EEZ 605, 65nm CMOS 7 vt A & VIEMAESEET 5729, 60GHzH D+ 7 vy —n
RHBENAAICFERTE 20 Lifsan 2. 1L, VWAL 7 vy —ANOBEREFEOW, VALY =N EREBSRSRORER T, EEEHET 5. $7,
65nm CMOS 7' v+ 2 TD MOSFET Rk kD 2 7 — 7 7V E TV RAERT 272012, €7 v 7 TEG (Test Element Group) %fE7 5.

SZE@k : C. Cao, and K. K. O, “A 140-GHz Fundamental Mode Voltage-Controlled Oscillator in 90-nm CMOS Technol-
ogy,” IEEE Microwave and Wireless Components Letters, Vol. 16, No. 10, pp. 555-557, Oct. 2006

ERETHARD : 2 AHDIE, 3 AHKN 85V —JL @ Cadence #: Virtuoso, Cadence #: Dracula LVS, Cadence #: Dracula
DRC, NSYIZZE 100 E, 10045 SHEZ > : e-Shuttle CMOS 65nm 4. 2x2. Imm F» 7 Fv F#&Rl : #E (RF [H#,
ATM 7z &)

BrYIaY71+¥ v 370 70%€ Yy MuCCRA-3 D{E

EEZBAFEBTZHRERTFER KE xhE, £5F B, DNE B, BEEE

BZE M) avy 74Xy 770V 7aky 413, $ROMKELEAR (Processing Element:PE) X €Y 2 07 LA RICEE L -fE2 b 70k y 4
THb, FTL o HENACERER 2 20 T 2 BRI L D, SOEEERE L IR 2 HHT 2. ARMETE, 16bitiEOIMEE, 774, HlE
B, FRHEOLHEEZRMT2ALU &, LYAY 7740V $OPE% 16 (4xd) i, ¥/, F—FREMOAEY % 8fHCE L /- MuCCRA-3 2335 L 12,
MuCCRA-313, PE OBifE+ PEMOHARGRE 328 ) &%, B A 7 VEHET 20 TE2, FHLLFy TRV THliZ{To 7 L 25, RAK4IMHz T
EWT&T 2 OBOMEEIIH 1BmW Th o7,

ERETHAM : 5 AHDIE, 6 AAKNE |/EHY—JL @ Cadence # Verilog-XL, Synopsys #: DesignCompiler, Synopsys #t: Astro,
Cadence #: Encounter, Cadence t Virtuoso, Mentor # Calibre, NS> ZX5%0:100,000 L BHEZ Y 1 e-Shuttle
CMOS 65nm 4. 2x2. Imm 5 v 7 Fy 7Rl : 7 v /7P NV ESUR 7o v




—

FFEFEOBRFEH(LIRER VU EIREEHE T ZEEE S D Z 5l TEG

RBRERZRIEREARH FH BE, WE 83, Mahfuzul, A. K. M, =K £5£, /W 08, N&FF FE

BEZE D KT v 7L, I S E§Hli TEG, DCHIE TEG, MERMENE TEG & X O NBTIHIE TEG D 4 il 674 5. 1£6DEHf
i TEG DAy r = ZHAWTHEL, D DTEG A > 7 2 ATHIET 5. BIEIE S D 5l TEG IFGRBLE 7 — S, L
A 777 MRS, B X ORSREOBECHMARORL 2 ) v 7 Fv L —% (RO) Oty F2 7L ARICERBLAZNBTHS. 20O
WEIT S5O E D5, MOSKEHERISRDIES D E 23§ 2. £ n, p DAIRELE 2 BIRET L HZICHBTE, 136> DHENE
JEAREEM: 2 3T % 5. DCHIE TEG 1318 1 > N — ¥ ¥ 4 XD PMOS, NMOS HifkE: 2 344l § 2 [ TH b, 1£5 2% TEG &
[EIRREEN B % IS TR C & 5. NBTIHIE TEG 3F T O#4ESH L E pMOS 1IN 3 BROZA0 S HIE T 2RI TH 5. HE L X
Bl TEG (ZESEAICHLE L 72 7' 4 4 — FO@ERZ NI X b, TEGEEROF v FiEZET 2B TH 3.

SRETHARD - 4 AHBLE, 5 AHARM /5HY—JL : Synopsys #: DesignCompiler, Synopsys #: Astro, Cadence #k: Virtuoso, Sy-
nopsys ft: Star-HSPICE, +S > I X% % : 100,000 L E &4ES > 1 e-Shuttle CMOS 656nm 4. 2mm 55 v 7 F v Fi&EHl :

TEG (Rei:RTAmR#% 7 &)

=RTEERFEERES QY 75 EE

LEXRZEF/TFTINA R« INA ARERIFHREFT 4

LERZFXZREIHRERFZHER EXE—H BB XE EHE

BE  AFRETR=ZR00T v 7REY 27 A 2@ 7 vy 2 5O z2{To T3, Fv 7REY 2T A E&HRITES
Y, BAX 2 —DFEAE vy 72 5ET 5729, FEEAMOEENE 7 vy 7 iibligkE =00 v 7REICE-T 5. 2 DELE
oy 7RI A v & 7 Y AR I T 3 BRI EERIRZ R 3 2 L TR E MR-/ 7 ay 2 20T
5. ZXouF v TREEICH T 5 -0 EEEMIC X BERETF v THERBAT 2 HAREERL, KRMEF v 71 id E@EEM IR
T27:004 ) — FHERE 8/ — FREK O 2HEEOEERAIRMBEZHER L 72, WA T, £ ¥ 75 PEXEFARTEG bR L 7-.
4 ) — FRERDOELEW 7 a v 7 Sy iR A 2 HE I X ) 5.59GHz ORIRINIE # MR L 7=, OO EEIZ13.26mW (1 7/ —
F27- 0 3.31mW) , FEFRBEHE0.5V TH o7z,

SRETHEAR - 1 AHBLE, 2 AHAM |/5HY—JL 1 Cadence ff: Virtuoso, Mentor #t: Calibre, Mentor #: CaliboreRC ~rSY IR %
#1000, 1,000 K0 E{EZ > i e-Shuttle CMOS 66nm 2. Imm 4+ v 7 Fv 7Rl : 7>+ w2 (PLL, A-D/DC-DC a2 v~
—y k)

KYIT59V K« FUFIRBEZRWREEN A 2 AD Tifags

LEEXRZ EmMERIZHRR mIEx, FHRK, #iHER, Wik EE =ZHE

BE  AAETIETY 2 VEIER O EEETT O A AD Z#gi o EE 2 H-> w3, MREHEIIAEN: 10MHz, ¥> 7)) v 7
P %:300MHz, SNR:70dB, BHEL:1.4V, BHFEER:SmA. V=774 L7 1F3R4AEy +T, BosFEHEE LI H#
BeREECcH 5, BTE#IZ4Ey D77 vy o, DACIRERELVART, WINLHETHES2EE T I NHIET 3.
S OFE R, \BIEIZIZIEREHED TAZADEHED ) 4 Xy = — B v VREDHEZR T E 72, SNRIZ 46dB@H#1%=-2MHz, 31dB@+7
1 10MHz T, /A4 X7 u72Eekd HEICEA» 5%, R TR ZERPPMEICTE Ty, B UERomiEs)
Wix, MHIERT 0. 35LSB~0. 6LSB O IEMIBIETH > 7e DTkt L, #HiER @ =0. ILSBICIA kL 7. DAC OffiERISIE, #ikn
+1.0%LSBDOKEETH > 7= DI L, iR : £0.05%LSB i L L7z, DACOKEN T I NVMZTIZ L > TRITLHEL T AV
Lo THHii L 7z, 4 OB OG5 £0. 1$LSB OIEMEIECTH o fed ekt L, MEHELEIES % & £0.45%5LSB ic4{ld 5
&2 MER L 72

ERETEAM - 4 AAMLE, 5 AARNE |REHY—JL @ Cadence f Virtuoso, Synopsys #: Star-HSPICE, Mentor #: Calibre Ca-
dence f: Spectre, SlI#kSX9000 ~Z>YIXF# 10,0000 k= #HEF > @ e-Shuttle CMOS 65nm 4. 2x2. Imm F v 7 Fv 71&
Al : 75w (PLL, A-D/DC-DC ayN—2Xk¥)

BERHEREANDBERZBENE VEEEBE7 A bEVY

LEXRZEF/FTINA R « N1 ARMERIERTRT &H KE

LEERFRERERMERZMHER EH =, sl B

BE BB ER TR RSB E 7 4 e v 2EE L 2. FURVIERRIGZ R LT 7 + b vy BICRRE O ME % FE b
L, BELMEIcEau s PRETFZ2HEIE, 74 b v B2 002 RN L TGEL2BRE T2 2 LT, MiWoHRIE X OGHK
2179, ZOMBFEEZEBT 201, 74 b2y YOy A X2ME DY A X (0.3~5um) 1D 20EBH 5. Fv 7%
4 XMz 43 F, 3Tr# APS (Active Pixel Sensor) # 3§, 4Tr B APS % 1 D 4MEHO 7+ b v H 7L A%, RV I P A4 X
2um PR, 74 FFA A= F¥ A4 X lum LT 20729 X 5 IC@Gh L7z, 3TrBo 3FHHO 7 + + 44 & — Fhf&id n+/Psub ()4
A4 R4 orfE) , Nwell/Psub & U7z, 4Tr Bl 4 WZHAREEIC X 208 E21TH) 2 & TR VY ¥ A X lum 238K L 72. GRhHEEK
1% 3Tr #4 170x140, 4Tr £ 340x280 ¢&H 5. Hi1DFHAH Licix DDS (Double Delta Sampling) A=XZFHL, 74 b vy L
AP LEEDORBIE Y —> ) 4 A& RETE BHERICL 7.

SRETHAR 1 1 AHDLE, 2 AHKHE |EHW—JL 1 Cadence #: Virtuoso, Mentor #: Calibre, Mentor # CalibrexRC, Ca-
dencetl spectre, SV IZXHE 100,000 L L HIEF > 1 e-Shuttle CMOS 65nm 2. Imm A& F v 7 Fy 7Rl : A A=Y+
VY /AT — VY



Y14 20T I 5—FEESIK K DBEHREEHEE R TEG

KERRZFEHEHZHRER  FEHAEE BXE— B4 8E B =5, EL it

BME BEEN TSI VEBEERETITFERELLT Y 7ALy v a L FEHBEBEHIN TS, 7 2Ly > a )l Pl L i,

MOS + 7 v YA OBIfHETE L D HERWEETHET 2O 2 & T, (KE - BEEHEVCIRBEEL W5, —4T, BiEIXS

DEPLIEZIC & > THIEHEENRELSEHT 2 L LI ERSD Y, EROT — A b r — R %A L 7 MEERENCIERE 453

e =T U DIRBE L T D IR L Lt T, A E) 2 B ICH LA 2 RISk s T 5. ATy 7T, N

WERRELT, ¥4 2 v 7ROz T BB EHERgE O EE 2T o7 ¥4 I v rRBomticix, 25 7 FF
[1] EWEN2 94 S v 727 —%FEANFEST 2 M@ L, SRR I, BRSNS 720 & D fli#l%2 47 9 Mg % 523

L7z, RERER R CIEMBARIEFICEI{ET 2 2 L 2R L TR D, SEiFEHT 2D 2 PETH 5.

2ZX@k : [1] H. Fuketa, etal., "Trade-off Analysis between Timing Error Rate and Power Dissipation for Adaptive

Speed Control with Timing Error Prediction, " in Proc. ASP-DAC, pp. 266-271, 2009.

ERETHARE 1 2 AH DL E, 3 AHARNM jEHY—IJL @ Synopsys #: VCS, Synopsys #t: DesignCompiler, Synopsys #: Astro, Ca-

dence #: Virtuoso, Synopsys #t: Star—-HSPICE, Mentor #: Calibre, ;3> IJ X% :100,000 L HHIEZ > : e-Shuttle

CMOS 65nm 2. Imm f v 7 Fv 78Rl : TEG (RethatHfiilnl#Ze &)

ZIhhEeVY

ERRZETEER ZH Ea&k

ERXEFBARZEHARE EH

ERRFETRFE bl X

BEE : RF-CMOS Eiffi 2 FIJH L CH 1A E v HIBHS% (ESR) 22 L, £ECHRRER L WG E 232 2 L8 TE
29V hNeyHDT A EEEREL . F v 7 LOMENFWE SRS 2 NS 57004 v F v 74 42 4 £ ESREL
RickhglgRIINsA v -y 202 E RN T % ESREESHRHIREKED? S %%, CMOS6bnm 727/ uyzfHT 25 2 LI
X0, BOHCHIRMERE QEZRFO Ny > 7ETFZ2MHA L T, A, @& L ESRESHRERIEKZ3#ET2 2 L0 TH
%. ESR{E5HH Mg & LT, 953MHz #£4R75, 500MHz-1GHz @ = v P HH A ik 5 3X, 500MHz-1GHz o S fvAH Fif 5 28
D IFFHOMIEEZ B L, BAERASERH DA 47 %>~ 213 3nH, 6nH, 14nH Db D% HE L CHRELERSTE 2 X H I L 7.
SEXW - WFHK, WK, ‘<A 70BTAE VRBL o JOREERE” , BE¥EE, vol. 31, No.28, ppl3-16, 2007.
SRETEARD : 2 AHDLE, 3 AHKN 3jEtY—JL : Cadence #: Virtuoso, Cadence #t: Analog Artist, Mentor #: Calibre, [N
VIUZAZE 10004 L, 1,000A%5  BMET Y ¢ e-Shuttle CMOS 656nm 4. 2x2. Imm 5 v 7 Fw FiERl : Z Dfth

SVEREIOT 57T ILBiESE

LEBRFRZERERYERZMER ER K 5F

BE: 7x2—XAF 7L YRATLDF— + TNALAAD—DTHZIVFEW 70T 7 v 7 VBHBRORMNE, Bilx2iTo7%. 4V
F v T OFEEEERKIC L D AEP ROV — 7RI L, FEHER ATIMEICN LT, Phi/d DMEICF v 8> ¥ 2862
&, ETEIHREG 2 KT 2. TV — 7 LR 570, MAHSEREIIE L 7 EITCEE D Y v TR, AL v FTY v 7D
on/off 2§ 2 &, 70/ I 7 NBHBNPEETES. $k, K7 v 77— 7 THIOBBEEOE T X 5 6H T 1,
Zy 7RI — 7T THDBREEE A V&7 & Tikhin L CEEIHRE 2N T 2 2 L CRIST 5. Z OEERIRER O HRE;
HICk>T, P VENHECTEE A v 2852 LbTES.

ERETEAR 2 AALLE, 3 AHAARM /et —JL @ Cadence 4k Virtuoso, Cadence #t: Analog Artist, Mentor #t: Calibre, k5
VYRS 10 E, 100K =H#ES Y 1 e-Shuttle CMOS 65nm 2. Imm 55 v 7 Fw FiER : @E (RFHEE, ATM % E)

Hot Swap iz @A cMMEBER7 —* TV F ¥

RBRFERZRIERZARE ZAYIVRL VLYY, BERIER, B8 B2

UMEBERFREETAMAEE PN TR

BE: KTy 7iE, SATLOEERIED S 2 &k RO T A bR AT MR SRR AT A 2 TH B, KFv 7N
WK 12fH0 16 By FEER» S %257 7 A6 TR SN TED, 77 AFHNOT—7 208z ick b, AP
FEE ART (FHR) AR L # Hot Swap 95 Z EA[RETH 5. ZDMARF v 7RICIIAR IO T =23y 7 7 & LT 256 5%
D SRAM PRI NTE D, HEMOT A MY v ERFT 2200 2KFEND SRAM bH T 5.,

SEXHL . [1] Z. E. Rakosi, M. Hiromoto, H. Ochi, Y. Nakamura: "A New Architecture Extension for Mitigation of Per-
manent Functional Unit Faults Using Hot-Swapping Concepts, " SASIMI 2009, pp. 177-182, Mar. 2009.

SRETHARE 2 AL LE, 3 ARG E&EHY—JL : Synopsys #: DesignCompiler, Synopsys #t Astro, Cadence #: Virtuoso,
Mentor 4k Calibre, ~SYIX&F# 100,000k HES > 1 e-Shuttle CMOS 65nm 4. 2x2. lmm v 7 Fv F7T&Rl : <4 7
n7uaky




—

BERREAYFYTINA AL A—=IEVYYTEG

KRR ERBIZRITKERAZYERIRF 2R AHZ, 80 £, &I B, ]F =R, B LA, E=40 K8, 4 24,
INE R1B

BE A v Ty 7R TERIICEREML, v v IR A= 7RI TAL RE, T4 7 =44 FERZ2ERT 200

RELRHFAEE EMEMNT NS, 207D, vy Y HECHEER, 7142y E2EOHEANEEELZEG L, SRk

VW TNA ABBEE T B RRIETIX, NA A AT 4 ANTNL ZTBIT B 65nm T u b ZDEARROBEEE HIWE L, B

Tok) itz EEE2HH LL. (1) 74 ¥ A4 —=FBFETEG, (2) »OVAREHFGTRIC L 2KEEMEIHERA X —2 %

v, (3) 65nm DMz X ZVEEE 7 a e 22 HH L 2Rt vy, (4) ERNOBEBSIO 72 OHIEEE TEG., ZhE T

12, Wi TEG OFHi %2 4TV IR ERHEIC D W TORE 21T 7e.

ERETEAR - 1 AADLE, 2 AAKRE  #|EHY—JL @ Cadence 4k Virtuoso, Cadence #t: Analog Artist, Mentor #t: Calibre, k5

VIR E 10,000 B4, 100,000 43 #HES > 1 e-Shuttle CMOS 65nm 4. 2mm A F v 7 Fy TRl : A A - ¥/ 2w —

b v

HREINIESOZFDHXTETIVEDHDIES DO EERE 535 - HMHEIREDE

RRIZERZHEWMAR ®B—& AR T SE XIIEFE LEI5, ELEZ, S8 M2
RRIEXRFHRABEIZHARR HIL #EER

BE - ks tin b 7 v P A RHEDIE 5O E 3R E IS T T EDEE & > TE T 5. AfETI [off, Ion, ¥ — &
i, BEBEEOHEARL 7 v P AYRHEDIES D E 25T 2 72D MERBE LK, 7L —REKICL 27—+ ARIFSOESHED %
DDOHEBEF =Y 2B 220D FT A MAKEER LTS, b7y P RASREOIES O EFHEREKIZ LD, FI VP AIOBIELOE
EHEBEIX S D ZOMED S, HMERICNT 2HEELIXSD2Z L P> 2DM T2 LI LEL. £, ¥— FMERIES
D EHEREED S, 7 — P HFEHEICE T 2 R & R ICOWTHHAEL 7.

SREHEAR (3 AHABIE, 4 AASKNE |/EHY—IJL @ Cadence #: Verilog-XL, Synopsys #: DesignCompiler, Synopsys #t Astro,
Cadence #I: Virtuoso, Synopsys ff: Star-HSPICE, Cadence #: Analog Artist, Mentor #I: Calibre, Mentor #: CalibrexRC,
NSUIUZFE 100,000 HES Y : e-Shuttle CMOS 66nm 4. 2x2. Imm F v 7° Fw FHER : TEG (FpE:FEMEE 7 &)

73rOY « FIYIIREESLEDRE

IN=P N2 =H #&

BE : 71 20#ikix CMOS 7+ v e % { oz b 725 LT 5. ik fE ) EREFEOE T IX K Z 2 E5RIED
KT Ico%h3h, 77 1 /o Signal to Noise ratio  (SNR) #%{bE¥ 3. £/, BEEEZ T2 L@EO T Fu /N
CBEMETE RS 25, BIE, Ll L M2 RS 5720, Ml 702 RIZHEL 727 F 0 7 - 729 VA E SOOI 2
fIoTwa. KRfECIE7Fa sl - 7257 VGRS LIENEKZFEH T, ATEEEIT) B 2 L cERELEN LoE5RIEZE
T L DTE 2 DeltAMP L ETLMEEEZ ANTICT7 4 —F Ny 7§52 L CRIBEMEZTRE T 24— NV 7)Y v 7l
AD 1 % flAa A b, Delta modulation domain Analog-Digital converter (DAD) %58 L 7. DAD 3= %2 #H T %
CERLKRIRIBOESZ2RIIANL I ENTE, VBAE?Fu B2 ADEHBOF S 70V K AL VTSRS 2 2 Lotk
D AMP % AD B8t & RSOBRE BRI T I ETES. A —N—Hr TV A% EF5 2 L oRlELsTH b,
ERINEDSAIRE & 72 B 7 1 2 A ICHERNICE L T B,

SREHEART 1 3 AHDLE, 4 AHA&M BEHY—IL : Cadence %l Virtuoso, Cadence #: Analog Artist, Mentor #l: Calibre, k3
VIYZFE 10,000 P4 E, 100,000 A5G SIEZ Y 1 e-Shuttle CMOS 66nm 2. Imm 5 v 7 F v 7Rl © 7 F 7P EH

SRV ATLERBICAFF Y TRAV5 7 T —ADMH

EBEERRFET Y e R—, TH A, AR (CE BHBKE

BE 2K ATLEM (AT L - A - Fv7:S50C) L&D RXMERED > 27 LERLTIHEE LT, 3RILY AT L%EH
(YAF L+ A -8y r—y 1 SiP) MEHZBI TV 3. KREICE VTR, 3XILY AT LA EMZHEBT 2 - HORET v 7

A7 2= ADMMEMGEE AT > 7. BT L F v THIA v 8 7 2 —RAd 70k v b — X Y BEAOJEHIE S 1T 5 iFHE

G4 vy 72— [1] TH%. 66nm CMOS 7' v AW ZIED L, FEMEATA v ¥ 7 = — 2 o, EHEEILEH
e L7, 702 ZOMHHICHES) b 5 > P28 OFERST ORI L 0, RERES) & ZEREN 2 HERITHAKRIFICHIRL, 3

SImd bz 5 2 ESaRE L 72 5. BIE, FENEHEIC A 7282 L TL 2T H 5.

SZ3CHK : K. Niitsu, Y. Shimazaki, Y. Sugimori, Y. Kohama, K. Kasuga, I. Nonomura, M. Saen, S. Komatsu, K. Osada,

N. Irie, T. Hattori, A. Hasegawa, and T. Kuroda, "An Inductive-Coupling Link for 3D Integration of a 90nm CMOS Proces-

sor and a 6bnm CMOS SRAM, " ISSCC, Dig. of Tech. Papers, pp.480-481, Feb., 2009.

SRSHHARSE : 3 AHDLE, 4 AHAKR 25t —JL : Cadence #: Virtuoso, Synopsys %k Cosmos, Synopsys #: Star-HSPICE,

Mentor #f: Calibre, ~Z>YIJ &% 1,000k, 10,000 Kjii FHMES > : e-Shuttle CMOS 65nm 4. 2mm 15 v 7 Fv T

Bl @S (RFEIE, ATMZ&Y)



SEBEELSIDEHDT 1+ RV 5 7L SRAM

HRRZIEZHFR B 2, #O K&, O #EH, BIR X5

HWRREIZE WA =N, SR FH, )0 SR HE

BE  KEHREEICB W T/ A A=Y v 2R L, SEEEE2EBT 274 v ¥ 7V SRAM 0% 1T - 7. KifEF v 7'ic
BELIZTT/UT T A RV TARAEYRVIEIEY bOT—F%2 1D ) VICHEET 2 TTHEEE—FE, 1EY FOT—%
BT 22002 e VICEET 2 UTEEFMEE— FOBINAUEZ 2 ch 5. BEEETE—F2EMATIILICL-T
REEBERICB LT, X6 D2E0MELMAT—Y VMR L, BEEOEVATY 2EBTS I LML AR5, HIE
X o THEK 6T X £ Y) &)L IMb DIRKEIEEBTLEDH 0.8V TH DR L, 14T A €Y )LiZ 0. 24V K\ 0. 56V TEIERIRE L 72 % 2
LERMERL. 72, UTXEVLMIETT X B Y )UK LTH FEBRICK 0. 2V OREEEBEOUED R S 1, B{EE— FoUE
2T K 2B EIEEREEOKEH 2 FEBLL 72,

SREHEART 1 5 AHDBLE, 6 AHANM 58E5tW—JL : Cadence #: Virtuoso, Synopsys #l: Star-HSPICE, Mentor #: Calibre, k3
VIURZE 100,000 L = HES Y 1 e-Shuttle CMOS 65nm 4. 2mm fF v 7 Fv FiER] 1 X €Y

707 « FIVIRBIRATLLSIDHDT 1Ty VREPIRET=F DR

MPERERERTEMERN  HBHIES DER M XIE RE G KB E

BE: AFv 7% FEHESDI80nm 7R ATHAEL LAY Fy 7=y [1] 2851, 7H07 - FPILVEBS AT L
LSTICHNI 7244 2 v 7 NEIREEE = ¥ Hilifi ol z 2 HIN E LT\ 5. 66nm 7ut 21k, QMR - /N v $ide s 27 LK
ThH5 I L, @5nmBOWM T NA ARFEONTE T - AR L, @F v THOS RBMERHNICHBITcE2 2 L, %
e LTwa,. AR, 3YEF Yy 7OAF LiHiF — FOFZ#% 2, AR OMR 2GR L 2BRIETH 5.
SZ3@k : [1] K. Noguchi, M. Nagata, "An On-Chip Multi-Channel Waveform Monitor for Diagnosis of Systems-on-
Chip Integration, " IEEE Transactions on VLSI Systems, Vol. 15, No. 10, pp. 1101-1110, Oct. 2007.

SXETHAM : 5 AHDIE, 6 AHKNE /EHY—IJL @ Cadence # Verilog-XL, Synopsys #: DesignCompiler, Synopsys #t: Astro,
Cadence #I: Virtuoso, SIT#: SX9000, Synopsys #: Star-HSPICE, Synopsys #l: PowerMill, Cadence % Dracula LVS, Ca-
dence #t: Dracula LPE, Cadence #: Dracula DRC, Mentor #f: Calibre, Mentor #. CalibrexRC, cNZ>IZ7#: 100,000 DL
L #E5 > 1 e-Shuttle CMOS 65nm 4. 2mm 5 v 7 Fv 7Rl : 7 F 7P iEHK

=% UWB E5ERAD O DEMY > 7 v JEiE

EEXRZEF/TINAR « RAARMERIEMER NS B, EQ/K G S QE

BE  ALABZICBL T, BEO X2 V€7 7 7 4 — 13 8E Ok, MZRORPRIE, 10 % BREO R L 1 b 2 7% L
B 5. EE, WEHE -2 A MM oFEEREELZFHL, 1-10GHz <A 7 0l THPAZMH T 2 FIEEH I NLT» 5. Aif
Zi T, CMOS £4ifi % w72 Zffiny > R — 8 7V RHABIABN Y AT L OMEXHETH 5. REHBIE, POREB3GHZ DAY
STVEIFA TNV R (GMP) 2%, GMPREREKIE S TIBREFE 72 [1] , Wi R S e ZE 8RR,
BB Z i 720, T4 27 NMETITEMRT 305055 5. AWFEDBEHMIZ, 30GSample/s DEHEY > 7' ¥ J = W[RGICT 5, Sl
B A7 Fu s /74 P& (A/D) OO TH L. ZDdDHEIL, Ky ¥ (<3ps) 7wy 7 AEREEEKE, AK
B2 +F7y 7 &F—IVEFTIHEETHS. SR, EFA/D E2EHT 220D TEG (PLL, 4bit 7 7 v > 2 ADC, T&H [H]#%) Dk
1, 3l 247> 7.

SE MR © N. sasaki, K. Kimoto, W. Moriyama and T. Kikkawa, "A Single-Chip Ultra-Wideband Receiver With Silicon In-
tegrated Antennas for Inter-Chip Wireless Interconnection”, IEEE Journal of Solid-State Circuits, Vol. 44, No. 2 (2009) ,
p382-393.

ERETHAR - 1 AHLLE, 2 AR &EHY—JL @ Cadence 4t Virtuoso, Synopsys#t Star-HSPICE, Cadence #: Analog Artist,
Mentor #: Calibre, Cadence %L Assura, FZYIXF# 1,000k, 10,000 &kiH BHIEZ > : e-Shuttle CMOS 65nm
4.2x2.1lmm v 7 Fy7f@hl: 7+ v (PLL, A-D/DC-DC ar N—4¥ 7% L)

VML« KI—T—FT1 VT BRAVEHRESEHACPUOT7

CTHIERZIZE FEEAR

#= : MIPS-R3000CPU 2 7 W#d ALU, ¥ 7 % —, R, BRERICAT7 =7 =T 4 v 7 2@ L, 77 OEFTHICEI Y
— =T v 7 EMBERHT LT, V=2 BNEEN TS CPU a7 TH3. X512, F—F v 7 kic, MTCMOS [nli# % )i
L) =0y =% LIBHT 3. KUV —2F=%—Tlk, MTCMOS R D /87 — 2L v F2534 7 Litk, V—7ERICX S
R 7 v FifoREICL>T, REZ 7V FROBED ER T2 2T 2. RES 5 v FEREO FREES, BHEa v 8
L—FREEIA—THAMTIILICED, V=27 DEEZHBIT 2.

SZ3Hk : Usami, Shirai, Hashida, Masuda, Takeda, Nakata, Seki, Amano, Namiki, Imai, Kondo, Nakamura, "Design
and implementation of fine-grain power gating with ground bounce suppression, " Proc. VLSI Design 2009, pp. 381-386,
Jan. 2009.

ERETHAR 1 10 AL #|/EtY—JL 1 Cadence #f: Verilog-XL, Synopsys#t DesignCompiler, Synopsys#t Astro, Cadence #t:
Virtuoso, Synopsys #: Star-HSPICE, Mentor %k Calibre, IS IJ &% :100,000 L, FHIEZ > : e-Shuttle CMOS 65nm
4.2x2. lmm Fv 7 FyTER : v (7n7uky ¥




—

AVFyv7IESOET=7EEDOHE

ARIRARFXREF BRI AR FIER B, XK RE, RHE R B4 &H, BIL =5, BEL i

BE . AfECl, BEIXs 2%, BEZROX v > v JEMELO 7 &, SR OMERHEICHELZERSR NS v OR%
ZHEEEL, UTOTFAMF v 72EF L. BMERIEOIEAT vy 7 ThHBIE62& v H7uy 7k, Ta—¥LeL 7y, K
O RO TREK I N 5. BHINIZIES2E vy 70y 72 BEHED LI LT, GBE7ay 7O RO DKL D FHZILD, kh%
 DBFIGDIE S D IHEWMELICE S NS, £, NMOS/PMOS O W % ZHIIZZ 2 72 RO OFIRFE R 2 v, il ik
IZ& H NMOS/PMOS DX 62 EHEE - 0% 79 . 2 L C, #E L7 NMOS/PMOSIE6 2 E1E#%E b &g, #ilIMA RO IcHAi
NA T AZDP, FIRAKEER ) — 7B EOZMZ2EMT 2. ZOBMFERE P v o2y Bk g T 2 2 & T, #iE
L7 NMOS/PMOS X6 2 Z o4tz iHli ¥ 5. B £ Tz, RIRESHHNIIN, v 7 MEF2 I € 2 LRIREFT DL
T5ILEMERL TV 3.

ERETEART - 2 AALLE, 3 AHRM EREHY—JL : Synopsys #: Astro, Cadence #: Virtuoso, Synopsys #k: Star-HSPICE, Men-
tor 1 Calibre, KNS VY RF#:100,000 F FHESY : e-Shuttle CMOS 65nm 2. Imm f§F v 77 Fv 71&@R : TEG (RetkEF
fiffi[ml % 25 &)

BF¥CMOS 7Ot R ZAWXEGE

REKRFEERMRIEER WA B, KRG BRREZ M, RELE K ER

REARFABEEBR Y AT LARSBERR Y5 — aEE

BE © KBpEMEEHE CMOS 7’rX 22 HWTERL 2560, BEEBLooDiEt e A7y —7 ) 74 2T 22 L2 HN
ELZPHIITEG Z3fEL 7. el 7k AT, XY NVEEBSIZ 2 2 L2 6 ARKOMEDPREL %55 2 &, X ¥ IVERRERE
W=V DERDEE L 725 2 L ORI S 2 L TPRINE Y, HEZHEL T, A F v 7RBEMOMEGERA - HEEZE
et T2 LEBMLCHE LA, 20k, &G TEG offifiild, fMdi (n+Z I EKEE, p+ZJEKEBE) , P70
278 (1.2VE 59V P22, 1.8V EF VPR, 3.3V F VPR F) 12T HES X ) ZEL 7-.

SREHEAR - 1 AHDLE, 2 AARNE F|EHY—JL @ Cadence #: Virtuoso, Synopsys #: Star-HSPICE, Mentor #: Calibre, k5
YIUZF# 1,000 BLE, 10,000 £if #HES Y : e-Shuttle CMOS 65nm 4. 2mm fF v 7 F v 78R : TEG (314 =1 % 72
&)

#'/hvro070t vy ORE
IAMKRZZZATLLSIFAREYY— ABRT

B ¥ 48l Media embedded Processor (MeP) % R—Z 2w D 0BNH ARG 2>~ A4 7a 7oy 323 MEL
7. 7y HiE8KBD4A T Ay F TV T T4 T ¥ v vy ak KB H SRAM MU 16KB 07— % F| SRAM #% #5i#
T2, X vy aldFryra b LTHEHTAY 24 Z2EBIICETHT B2 L8 TE L. 70 s o<l /Omfzilio THHADL
PAVICREDE Y b XY Ry FTLZEIENEHTIF vy a2y A ZBEREBICTZ 2L TES. FHLEVF v
P aRAREMALT B 2 LI DHEBEBENEEIRT S, 77V =2 a VOETRIUSIE U TSI 2 ¥ v v a2 A ZHINICE
HT2ZLICEDBEHEDAT Ay b TV T T4 7MKL CHEB N2 HRAR2HHEINTEL I LERA LA T P2 aL
—>a vtk DHERL 7.

ERETHAR : S AHBIE, 9 AHKNE |EHY—IJL @ Cadence #: Verilog-XL, Synopsys #: DesignCompiler, Synopsys k: Astro,
Cadence fl: Virtuoso, Synopsys#: Star-HSPICE, Mentor #k: Calibre, k3> J X% % 100,000 HHEZ > : e-Shuttle
CMOS 65nm 2. Imm f§F v 7° Fy 78Rl : v~f 7u vty ¥



TR 19EEFE2EA Y EI I 29— CMOS 1.2um HE
(MOTO072)

K/NLLEEIEREE, 103ET « I 5 ILEHAERR, RUFEXRRANEFTMET/N s

1 AL L e ———
BEEINAFZEREFIZRN  KEHH Bl g

BEREFIZR H#HME #HEE
BEEE @ 19SS L EUES v 7OEMMREZH E 2T, KNI, 100E7 ¢ 2 VEHBIgRE, KOs
FERPE T T4 ARG L 7. 3at L2z, NANDRERK2 €y b AUMEESE, NORFER2 £y A/
W, v ) B4y PRONESR, JEREI106E 2, Lo 10E 2 fEBR%TH 5. TH
FHICAR L3Sy 72E S ICHE L T, NANDF#R2 €y RN, NORMK2 €y b RN,
VY =4y MRS, R0 2 HEHBmES, KO 105 2 i3t BIRl o £ TO KB (iR
R LT, 4 €y MR TS, RERREIEE E AT 7 v Y 2 5% 0% IR T E 2.

2EX@EL : [1] H. Hatano, " SEU effects on static and clocked cascade voltage
switch logic (CVSL) circuits", Proceedings of the 8th European Workshop on Ra-
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(Es
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diation Effects on Components and Systems, Jyvaskyla, Finland, 2008.
SREHEAR - 1 AABLE, 2 AARNE &EHY—IJL @ Mychip Station, Synopsys #: Star-HSPICE, Cadence #f: Dracula DRC, b
SYIRIE 1,000, 10,000 K5 BIESY - A€ I CMOSL.2um2.3mm £ Fv 7R : TEG (RelERHMm N 7 &)

A modified PLL chip for MEMS scanner actuation (verson
1.0)

RRKRFEERMAKR FBER BHEZ F5 5%

BEE : The purpose of this chip is to control a MEMS scanner only with the vddlevel of the given tech-
nology for the development of a self-sustainingCMOS-MEMS integrated system. Usually, electrostatic
MEMS driving requires much higher voltage thannormal CMOS vdd level. One way for overcoming
the voltage gap is that theMEMS scanner is actuated at its natural frequency where it vibrates withthe
largest amplitude under low energy loss environment. The natural frequency is traceable by using the
characteristic that thedisplacement of the scanner has 90 degree phase delay at the naturalfrequency.
To find out the point where a phase difference occurs has beencarried out by a PLL. A PLL is a very
well known IP for tracking a targetphase or a target frequency. This chip is composed with a phase de-
tector, a loop filter, a voltage controlled oscillator, and a frequency divider. In addition to the con-
ventional PLL function blocks, a mechanical sensor is designed for the MEMS scanner controller which converters mechanical displacement into
electrical signal. It is one of the most difficult parts and a differential amplifier is used as a charge amplifier in the chip. Among the circuits inside the
chip, the phase detector and the charge amplifier did not work correctly. The phase detector is supposed to have too thin and long power line from
power supply pads. The charge amplifier is going to be replaced by a simpler sensing unit because of the complexity of the differential amplifier with
limited design resources.

SEHR : C. Wang et al., Sensors and Actuators A, pp. 243-249, vol. 133, 2007.

ERETHAR - 2 AHBILE, 3 AHAM et —JL @ Cadence #: Virtuoso, Synopsys #k Star-HSPICE, Cadence #k: Dracula LVS,
Cadence #: Dracula LPE, Cadence ft: Dracula DRC, +~SYYZ&# :10080F, 1,000 K HES> 43I CMOS
1.2um 2.3mm#  Fv 7#&Hl : MEMS

F v EEFEEHAIE T ILIRB DRE

MAXRFIZERES HE RE, HLEE

BEE : IC WO RX RS O = Rk, BUARA O BERS & 7% & O B E 25T 5 2 &
&, Y7 FN AT T T 12 DR, Fv TRERE A XB I MMES /7 4 XORIE % fifik
L 72 BCREGET 2 &, Tt EMC 85 % nlhgl "f%f*@@%ﬁ‘*ﬁ’ﬂ%‘l‘ik LTKYTH 5.
AGAECIE, BURRRIRE O 27 2 E D VAT 2 AR D € TV BRI DG - 5EZ2 T o 7.
HRE T 7V FELleeA 70 R b))y THE% 2 A0 L C/ERLL, ﬁi%, (Wi ok e
LB AOREZFNIITE 2 X IC L T s, BXEFMEE X OEMSEADFHIE £ b
I, BT S 2L —vay, iR E K TE 2 LI L. 72, ZOfiORE
Ealpg D TEG b FIRHCERL 7.

ERETHAM 1 AHBLE, 2 AHRM 2|/EHY —JL : Cadence # Virtuoso, Synopsys %t
Cosmos, Synopsys t: Star-HSPICE, Cadence t: Dracula DRC, Cadence %k Diva,
FSYIZRZE 100 E, 100 K% SHEZY A v€ 3 CMOS L. 2um4.8mm £y Fv 7Rl - 77w/ (PLL, A-D/DC-DC 2
YN=H R E)
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ISR N e S i

ERIBERDHE2

EERMRERZTIEHARR MU B, MR 8, IWT %, A X2, Bl Enr
EERMRPRPERIFR A AT

BEE A4 5 A EHBEIESR G2 7 A+ (http://www. ec. ss. titech. ac. jp/
opamp) IKHMT %7%®, KFHPHILBEEZRMEL T3, £, BEREHEL iIL‘i
D, ¥YTalb—va ICX2EfFGE ZLTLATY M E—HBOREMIELED

HIGE LT3, [ EEIR & — 2 BHb IR N % 0 2 Befb K % 2Au, %%iz‘»
EEFE ] ’-F—frflﬁ?“% &) MIRRERIC AR 2 A, TRE2ES T L L HIC, HIFEEOHE
MREEE 2, HAOBREZMNT 2%, REUCIED CRERGHC O AL, £, HEE
73y XL (GA:Genetic Algorithm) %AWCTHBRE L 2EEEb H 2. HIEL
[EED 9 6 oD, FHay T A FEEOECHEE L S B EZEE L 7.
ERETHAM - 4 AALLE, 5 AHAN 5&5HY—JL @ Cadence %k Virtuoso, Cadence %t Dra-
cula DRC, Cadence#k Diva, Cadence t: Analog Artist, K~Z>IX&Z# 10080 E, 1,000 £ BHEZ> 1 4 CMOS
1.2um2.3mm#  Fv F#&hl : 75w/ (PLL, A-D/DC-DC a v =7 k)
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YU RELSI DRSO 7 F OV EREOERSERT
BRI RZFTHEEPERS AT LTER L SAtE, HAH B%5A, EH K2
HE DUEAE, v A sue s UESiRIGH L NITEER 2 VBB IN TS Ly
L, Mt r3oHjiduhcd D, oMz iE, Mk 208 03H 5. KF v 7%, /D
R S O AESHEIEE 4 72y MEEEHHE O 70 DM %R T % LSI o
DIEfEL 72 MOSFET, 44 4 —F, &1, & X7 ¥ 7HOHEARE% MR T 5 72 0123 fE
L7, 4 X% 2{E¥ 7% MOSFET & 4 4 — Fokth%, falicllEcE s L9l T
b5, £, MIBRNRZMRT 2720 0EBOA X7 v 7 LEHiZHEL T 5. ShEk
LTy ToRE R 2 I, N v N T Z IR, WE T 2 R 2 BIF L <
Wi
ERETHAR - 0.5 AH DL L, T AARM 5B5HY—JL : Cadence #t Virtuoso, Synopsys %t
Star-HSPICE, Cadence £l Dracula LVS, Cadence #: Dracula DRC, Cadence #:
Diva, Cadence#t Analog Artist, ~ZYIXFE 1000 L, 1,000 K5 HEZ> i A>3 CMOS1.2um 2.3mm . Fv
TR 1 TEG (Rph:gTAfiblEs 7 &)

ﬂﬁf‘lﬂﬂﬂﬂ[‘lﬂ!‘l

HH G0 oo

el sl el el o]

(“HF‘DHDDF]WF"I

He o Qo

CooEDEaREa

anjjjngjjjjjj

sl r‘r‘mrrlrm 80

REIEE ORI o
ERTEATETSHRR B BARE AEEBE —1FLALF17Y i

BEE - AREIREEEEGT, LA 77 b B X OGFH % & SRRSO EEAE 2 HIE L
TED, V20 FHEMIEMRRGT 2 v 7 A F OERULEBLRM [1] 0BT 3720 O
PR 2R L T b, KIECE, 5H8EOERERIESH—F v 7 LicERifhIn T
W3, ZNFhOEFMIERIZa YT A P OBEFEETZ TR, SVOBRBEETICEWT
2k QOB XN In FOREDXHDICEHENTE 2 L) I Eh s, BBEETH 5B
T 2EE DR L HIHLE DT AFEEE L OMEL 1 FEDOEENRECSML TS %
®», Rail—to—rai |l BfELTREREHEIIRED S 22Tx & Y — ARl & 7
2 BRI 22 0] & CRRA BRSO RE Thb i Tn B

SEXER : [1] HEMIERH a5 2+ http: //www. ec. ss. titech. ac. jp/opamp
ERETHAR - 4 AALLE, 5 ARG RSPV —JL @ Cadence L Virtuoso, Cadence #l: Dra-
cula LVS, Cadence #t: Dracula DRC, Cadence %I Diva, NSV IUZXZ#: 10080 E, 1,000 A5 HIEZY @ A4 v+ 3 CMOS
l.2um 2.3mm#  Fv &Rl : 7+ e 7" (PLL, A-D/DC-DC avN—%7%¥)
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I0F v T FMBEEREY AT LDRE

RRIEXRFETZMRR BH G4 SARE, EFEEX —OFLALTAT7Y
BE : FMEOERZEY 27 L HOEHEE (PLL : Phase Locked Loop [Rl#) %#fEL T
W5, BEOFETIE 80MHz D F MIBGE(E 5 % 210kHz H#7IC RIEZE L T w7223, 1]
Eﬁ*ﬂ’fiﬁﬁd\d)t&) CWESERE D> o rh R A 2 IMHZ 128 L 7z, 20Uy, FMA#H S
NG EERATDIH 502 P L LRERZREIL, sfEL 72, R E <
B HIZONTRIEOEEICN L CTHABREMENPKELRD, Y IaLb—Yaryofonk
FRPBEBCRRE & D b EERO R EDME S 2o 72, Z DFER, WEAEELIZERIE L 72 [N A5 1E
WICHRE L Cwikdro (PLLovy 7Ly OEERFE» AN TLEo
&) . ORBEOHHFENICL A 7Y FOREL 2Tk,

ERETHAM : 1 AHDLE, 2 AHRM |/EHY—JL : Cadence # Virtuoso, Synopsys %t
Star-HSPICE, Cadence £l Dracula LVS, Cadence #: Dracula DRC, Cadence

Diva, KNSV IRZE 10000 E, 1,000%5 BHEZY A+ CMOS L. 2um 2.3mm A Fv 7i&@Ehl :

D/DC-DC av =% 7¥)

IEER L AR XERIVERERE R

EERIKRFXRZRIFZHARR EH 27, K X&E, BH 2, gk —n

BE . —EHl, 29 o MmIBI NS EHRORKM - f/MEZ R 2 B OG22 17
To. —EWEOREFE Y vy P 2R TEIET, ML A vz 8ih 525 7ay
7 CHIfAmRE & L, BB R EROBUSEMEDOFIENTZ 5. F v v I D
FEBEIC L > TEEZ R - VX v M 3528 3EEHE & L T 10sec BOREE, i+ msec[fo
Vey FZHELTEYFy 7HHICERORELR X v N0 ¥ 2R T 20 IZRETH 2
TOF e NI DHBTA A7) —rDbDRMMAL 7. SEL 72 F v TIERETOBED T R
XD EHICIZ VT S o 7.

EXETHAR - 2 AHDLE, S AHKM |EHY—JL : Cadence #: Virtuoso, Cadence
Diva, KZYIZXFZE 10000 E, 1,000 &5 HEZ>Y A v+ 3 CMOS 1.2um
2.3mmfy Fv7&ERl: 75 v (PLL, A-D/DC-DC a v =% L)

ERIBERREEE -KE - BEEETF Y T-

EBERFRERTZRMARE BB, KA #h—, RO Bt

EEXRFEITSZE R BER

FHRIESSFEMIERETFERIZH T K, T E, L ERE, Al EE
BE  KXRfECix, 77 e V&£ BNROER 70y 7 Th 2 HEMIRR ORI 21TV, B
By 7 LS BR R I OB ifi 2 8395 2 L 2 HINE LT 5. SaFFEEARM 72 2 BERERK
DOEERRSZ U7, 7o, WBEMIESRG 2 v 7 A P (HELERETME) o THERE
B ~DSz G AN T, MBEREEGEHRG 2> 7 X PO v VEEIC A& D CERE
Bitol. B, KEMETI, a3 a2 —va ViR LE VI BEWBE» S, FEEX
FEAWRERFATE 2 21T, WL, Ty 7LA 7Y F2{To 7.

EGETHEAR : 3 AHDLE, 4 AHKHE 3&EHY—IL @ Cadence 4k Virtuoso, Synopsys #k:
Cosmos, Synopsys f: Star-HSPICE, Cadence #: Diva, NSV YUZXFE 100 DL,
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1,000 A4 HEFY A& CMOSL.2um2.3mmfy Fv 7Rl : 75 v (PLL, A-D/DC-DC av/\—% & &)
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FRH20EEE1EAYEI IS 29— CMOS 1.2um HE

(MOTO081)

TILY - DTIERBH SV EEIEIESR

BIFREXZRILZMEHR BEA =—, T KR, BE Hid

BIFREIZE SL EF, AR B, %8 A—

BLE  AKRETIR, LRTVSY - v 7B, 1/f ) A4 ZERACFE %8R U 7 EiEes 2 i, SR 2 E
WS VEZGE L. T - v 7 BREE, ERETHO ADZHREL L TH 20 0ZHdk L LTHY
SO E L GMEL b 0T, ZHENOKDEICH V2 AR 0L, BET2 1/ 4 ADEH
LFEEHO WS, CoFEI LS 707 ) A ADEISRICOVTEHET 2 FETH 5. £z, HEMESRT
i, DTN v I ERBIHCTO A RBHER oM, HERNEE LT, InETIREINTWIFE
DIEEEREDIAATY 5. BITEZ o ORI ICHU LA TW 5

ERETHARD 3 AHLLE, 4 AHAE $&EHY —JL @ Cadence 4t Virtuoso, Synopsys #
Star-HSPICE, Cadence #: Dracula DRC, Cadence ff: Diva, Cadence fI: Analog Ar-
tist, NSV IZX5% 10004 E, 1,000 ki BEZ> A v+ CMOS 1.2um
2.3mmfy  Fv 7R - TEG (Rpik:EifinlEg 4 &)

FHEBRAERIRIESRORE

BIFAZTHER Al BF, BN B, KB A—

BE : 4 OMRETIE, HBPERTOERO T —< & LT NHEMIES OB 1T
DHATYS. ZOFEBTIE, 526 NTHRFHERRZRE T 2 X 5 ITEERIER O [ AER
BRI, FIVPRYLLTORERE, A7 LA 7o bEE, FHE THCY M
FET0E. ZOERZEL T, EANL LSIZ oRiizBEIE2 2 LNTE, 5%
T M LSIRREEANRA L —RICy 7 b TE B, KRBT, BB H3lE i £ 5 %
T2 LZHNELTWS D, FEEDRIETO» o WERZ HE Z, MK
DR o I VUEE OB IR & Z N 2R T 2 BENEEZEDIAATVS., £/, 8
RcB2” E620%” ®, #HitE o ThoFRZEHIC &> k9, HikT, MOS-
FET iz EBIMEDRAAL. BEREFMOEFT TH 228, Malimmh oMz A<
W5,
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ERETHARD - 3 AALIE, 4 AFAH  SREHY—IJL : Cadence £l Virtuoso, Synopsys #: Star-HSPICE, Cadence #: Dracula DRC,
Cadence #: Diva, Cadence #t: Analog Artist, +~ZYJ X% 10080 L, 1,000 K HEZ> 4 v 23 CMOS 1. 2um

2.3mm#  FvTER : TEG (Bl 7 &)

CVSL EXRIEEIEEF & CMOS EARIECIIEEF, FF CIEEE, RULREIE
BEDREEE

BEEIRKFERETFIFER 28T 18

BERETFEHRIEN wEM SHRH

BE: 19FEHE2HEEFy 7 TORERMBREEEZC, DA —FEERA v Fia
B (CVSL) Mo HEARMEERE, CMOS OFEKRNMERE, 7V v 770 v 7R, KO/
LR RE % 2 F v I TsER L 72, #%EF L 2 [#% 1k, CVSL @ NAND, NOR,
EXOR, Fhneiss, s, CMOS @ NAND, NOR, EXOR, hiEss, s, Lo
RS-FF5 ffifH, T-FF2 @, JK-FF, R/NHER 4figR ECh 5. L HIOHIC AR L 7= F v
ZRMEBLICENML T, CVSL ® NAND, NOR, EXOR, Fjngss, s, CMOS o
NAND, NOR, EXOR, m&#s, &m&Eds, & RS-FF5 %, T-FF2 f###H, JK-FF, K
ANV R 4 TR O BEREENE DRER IS L 72,
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SZX#L : [1] H. Hatano, "Single event effects on static and clocked cascade voltage switch logic circuits", IEEE Trans.

Nuclear Science, vol. 56, no. 4, 2009.

EXSTHARE 1 AHLLE, 2 AHRM 2|50V —JU @ Synopsys 4 Star-HSPICE, Cadence #: Dracula DRC, KSYYZR5#:
1,000 B4 F, 10,0004 SHESY 4> £ 3 CMOS 1.2um 2.3mm £y Fv 7RI : TEG (RelESHiia#E 7 &)



CVSL EARmIEMiRE & CMOS EAHED IR, FF EIRE, RULLRELR

BOREELE L
HEEINXZERETI?R KSHHE 1t 20 (o)
BESETHEIYR  HABN NEBA B S0 56 B [ [ B

BEEE 19 4RJERE 2 MEAMEF v 7S TOREMFERZEE AT, ARX 7 —FEEZXA v Fif
(CVSL) [El#% o AR EKEE, CMOS OIEABREKEE, 79 v 770y 7RI, &Uﬁd\ﬂi
R RE R 2 F v 7103 CERER L 7. BREFL 2 [Hl#k 1%, CVSL @ NAND, NOR, EXOR,
PINER, &M, CMOS @ NAND, NOR, EXOR, Pin&Es#, am&Ess, KU RS-
FF5 fiif, T-FF2ff8, JK-FF, /Mg 4 B2 & cH 5. TH30HICAM L F v 7%
HIZHEHE L T, CVSL ® NAND, NOR, EXOR, &ss, 2%, CMOS o NAND,
NOR, EXOR, ¥n%igs, msis, Ko RS-FF5 i, T-FF2 fisH, JK-FF, A/h s
4B OMARENE OfEZR IR L 7-.
SE3HL 0 [1] H. Hatano, "Single event effects on CVSL and CMOS exclusive-OR (EX-OR) circuits", accepted to the
10th European Workshop on Radiation Effects on Components and Systems, 2009.
SRETHARD 1 1 AHBLE, 2 AHARNM &5tV —JU : Synopsys #: Star-HSPICE, Cadence #t: Dracula DRC, KkSYIYR%5%:
1,000 B4 k-, 10,000 K3 BEFY i 4>+ 3 CMOS1.2um 2.3mm 4 Fv 78R : TEG (Frr:3Fmnalg e &)
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A modified PLL chip for MEMS scanner actuation (verson
1.1)

RRAFEERMMARA =FE RHEBe F5 %

L : The purpose of this chip is to control a MEMS scanner only with the vddlevel of the given technology for the development
of a self-sustainingCMOS-MEMS integrated system. Driving MEMS devices electrostatic way asks for even higher voltage thannormal
CMOS power supply. Without using a level shifter, the voltage gap problem is solved by oscillating MEMS scanner at its natural fre-
quency where it vibrates withthe largest amplitude under low energy loss environment, for example, vacuum package. The natural
frequency is traceable by using the fact that thedisplacement of the scanner has 90 degree phase delay compare to the input at the
naturalfrequency. To find out the point where a phase difference occurs has beencarried out by a PLL because a PLL is a very well
known [P for tracking a targetphase or a target frequency. This chip consists of a phase detector, a loop filter, a voltage controlled
oscillator, and a frequency divider, which are the same with the previous version. In addition to the conventional PLL function
blocks, a mechanical sensor is designed for the MEMS scanner controller which converters mechanical displacement ino electrical
signal. Contrary to the previous case, the converter is totally different, which is composed of a resistor and a Schmitt triggered inverter. The sensor becomes very simple by pull-in detection
scheme. The novel scheme of the sensor is now under testing. In addition to the function blocks of PLL and sensing part, the chip has a charge pump and a level shifter to prepare a case that
a MEMS scanner requires higher voltage than VDD.

SE3Hk 1 C. Wang et al., Sensors and Actuators A, pp. 243-249, vol. 133, 2007.

SRSTHAR : 2 AHBLE, 3 AHARM 5|&EHY—JL : Cadence #k: Virtuoso, Synopsys £k Star-HSPICE, Cadence #: Dracula LVS,
Cadence % Dracula LPE, Cadence #: Dracula DRC, +~SYYX&#:10000 L, 1,000k HEZ> : A& 3 CMOS
l.2um 4. 8mm#y  Fv 7R : MEMS

HIRERE T F v TRRFEREE T IVGERBOHE

MHARFIZERES HE R, E RN, HEE

BEE : IC WD RIR MU O E Rk, BURRA O BERS & 7% & O BIERE 25T 5 2 &
&, T FN AT T T 4 OER, Fv TNER A AB XGRS ) 4 XOME% Rk
L 7-Befitekat 2 &, $4 b5 EMC G2 TREICT 2 2 d D HEEENEE L L TRYITH 3.
ARMETlE, BRRETICERA A% Ly s RN 2 S E 5 EXRoMAs L HIEL,
<A 70RA Yy THEED TEG Z253EL, B L WEEMRER & LT ORERIERZITo 7.
AR DR & L BT, BRERY T 2L — a v, SRR & b IKER 2 X9 il
7oo £, —HBIC L 7 VP RS 2 ETRRR O TEGHED i TiT > 72,

EXETHAR : 1 AHDLE, 2 AHRM E&EHY—JL : Cadence ft Virtuoso, Synopsys
Cosmos, Synopsys #: Star-HSPICE, Cadence #: Dracula DRC, Cadence %k Diva,
KoY IZRZE10DE, 1004 HEZY 4 v+ CMOSL.2um4.8mmfA Fv 7
@Rl : 7+ us (PLL, A-D/DC-DC av =% %)
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LDO O &EREED =8 D IEE &
BREBEAFEFIFEY HENG SOCHEAT, & A7
BEZE : CMOS R oMMt ic v, EFEROBEELEISBIETL, 2wicl
V] 2U12kfRic -7, Zquc kb, BIRBEI L O 2 B E O ZR
B/, BlzE, BHEE20.9 [V] 24U, %oBETiEb T 18 (mV] FTok
B L 2SN, 287 —MOSFET 2w 2 LDO 2 & \»T, Eiiasiiniudifins iz
ERVYFA VI I7A4YOEIIPEHETER K>TLES, —fle LT, SOT-23,8v 77
—CICAUR VYT A7 I7A4YMH LY, Ry FERy r—YDEVIHIC0.556
[nH] & 92 [mQ] DA Y E—=F 2AhY ftfw% AR 300 [mA] DA,
LDO il OB L ~ovid EFHBR 71 2 EHERK To5RA27.6 [mV] &40,
FERE 2% 18 [mV] F T B % FEFEI %_X_’C Ao OMIELBBELE RS, K
Fv 7T, BT EZER T LAl AMEREEZRE L CHAOEEZMIEL, 1 [V]
DT o EE T AMEREEE 2 HIEHED 0. 55N CEI R 20K %2 IR T 5.
SEN@E 4 VFxzvb, #ii AW, RUF4 VI IAYOESIEEBL Y — AL X 2 L — Y ODEMLKED T DF
IEME pp. 172 - 175, BEAREE RS (J-91A, 2008) )
SREHEAR - 1 AALLE, 2 AARG &5V —JUL : Cadence ft: Virtuoso, Synopsys #t Star-HSPICE, Cadence #t: Dracula LVS,
Cadence #: Dracula LPE, Cadence f: Dracula DRC, kZ> I 2% : 1000 L, 10040 HEZY : 4 v+ 3 CMOS 1. 2um
2.3mmfy  Fu @R EARR (REESR, RERZY)

ERIBIESROEE

EERMRERETHE Said Zineb, #/1| f#XER

EERMTRPRPERTIER A AT

BE : %%%LZ%#, HEMIESSEta v 5 2 b (http://www. ec. ss. titech. ac. jp/
opamp) IKSMLT, &EDRE L IEERIERZRMEL DO TH 2. HEMER M
TS qu75>€/\ alb—vay, LA4T7Y L, BIOHEETCOEY Oz EHET 57
ODOBED—HTHD. Znzh, FMREL - BERAS - FHADEEOREICEH
L, INonfizMiEd &z HEIEEEZ3BE L Tw» b, 36 L 2 ISR I, ZEY
T &V — A BEHUIEIRMIEE O 2 RO 2 HEAIC L T2, FHPHE L - BIICRLT
2191, 74—NT4 vy FARI—FERZIHTIHE, 220EHELTRKE2T>T
BY, BEEEZNZTHOEVHEE2HRONIRE 2 E8ODMHBMFEHRINT LS
SRSTHART © 1 AHBLE, 2 AHRNE 3&EHY—JL @ Cadence #f: Virtuoso, Cadence #l: Dra-
cula DRC, Cadence #: Diva, Cadence #: Analog Artist, FZYIZXFE 100 LE, 100K #HEZ> A& CMOS
1.2um2.3mm#  Fv F#&hl : 75w/ (PLL, A-D/DC-DC a v =7 L)

FOOENNOOOnoOnD |

DC-DC aY/X\—% hA LS| DR

HURTASASRT RN )| ER, 0 56, S8R LLLLLLLLLLLLL

BE 1 DC-DC 2> 5= O/ - Bt - FIRILO 72, FERIMET 087 —MOS-  [§
FET IR L, GO % CMOS LSIWISIT 5 < & alta L <o 5. Smosiic R
i, MO, BB LR AL . 27, REHIED 2 0 BRI ILEE 2 2 DU Hoooo

L7 AEEIE A 34 FPMOS, o —44 FNMOS oREIER R TH 2. HEdE (B 0obBEboanan
Wb -1 1% [l > PMOS & NMOS 28R Ic A > LA v &9 IfER 1Ty Fo4 L [E
2T 5. ARREORE LT, BRI E» S 0BREICED, BYART Y FF A4 LI
EARETH 5. WEFH AL, DC-DC a vy N—F Ot L 75 v F25EHE L 72
&lc, REWIC X 2 BIRMEOBIELFTIET 5.
SRETHARD : 0.5 AL, 1T AHKRN 8|/5HY—JL : Cadence #: Virtuoso, Cadence #t:
Dracula LVS, Cadence fk: Dracula DRC, Cadence £k Diva, Cadence f: Analog Ar-
tist, KoV E 1000 E, 1004350 BEZY A v+€ 3 CMOSIL.2um2.3mmf  Fv 7Rl : 77w/ (PLL, A-D/DC-
DCavnN—=%i¥)
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ERIBEROHE

RRIEXRFEIZHARR BH G4 SARE, EFEEX —OFLALTAT7Y
BEE © AR REEEGET, LA 77 b B X OGH % & SRRSO AR E L HIE L
TED, P2l FEEBEIIERSREG 2 v 7 2 b OERLIEHERM [1] WBET 220D
HRIESR 2 5WE L T b, KRETIR, G2 M oEBESR 0 —F v 7 RIcER I n T
VW3, ZNZOOEAERIERIZ 2 7 A N OBEHEER TR, SVORBREETICE W T
2kQ OEFIMN I n FOFESHIICEEITE 2 X H IS Tw 5, HEHE L
AEEDEETH B0, ZEIRE XY — 28D 5 72 2 FAH 7o SR 23 0] o 3 F
Eo T3,

SEIH 0 [1] HEMIERZREE a7 2+ http://www. ec. ss. titech. ac. jp/opamp
ERETHAM : 1 AHDLE, 2 AHRM |/EHY—JL : Cadence # Virtuoso, Synopsys %t
Star-HSPICE, Cadence £l Dracula LVS, Cadence #: Dracula DRC, Cadence

Diva, FZYIXFE:10BE, 100K% BEZ> 4 v€ 3 CMOS 1. 2um 2. 3mm 4

DC-DC ay =% L)

22F v T FMBEZEY AT LDEE

RRIEXRFETZMRR BH G4 SAKE, EEFEEX —OFLRALTAT7Y
BE : FMIEOERZEY 27 LHOEHER (PLL : Phase Locked Loop [Al%) & X U0y
FARXA7 4 VZRHEEZREL TS, BEORMETIE 8OMHz # D F MIEES %2
210kHz I IS L T 7283, [RIEEHLESE/N O 72 o 1 sh A e 2 IMHz 1255 L
7. ZRUCHEG, PLLEKE XNV FARRA7 4 VF Z2HHRGL, 3WEL7. AU FR2
7 4 WY BRI Gm— C 7 4 VY M TR L 7. BT v 2 L DB 5 % T4 Ici
HIR 01, u—RN2HBLXUONA RZAMORE%Z ZNZ N5 R E IR E L IR
7 ANYZRHGTWS, UL EHEEIZ IMH z ¢ 700kHz 2> 5 1. 3MHz ¥ CToj@sEaikz 6
LTWw3,

ERETHAM : 1 AHDLE, 2 AR |/EHY —JL : Cadence # Virtuoso, Synopsys %t
Star-HSPICE, Cadence £l Dracula LVS, Cadence #: Dracula DRC, Cadence

Diva, KFZYIRFE:100L0E, 1,000:A5 SHIEZY - A v &3 CMOS 1. 2um 2. 3mm £

D/DC-DC av =% ¥)

\RtEOYRy M7=V iEROERHIEGEEE

EREREE - R EiRERE = EM

BREEXZAZREREEY X TLHER  HEBEW

BE : e oY 2y b U — 2R E L TE, BERBROLEIEBKI N (RERIE %
FHE - HT LT, MEMOZ &R WINER T 2) OSHPBEAATERIN TV S, §E
Kot ¥Ry U —THRIEE, HEBNIPIRZLOT, BHOHHFGNSKH Lo bk
WEWIENH D, ZOMEZBRT O8I Ry b — 2RO KRE LEEICE >
Tw3. KF v 7, WROBFRGIHZ TRT 2 2 & oL R T 2. BAMNEHE,
Ry VBB TI0ERBET 2 W v 2y VY — 2K E2HEET 5. KF v 7%, ¥4
2 =2 X BEHNRZBICNZ T, oD A Ry b EEU K E FICHREDOERZ KON
LT, D DR EBBERFICY A L) —ICRIREEX T, HEEH 2 KIBIEHRS ¢
%

ERETEARE - 3 AALLE, 4 ARG 5REHY—JL @ Cadence #k: Virtuoso, Mentor #: Calibre,

Fvy 7Rl : 7w/ (PLL, A-D/

EEEEEEFEEEEER

5
——— e ‘
P talab= b=k lsle =l l=le ikl <]

cSYIRZE 10D, 1004

i BMETZY A v+ 3 CMOS1.2um4.8mmfy Fy 7Rl 7+ v (PLL, A-D/DC-DC a v =47 &)

Fv 78Rl 7+ a2 (PLL, A-
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ISR N e S i

BEE - (B HEENEBFrREGEEERETIREIRDHE
BRIXSFEFIZRESIIERIFZR  HRF
BE . ARfETIR, 9RERE CHEET %2 MOSFET % M /- BB i A a0l i % i (E
L7, BEEREBRIEZ, 7re bR CEHEELRBREZOOLEOTH S, Al
ORI, KEE, EEBNCEETS 2L, HUBROBIPENE W LTS5
N5, KK, 39XEFERCEIEIE 272D ICRIEORE LRI ZHEL 72729
F v TR L 72, BERMER O 7 D ICEIRYLZ BLE L 72 b o & ARG X 2 WE DS
TEL XMV b D EZFET L7, Lidbidbiciy, 7a—541 v 7% —F MOS-
FET Z H W 7 B EGEHON § 2 AR M2 2 HWE L, 2o 77— v 77— ¢
MOSFET #3fE L7z, %E, BAfEL T v 7OHE, Rl 2% EL Twuiwv, 7
WK ZME D FHMEL T,
ERETHARD ¢ 1 AHDLE, 2 AHASE $&EHY —JL @ Cadence 4t Virtuoso, Synopsys
Star-HSPICE, Cadence #: Dracula LVS, Cadence % Dracula DRC, Cadence %} Diva,
HEZY A v CMOS 1.2um 2.3mm g Fy FHER : AR GREMS, REHLZ L)

IEER L AR XERIVERERE R

EERIKRFXRZRIFZHARR EH 27, K X&E, BH 2, gk —n

BE  —Ele v o RIS N2 HRORAME - /M % ¥ v 8> & TREFT % A%
D EIT o7, —FWHOHEEEE Y vy b Z2BETHIET, Ay A4 2 728850
57z %7uvy 7 Cllfinag s L, BEIMECHE T3 R EROTIGSEMEOTEITZ 5. 3%
i E LT 10sec FOHF;, Bt msecliloV ey F2HBLTEY Fv 7THICKEERD
Fr Y RUET DR TH 2720, T4 A7V —+DbDEFAL 7. BRI
LT 2IEEZBEH LA T 200, 774> a v ¥4 bOBNEIONy 777V 7%
DEBIME™ > 7. F v TIIRKERFEEROEE, 7 7E0HBEIMEFER L. 5
BT AP av I LTINS SR EIZOWRTHRERZIT .

SREHEAR 2 AHLLE, 3 AHAME |t —JL : Cadence # Virtuoso, Cadence #k
Diva, VIR 10000 E, 1,000 K HMEZ> A v+ 3 CMOS 1. 2um
2.3mm#f Fyv7fERl: 7+ u s (PLL, A-D/DC-DC a v =% L)

U ESERET R EODANRT V> TDIERK

EERIRFXRZRIEHARR TR e, Bl 2, ik —n

BME: 2 I o0E32RET 2200 v IV ER7? v 70K %17 - 7. Rail to
Rail DA TB X UOH 12 HET 2 CMOSEIA X7 v 7 Th 5. MiAHAEBIEEZ N L, ek
DPWHAR7 ¥ 7R, REEKE), KNS ERBENTIRETH 5729, ’%‘Hﬂ%@f)@d\ﬁ!
PSR~ OIS RETH 2. FElTld, ASEHED0~3.3V ofifH s L, HAEE
644uV~3.29V O TH 5. T/, HIEHEE N2 EBIFF LA RT T Mﬁd%tfm
3. HUTE ATy 7 Hh OEEEINL 3. 3VEERTHN20uATHD, A7y +E
JEDSKE L, AN DD, ZOREOEET 2 2 £ 2ERAL TV 3

ERETHAR - 1 AHDLE, 2 AHARM  $|EHY—IJL : Cadence #: Vlrtuoso, Cadence #t
Diva, NZYIZXFZE 10000 E, 1,000 &5 HEZ>Y A v+ 3 CMOS 1. 2um
2.3mmfs Fvyv 7Rl : 75 v (PLL, A-D/DC-DC a v =% L)
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i HRRERAARAE S,

FSYIXZE 10D E, 100 A

FEEFFFFEFEEEEEER




CMOS 7Ot RIC & B2 HEKEE

ERRFET S BRIl =—, il BB

BRRKZEITEER REFH &HihA

BEE w7 — i E2 HIEL ¢, LSIFy 7RIEEICOUBEREZEA LA vy —a %7
varvPEEHENTw» 3, ZOEBUTEIEFET /NS 2% CMOS 70t 2 ICEA I E 54
Wb s, AF v 7k, CMOS 7ut RIc kY EEKEZRET2b0TH L. Thb
5, CMOS 7u 2 2Ic BT 2 70— NVEHIEICIBR S R Y ) a v 20l e L
THHAT2bDTHS. HARNICSY 2 THBZDT. JaBfFHETH % 1550 nm 4D
DEMEHEL T3, REEKROREEESZ 7o A L— L TkESN SO HEBIICHR |
ETEROD, BB IF %A XA TH 5 I EIFEHTURNTIC X DIERFEATH 5. : P n m
TP OB E I IRIMTE S A I R TH %05, CMOS 70+ 2 TIREGIFRIET oA dopdopdan
WoT, BifE, IEF v ZOMEERICOWTHEZIT> T2 LA TH 5. [
ERETHAM 1 4 AALLE, 5 AAKG  F|EHY —IL : Synopsys #: DesignCompiler, Cadence #k: Virtuoso, Cadence #k: Dracula
DRC, Cadence#tDiva, rSYIRZE:10KM HEZY 1423 CMOSL.2um2.3mmfl  Fv F&ER : 2 ofil

BEHEEHMEMY 173 v Y CMOS HEEEDE
BERFIXMRE BE& BB F¥F—

BE . St ic B TEEESH KT 20, BAPEEMNCETZERT 2 PHEY:
MREFHIN TS, Fxld, AROESRECOMNM 2 EEER IR Z2&TIREES
%) OBMHILE, MABEZYTILIA LTI AT LOFER2IToTVS,. Tab
L, RN v =R L - ElRE SRR LD, BETAERA 72y FEE
ZEDHE T o A ARER (IRIEES) oAZEHEL, HHROHBIKREEHFICEHELY
TNEY A DNTRNASET 2HEFARFTELE S R T L0 TH 5. T CIMEANESZ v
TR 21TV, ZOEEZMER L 7. iz, Bl 25 4 %246A L 72/ L% X 2 7-
DIz, RRMEICB O THBENBEEIWEWN S A F 2 v 2 CMOS Gk a5 i 2 o 72
TEGHEZRMEL 72, BEWIZIZ, 4 v =YK, 7Fal 24y FEE, Vo 7ty
L—2 g, A7y TREORMETH 5. BFRROME, TXTOMBOIETEEL
R L7z, SR, EEBEENOMBEFHMNT 2 FETH 5.

SRETEARE : 0.5 AAMLE, 1T AAAM 2|EY—JL : Tanner #: L-Edit, Tanner #: L-Edit DRC, NZVIXZE 100 DL,
1000 Af FEF> 1 A& 3 CMOS 1. 2um 4. Smm i Fv FHER : HENEE GRES, REHL L)

@

RERRRRRRRRRRARNRAR00

abhbn

—
N
~

BEERZAWVESEWREEZE IS NS RAVT 95
FURRZEY AT LABRIZMER NF B, EFNE A =3

BE  AERERIE, 7712 CMOS£/AIKTH 2. MILHERCEET 2 MOS F 7 v
2%, VI Ravy s R 2. BIfEEIEIZ SV TH 5. ARRMEREBNE, ZEA
HiETZ2 b2, BB EE2 ok, HhiE, vy o7rzy P 3, 2l e
L, im0 T2 8ickh, ZEENZ2HFARONSL X)L k. RIKENHOERE,
BREZ#ARSND LI iC, FIMOEFEWD L 2Pl 2 EH L w5, FHlikERE L
T, BBURREFLZBIBE2GT 5 2 E BRI N, 5%1%, THD 2EEE N % &
L, BREHEZITITFETH .

ERSTHAR - 1 AHDLE, 2 AHR 3REHY—JL : Tanner #: L-Edit, Synopsys %t
HSPICE K~SYIYZX%##%:10L1, 100 ki HESY 4>+ 3 CMOS 1.2um
2.3mmfF vy 7 FvFERl : TEG (FRtEREhmEs 2z &)
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¥ 19FEHE8EA—L CMOS 0.18um
(RO18078)

glulhl

SFQ/CMOS /\ 17y RXEYHA64kb XEY

BEEEIKRFRERITFEN A7 &2

BEERENRERERTEMHESR HIETT

BEE @ & EE R IR0 2 KRB L LT ET (SFQ) mEFEKomiZT->Tws. 20
SFQ MBI & 2 HEMH & CMOSIC k2 X €) 2fladbE 2 FC ko THMGAN L, »oREEE)
WRRAT) VAT LARREL TS, 4], SFQ/CMOSNA 7Yy FAEVHAEY Z3MlfELE. X2 )2
KIE3 P 7YY A7 SRMAZHWTEY, ZOREIF64Kkb TH 3. Fiz, YATLDA V=7 24 AHKETH
%, Josephson/CMOS ~A 7Y v R 7Y 70 CMOS MBS b EWR L 72, A ZE I 5720, MEO/” Y
BAZIVABTGND KK ELTWwa, Ef, WOy 7707 A MRS R L 2. &%, MIM %+ v 50
VAT FIRE, BRIA VHBER- TRV EW) IADREOD o720, IEEREESHRTE Zh o1k,
EREHHAR - 1 AHLLE, 2 AH&W &5V —IL @ Cadence tk Virtuoso, Synopsys #k
Star-HSPICE, Cadence f: Dracula DRC, Cadence #l: Diva, Mentor #: Calibre, ~
FYVYRF¥ 10,000 B4 L, 100,000 A% FMEZY rv—24 CMOSO0.18um 2.5mm A F v 7° Fv 7@l 1 X €Y

BREIIRA N 52 Y A5 ZBAW- R H DB

BRENAKFRFERTFN &M &R, Al IE—

BREMNKFEXZRIFMFERE  FIET

BE : Hx ik, CMOS £/ OEKH LB LD 7 D ICHIZMY S A b T v 2 28 ftial ik
ZHEL T 5. WIEWGRILNEE & ZEELLE - DT 5 2 L TMOS 7354 AT
DIFNF—HELZERML, FAZFLX—%2EINT 2 & THEBNEZIEBRICNI(TE
B TH 5. AFEMETIE, KD KB WIEARIK O BIEIEE 217 9 72 912, 8bit Wikl s
A b7 YAy b OREE N E 10 L2 bDoERFEFL 2. Z OREMIEEIZHE
KpF v 7 ERUBIIEORENETH D, WiE\AKEZEREIT 2720 7 4 > Ik
WETy FRIBHOEMTOARTH 2. AMBARZBE I 270D I7ANTHET7 v T
M IIHEE DR EL, HEZOLODOBEEENZHET 272012, 206 DB 7
A FEHEEL L g s Tw»S. HIZnMOS D L EWHEEDIES > 2HET 3
ODWEHETDE I VIAITLAZTMELT. 72— TT7 FLADPSLOEDDMOSZEIRTEL L) ICh>T0 5.
SRETHARE 1 1 AHBLE, 2 AHKHE $]EPY—JL @ Synopsys # Star-HSPICE, Mentor #t: Calibre, k3 YJ 2% : 10,000 B
F, 100,000 A4 HES Y : m—2 CMOSO0. 18um 2. 5mm g+ v 7 Fv 7R © HEEK (RELS, REsg L)

DMA 7 X k[Eli&

EEBMIIKEXREREREIZHATE R AE, S8 i, hAR g

BE . AF v 7iid, ¥ MOSFET % 2 Wiz FRMEAE T2 5 % 5 &)L % LHITH Lic
lidi& L 7- DMA (Device Matrix Array) &, Z® DMA OFiE%E X2 720 0 ANk E
JOVHICHE L 2R ETF R EZ2EBLTH S, DMARZETFIESOE2HFRLLDIC
T 27 A FHEEET, 2k o KB R IE S o Z e A2 BLEEAE, JE LT,
o2 EDMAZIT->TwS. ZOF v 73, ZOMRICE S THRONZHET — 2 DR
ZWEET 2701 T 2D TH 5. PllEHTZ DMADOWIRICZELS 2 Eickh, 20
HERRITSEOF ALY, FERROWELRZITLILICRhD. ZOBEELZFAXRT, WE
T—YE2HMIET 27- DML T — ¥ ZINET 2 HIVTikEt L 7.

SRETEAR - 1 AHDIE, 2 AHRG  5REHY—IJL : Cadence #: Virtuoso, Cadence #: Dra-
cula DRC, NSYYZRZ# 1,000 2L E, 10,000 ki SHIEZY : v—24 CMOS
0.18um2.5mm ¥ v 7 Fv 7Rl : TEG (Rei:aTlimEK 7 &)




AR EEREY Y E LVESNIEDEE

EERBRPEBTHE SRR ERSE, A EE

BE : AgLEGHIC L ) R, SRARAEFEMAT 2 - 0MEORE 574+ + 8
A A —FEFMEL 7. BHECMOS 7t A CHH R 2 ik, PAENRNE, N7 = viE,
Pw Vg, NILEE, PIEE, 2L T4 —7NvzLE@Thh, Znsziliatd
TEBDT7 A T A F—F, 74b 730 P22 %23 MEL. X4 v, RIS
HDORZZBLDDDN TV AL Y E—=F VAR, Ny 7 7RgEE2#RT L b
VAL VE—=F Y ARBICHEE & XN B EETO Hi-PolyR &3t 2 FH L T, [HlEgHE
RELTLFaLb ATy FARI—FREZE LD, [BAJIA Y E=F v R LIRS, SR
FAYOMNER ST 74 I AA—F, 74 TP RAYEEOM, FTUAL VY
=V AMBED L7+ b E T PRI EREGHL .

SRETHAM 1 0.5 AHLLE, 1T AHKGE 3REHY—JL @ Cadence f Virtuoso, Synopsys
Star-HSPICE, Mentor #: Calibre, RZVIRZE 10D 1, 100KH HEZ> 1 v—24 CMOSO0. 18um 2. 5mm i F v 7°
Fv 7Rl 1 (RFEEE, ATM A& L)

AR ID ARt Y U RUMESNIEB O R

EBRESBAFETRE AR EN, WX EE

BEE AT, ZEETFE XD 7 LA RIS L THMFEORIICEDY TERD RN
FT2ERT2HT, 79 2Bty 2 EHMEEOFE - FHliziT>7. 7LARIZT S
L2 DZEEEIWA L CORERT 220, ZEETELT, 74 P43 —F &
DY ERER p-wellZ pnp F 5P AP DI I v ¥, Deep n-well #x— 2, p M %
ALY ETE7 4 I UP ARG L. SEE T EIEIRDO 7 v P A F R
A v FDON/OFF2YI D EZ2HICEk>T, RED 74 P 7 v PRV ZHEI ¢ 5. B
#1213 Deep n-well Z REN & TNERNETIE 74 b 7P RY ELTEIET
%. Deepn-well Z VAd Bz & T4UL7 4 b b 7 VDAY IFIEEIRREL 25, I 512,
HHN I VAL VE=F VAT VT, BRAL v FENEL 2.

SRETHAM 1 0.5 AHLLE, 1T AHKG 3REHY—JL @ Cadence ft Virtuoso, Synopsys £t
Star-HSPICE, Mentor #: Calibre, RZVIRZE 10D 1, 100K6 HEZ> 1 v—24 CMOSO0. 18um 2.5mm A F v 7°
Fv 78R i (RFREE, ATM & &)

AIRNBEER7AMNNSYIRIT LA

EBRESBAFETHE WA EE

BEE @ AT, ZAEFETZEXBDT L AR L THRIEFORPUCE b THER D
FT2ERT2HT, 79 2Bty 2 EHMEROFE - FHliziT o7, 7LARIZT S
L2 DZEEEIWA L CORERT2E 20, ZEETELT, 74 P43 —F &
DHEBELR 7 4 P TP RAYEEHECMOS 7ut ATHEEL 2. &6, Wk
ID ¥ A7 L DWEHIEEE 7 4 b+ 7 P25 DREICAOE T, B LSRR
WLEIToREA NI VAL VY E—F VAT TEFKL 72, A OZHHETIZTES
I DERISEIRIKE 2/ L LT, ERORNETFEFARIGEAT, ZNEEEZ I 51
M EXE2HPTEERMRE L, 20747V PAI T LA ZEHA2IRA— FIicH
LT, WEDEID 0ZEFERET <

SRETHAR 1 0.5 AHBLE, 1 AHRNG %5V —JL @ Cadence #: Virtuoso, Synopsys #
Star-HSPICE, Mentor #: Calibre, KZVIRZE 10D 1, 100KH HEZ> 1 v—24 CMOSO0. 18um 2. 5mm A F v 7°
Fv 78R g (RFREE, ATM & &)




—
w
o

IREREIN e W It

HREERBBREAERER 7 1LY

EERMRERZTIEHARR AR E—

EEFMRERFERIZR N\ O+

BE  PEEREICHY S0 7 4 L I3 HARIR S IEE 1P, FFIES6 D EIT L 55
BB REL B BLTHo7. ZOMBEERIENT 272013k [1] TRELZFiE
WKHEHL, Z0EHE2ERT 2 2 EBPARREOHNTH 5. fEko 7 4 L& ffik & EE
W73 XLk BFEHamEllz ey, ERBE2ED 570 EHEOEDD 2K
S % EEHE e - ¢, FD R 10. 8MHz, 3dB HFEkiE A% 300kHz, 20db HHiE A3
600kHz OFE%2 6§ 2 s 7 « L& Zikdt L T 5, HilofEchiEcdh > 7%, Ml
FEADALSINY 7 7 DEREN %+ dbDE$ 52 LT, BHERE (7408)
TR ET R EDHRATE, Lo T TREL LR TEIEHTH S 2
EHRI N,

SEXM 0 [1] TEHEDIEDY BEIK L 72 [F APGAHIE0EE 7 1 V7 OFRE & 39l " AL B —, FIH T, HIF #8, BE
TR & ECT-08-34, 200843 H.

SRETHART : 2 AH ML, 3 AHAKN &5V —JL @ Cadence ft: Virtuoso, Cadence #f: Dracula LVS, Cadence #t: Dracula DRC,
Cadence ft: Diva, Cadence ft: Analog Artist, Mentor #: Calibre, +rSYYR&# 10080 E, 1,0004K5 HES> :vo—2
CMOS 0. 18um 2.5mm 5 v 7 Fv7#&Hl : 7> v/ (PLL, A-D/DC-DC av =% 7% L)

E7Z 70759 7ITFINA A VPEX QOE X[ FREN{EIREE
AMERFETIZARR rht BA1E, )RS E3E, BRE &

BME :ErE—2 BB #MilizHT 74 b~A28MAZ 2L, 2ELMHEASIC 24&
A+ CHEETE S LSIFGETFEOMAERIT>Twd, BRIV I I7 74 —%HiKT 2L,
EBHfii D8 — VBRI IZE 720, PhuiifiETra /7 A0 TELZRERHD, E
T2BOEHLZFCTHEEORY v 7 2B TELFEEZRM LA, E7HZERLZO
i, MMy —vEESD R, BHEBHETETHS Fr o0y 7ud sy a vl
Wiy OWHABES LD THE, RETZET7 7RSI 7 VT34 AVPEX (Via Pro-
grammable logic using EXOR array) Ti%, EXOR % — It & Inverter % fl& &b 72 [
M AT E T (LE) tLTw3, KLEREIECTHEOEHEICLD, AND, OR,
Bubble AND %2 £ $RXTD 2 AN L, AOIZ1 B X U2 A MUX @3 ANiiwfilz 7' a
TILTHIENTES, LEMORSRIIEIETE T 70350, ZOBRIZ2OD
LE 2#lAaAb8 32 ETD-FF 2R T2 2 b TE 540, HFRKZ&LEEORIEER %2 VPEX THEEHWMETH 3.
VPEX ZH\Thw v ¥, RRBS/NEBREBEZERL 7272 b Fv 723 EL, FPGA X — F L C&HRBLOEFHEEZ MR L 7-.
SRETHARG 1 2 AH IR, 3 AHAKM |/EtY—JL : Synopsys #: DesignCompiler, Cadence #: Virtuoso, Synopsys # Star-
HSPICE, Mentor #t: Calibre, NZYIZXH%: 1,000 DL, 10,000 A% HMEZY : v—24 CMOSO. 18um 2.5mm 5 v 7
Fy7ER =2 —F7 /0y




R 19EEEIE O —L CMOS 0.18um Sk

(RO18079)

XEVREE1T

RRARFRZRIZRARE ER BAZE

RERRKERHFEER Y AT LEFNBERREY Y — ZE ®, HHEH, XHBE

BT RI0 70 AOBEML L 0N Y ¥ BVISIORERFTEIC A>TV, 208 LTI
PVT IS HCHMA 7 =% 7 7 F v 2 Ho CHEIEEEE CHETE 2 L) kK2 iTo 7. 20HT
SR EEE R B LCHCRMAOHMEZETF L 3L 754 v (gate-level-pipelining) D# L \EH
HECOW TR LT, REL ZBIEIE A Y 20EOM& 2 HEIGER L 7B ch D, Biffiakes T IoR
7. L FUHEZ T 500 NMOS TR S iz [l & PMOS TR S Lzl 225 5. 2, NMOS a4
Evaluation Ot PMOS [[##3 Precharge T& ), PMOS [[#43 Evaluation i NMOS [l 23 Pre-
charge ThH 2. LORBICL YV EHRDO L 774 vEERTAILNTELL, 27 -0lilL EOBELH 2
et

SRETHAM © 0.5 AHBIE, 1 AHKN 3REHY—JL @ Synopsys t DesignCompiler, Sy-
nopsys tk Astro, Cadence %k Virtuoso, Synopsys %k Star-HSPICE, Cadence fl: Dracula LVS, Cadence %k Dracula DRC Kk
SYIRFE 10,000 B4 L, 100,000 4i HEF> i v—24 CMOSO0.18um 2.5mm A5 v 7 Fy @Rl v r7u vty

REFREEREZNRE LR EFTREREE

RREEAZARFRETZAAEN SRKRT EFF

B ERNRHIC S P ST 2 HADRBEEEN (J JY) &, FERE2 S XA
A0k H z, HEER» SHERBSHEE 60k Hz TREINT 5. HAENZBE T 2
£, 40kHz L 60kHz DBAHOERZRZET2HERD, E55ICHIETE 2 32EH
DPRETH 5. BHEFEAL I LT 2 BMEIKIE~T 0 8 A VRO RBF(E R 2 sHBIc i
L TNIGY 2 D TH 5. RERMMIBIIEHEGIDIERTH 2 F2HMA L, w77 ofesi
o3 LCIEfEZ 10k Hz 21E%. ZhzRiFEGE T ES S DfRikd o b
FMEE OG0k H z 213 2 HBTE, DKM ZH— LT 2HITE 5. MIEMEI, AT
D a v L —5 TRGT OREB 2N L, B TI0kH z 2182, ZOREFHEER
FEANEESERELBREMBEE L, Zhelilid s, A5 T, #ERNKEzLELE LA
Wi, ZAGHERRIR 2 /NUCLE LIREE T2 TE S,

SEXB  HABRER 70y =7 b RIESZEW O FBEIRE AN, M7 T8RN SOEE oo,

SRETHAR - 1 AABLE, 2 AR 5%5HY—JL : Cadence #: Verilog-XL, Synopsys #: DesignCompiler, Synopsys 4k VCS, 131
Synopsys f: Star-HSPICE, Cadence # Dracula LVS, Cadence f Dracula LPE, Cadence fl: Analog Artist, P & =
B10LE, 100K HEFY : m—2 CMOSO0. 18um 2.5mm fi v 7 Fv 745 1 7 7 F il 3

=

¥
BFERNEHEREZEEATEG OHE 4
SRREFRZREARNZHARR FRRXK, B8 ZX, BKRiX %
SRRFRZFIETATE el EX, FKHE Hhi— YE
BE © R /NE LA ZERR ORI TEG OffEZ 1T - 72, ARRMEIE, FEEMEKO =
FEPERPATZ Hi & L%, #aFFIE L PA (Power Amplifier) , MIXER, 43Ji%, =)

PGA (Programmable Gain Amplifier) , 27> 7 Th 3. PAIIRBEEZERL %
ARIRIEER & Lo, F2, A8 6 D51 &k h FISFEETS R T H 5. MIXER 13/M{L &
{27 /1 % M L 7z Single Balanced Mixer, 2782135 v FHER Db D2l AGH Y
22 LICK D EFIFICIOES 7Ry MESZHINT S, PGAIZ4 DDA RT v 7 THE
RINTEDIFE I X DAGRESHR L D E L, ATy TETLI S <R
AD ZSHagi CEH T 2 FETH 5.

SRETHART : 10 AALLE  5&EY—JL @ Cadence #: Virtuoso, Mentor #: Calibre, k5
YIZRZE 0L E, 100K HEFY 1 v—2 CMOSO0. 18um 2. 5mmx5. 0mm F v 7 Fv 75 1 @fE (RF HIE, ATM 7%
&)




—
w
N

IREREIN e W It

WENENERXZEMATEG OHKE

SRREFREREARENARE  FRERX, I ZX BEX
SRRFRFREIMFE ) EX, #E #H—

BE e/ NENEREZEEOBFICIAY TEG ORfEZ2 T 7. ARfEIR, EHREAKD
Ktk alili2 HW E L Tw 3. @&z PA (Power Amplifier) , MIXER, 47f%%,
PGA (Programmable Gain Amplifier) , A _X7> 7 TH 3. PA I EZERL &
AR E U7z, 7, I8 6 DfERIC X h FIEHFI2TEETH 5. MIXER 13/ ik &
{276 )1 % E L 7z Single Balanced Mixer, 7f#:137 v FHERDO b D2 fHlAGbE
22 EICEDDHERRHCIOEA 7y MEEZINT S, PGAIZ4ODA T v 7 CTHE
RENTEHINBEZSICLDFBREPH KL bDE L, ATy TETVY Y I<Rl
AD ZHRCi T2 PETH 2.

SXETHART 1 10 AHDLE 85V —JL : Mentor #: Calibre, kSYIR&E 1081,
10044 #EF> : w—24 CMOS 0. 18um 2. 5mmx5. 0mm F v 7° F v Zi&Hl : i#ifE (RFEE, ATM % &)

A F v 7EREOE

RERFEERMAIEER AH X—, RHHE HE, RELE, =8 HHER

RRAERFBEERY AT LR ERAREY Y — =

BE: R —A VT VT4 A LEDTDDF v F v 7B NS %2 FHRIC I CEE L

Bificd s, 24 v F v iRk B4 v F v 7 DC-DCEROEMBERM2#17H 2 L 2 HI
E L7 TEGC i To 7. EHMELZRE T 2 HE LR TH % BN %
(MOS #' 4 A —F) , 2OV AIEGIHHA MOS 24 v F 7 £ DFET-HA D[ & Z ofilfHE

PRGN L7 2OV RIERIEZ R—2 & L @B o REEREE (Ny 7 a v o8—2) JHHlE

[, B X OEfmBHE o FAERE (7—2 Fayo—2) HilfEEEg O 2 iz 29258 L

7.

ERETHAR - 1 AHDLE, 2 AHARNE E&EHY—JL @ Cadence #f Virtuoso, Synopsys #

Star-HSPICE, Mentor #t Calibre, KNS Y X&#: 1,000, 10,000 A5 HES

Y :u—24CMOSO0.18um2.5mm fAF v 7 Fv 7Rl : 7+ (PLL, A-D/DC-DC a v =4 7# L)

BRSNS > Y X7 ZBWeNEE g & BEE A ER
BWEEIZKREXZERIEN EHIER

HREIKFEXZRIFHARER HNET

BEE A& 13 CMOS SR M ORI B E LD 72 O IS R A + 5 v P R &7 GBl bl
ZEREL T 5. WEARGRENEE & ZEEZZ - DI 2 2 & CHBEB N2/ S <
TEZNHTH L. BB A L F v PRy RHBIBOBFHEILD 7 DITSA 7 VP RE
% F o7 BRI 2 A 2 BB 16bit M &, [ U < 4bit oM nlEk, SR Fig
Z G L 7. 16bit O INERE X EEEEN TE S L2 WFL T, 7 v FHIEETH 3 pal-
An OERE I 2 HERERGH L D b I0FREICHEPLTED, B R LY —%2iR/MITE LR
BEE CEIECTE 5. dbit DINERIEE I, EREEEZ AL 72RO E L B3 7 dIchE
S ERIEHTRIOL 4 77 b2 v, REREEIIMZ S Twiv, Eiz, WEWEIED
SOEMIE & L C, Wizl SRAM X £ ) OEIERER D 72 0 DIl % 55t L 7.

SREHEAR - 1 AALLE, 2 AAKRE  F|EPY—JL @ Cadence £ Virtuoso, Synopsys #: Star-HSPICE, Mentor #l: Calibre, K35
YYRZE 1,000 DL, 10,000 A4 HEZY cw—24 CMOSO0. 18um 2.5mm A5 v 77 Fv FIERI : AN GRES, RESR
7E)




SFQ/CMOS \ 17Uy KXEYHR64kb XEY

HREEZRFEXZRITFHARR A &, FIET

BEE - fox R PEARE IR D 2 XA & L CHE—-FHRET (SFQ) MmO
Z{T> T3, 20 SFQimHMEKIC X 23N & CMOSIc k3 XY #ilAGbE 2%
WKLo CTEEFRAHL, 2 OEREEENPRELEAETY AT LARZREL TV, 5,
SFQ/CMOS A 7V y FXAEYHAEY ZMELA. XEYRAVIKIEI FIF VYRS
DRAM ZHWwT&D, ZOREIF64kb TH S, /2, AT LDA VI —7 24 AAKT
» %, Josephson/CMOS A 7'V v F7 ¥ 7®D CMOS [RIEH 4 & B L 72, [0l % &2
X270, HEDOMDIZAINVAFTGNDIZBELTWS, $72, 70 A F—27 2HD
T 5720, FFHHEICGND 74 Y 2B EWIRMNEZ L Tnw5b., £, ANy 770D
FAMEEESLEE L2, ANy 77 LA 77 b SADH 5770, ORI H
MRTE kot £/, 7—F7FLAFa—4 D7 A2 MEKHERL, 25 5IZIEHT)
PEDSHERR T & 7.

EREHHARD - 1 AALLE, 2 AARM  F|EPY—JL @ Cadence £ Virtuoso, Synopsys #: Star-HSPICE, Mentor #l: Calibre, k3
YYRZE 10,000 DA E, 100,000 K HEZ Y v—24 CMOSO0. 18um 2. 5mm M5 v 7 Fv @Rl : X €Y

TEG

REARFIZFRMARR ER R, A A, aE S

B= : PET (Positron Emission Tomogaraphy) FH o7 > < itigsse MSGC (Micro
Strip Gas Chamber) % &trHhT, v <fith EOXMOBEHRRH RO %Z BN
& LT, BfEEE 1. 83VROHMO. 18um i THUENEM L AE S oOR/E (TEG) 282
ot BENICRBMESB SV 7V 7, ATV T, FIVPRY, avRL—7%,
DAC (Digital Analog Converter) 7% &% DT\ 2. KF v 71345 B ORI 1<
fERL T 5. RKF v TOFHMNIC X b @ EeE, EREREO Y 7 2 )V BB 812 8
L IND2NFF v RV ESUHEREHO S &2 21 5. FBRES O 7Y
TYTDI) ARV OFHIIEFITY, ENCHE =< A DfHTI000EFRETH-7. &6
IS TREBIERRZT> TV 5.

SRETHAM : 0.5 AHDLE, 1 AHAEN &EHY—JL @ Cadence # Verilog-XL, Cadence #
Virtuoso, Synopsys #: Star-HSPICE, +~Z >4 :1,000 Lk, 10,0004 SHEF> : v—2 CMOSO. 18um 2. 5mm £

Fv7 FyFER:TEG (RHEEHEE: &) 133
£
3
=
9’_
= " —_ .~y v
ARNEEICEINUNERBEA7A NN VYIRYI7Z LA =
BESBAFETYIE  Uh X BEES i
BEE : 3L LTSRS & 2 M Z MO ERHRAEE ST w5 & 3, MEDEEE 1’5
5 KW DR E A A —S L v TREL, FIHIA A — 2k w4 DO RAL x
|

EERIET 22 LICEDA AV vV OMBELEAZRNTES., CORTTIIIDX
I RRAZTORFEEBIEL T, ZMET L 2 OERNE, 77— HHERNEKORE - 57
iz r>7-. 7V ARICT 3 LR DRZNGHTEIA L TUREERT 2 20, ZMET
ELT, 74 M9 AA—VFEDLEERELR7 4 b b7 PR ZFHECMOS 7’1+ A C#l
fEL7. o, BEOZNETZL VTNV ESTENTELZA VY —7 24 AN,
HAFI VAL v E=F VAT 7R AL 72,

SRETEARD 1 0.5 AHBLE, 1 AHKN 8&5HY—JL : Cadence #: Virtuoso, Synopsys #k
Star-HSPICE, Mentor #k: Calibre, ~Z>YYZX&Z#:10LE, 100K HEZ> v
— 2 CMOS 0. 18um 2.5mm i+ v 77 Fy TRl A A =P v H/Av— ¥




w
N

ISR N e S i

SFEAERT7FAOJERERRTEG (TC2)
LEERZEmYERZHARR TE =
LEEXREF/FINAR - N ARERIZHIFTER FtH &iE, E4AKEHE, SHE,
alll 8k

BE (RN BIT 23 EIERNA YU A V2 ERTIRNICETIT2 2 L2 HIEL, W
WoMaHEE L GREMNEZT) Fv 725 WEL 2. PR 19EEE 7R (RO18077) o
RIFICEDE, v 2 WRT 2iREL v, HERIREE, (KEZEREIY Analog-
to-Digital Converter (ADC) , 2,34 L a4 L7 5 RISRERIEZ 7+ 1 VR
TEG & L CikfE, ADC 0 43fi#GE% 8bit 2> & 10bit Ic[f) L& w72, F 7, MERIHAEO Wk
ZERD T2, AL TV AL VIEEREREE L X 2 L — s AL 7.
ERETHAR : 3 AHDLE, 4 AHAEN 5EHY—JL @ Cadence #k Virtuoso, SII#: SX9000,
Synopsys #: Star-HSPICE, Cadence #i: Analog Artist, Mentor #: Calibre, Mentor
CalibrexRC, ;S YIYXF¥:1,0000 L, 10,000 K% HEZ> :v—24 CMOSO0.18um 5. 0mm 5 v 7 Fv 7Rl : TEG

(RFUEET I 22 &)




¥R 19FESE10EIA—L CMOS 0.18um
(RO180710)

EI.LI

13

RIEOERE U TEET DX T DIEIERE
[EEMIIKRZRZRERBZAER shrp 1K, HIR BE, /) —&, )| B,

PO &8
BEE AR eI ST 2 FPGA (Field Programmable Logic Device) # £12fb 2 Hitz 7 BB
BFAL 2L L THIRETIERAEY =A% (MPLD) 2L Tw5, SROMETE, HiFERAEL
7MPLD #v 7IcB I 2BIEE L OSREfF o, BIEBLVHREUTO2ETH2. 1) va—bLTwk
D-FR¥DEFHZTo%. 2) AEVAOIFa-VORERRL, *eVERomEEtLzTo%, BT,

'PowerMedusa; FPGA X—FIZ & 3 E2To TR B RHTH 3.

SENB ¢ HERE, PIEE, /)%, SR, EREIESE, T ERE TN 2L LT
bEEST 2 XY (MPLD) o—3EM” , & HRBEASEMM#RY RECONF2007-
16, pp.7-12, 2007 4.
SRETHAM 1 0.5 AHLLE, 1T AHKG 3R5HY—JL @ Cadence #t Virtuoso, Synopsys #t
Star-HSPICE, Mentor #: Calibre, k3 >YI &% :100,000  #HES> 1 v—24 CMOSO0. 18um 2.5mm A Fv 7 Fv 7S
gl —a—527/0y

RFRESOEFICEWNAENS Y — N

RRARZFIERMER & 5

ERAPABEER Y AT LARGEERR EVY— RER SHEAH EME DS
BME: —DDOHFAMRENT AT L2EMT 2V AT LAY T 5322 RBDI0,
PMELA % FlC RIS D &5 BT DB BE 2 S o M L) a2~ TFT 2503
TH%. PMELAKS IS MEMICR o TW0BEd, b I VY RAIBEIPNDGFTICE > TK
EL PSP RAYRBHNREDL Y, BIEHFHICBOTIEFICREETSH 5. By o JEER
ZLAEENTLREERKIEZ L VREEs >F o L THEZZITRT V. ZOF v 7T
i, EBREE N S v A= B L TR S D F IR NIBTE R L I2F 4 P2 VAl
FEARUTH L TEAZS. BPSK, ¥4 L7 Favy "=y a Vil 5 Tchh, ¥+ YH
BBE PMELA #5258 L C200MHz TH %. 2D+ 7 v > —N—OEEERD 7o, &
#eyar0. 18um ek 2 2R L TREL 7.

SRETHART : 0.5 AHDL L, 1 AHENM 25V —JL : Cadence #l: Virtuoso, Synopsys #l: Star-HSPICE, Mentor #I: Calibre,  k
FYYRZE1,000L0 E, 10,000 £ HEZFY : v—24 CMOSO. 18um 2. 5mmx5. 0mm F v 7° Fv FH&Rl : {5 (RF [AliE,
ATM 7z &)

REBMEIRMESERTF X
RRAFAREERS 27 ARG HERR LYY~ LEH CHH XHBE

ERAFIZRHRN Yy 95> re
BEE LS OBGIML - ERHLOMERIC & b 2\, Fv ZORMERY 7 DO k5 v 2 2 2% ]
BERAL, ACFy ZcFY 2V e 75 a0 V82 RRT 2 2 LM E 2o T X7, &

L2L, ZOL)%Fy T3 TP NVREED» S FET BHM ) 4 ZDOFENMETE 4L
BoTETWS. RIFRTIE, B A A2 BT 27D T AGIHT 774774 X
Frre 7 - OWTRE T 5. REFLDHDZIE7 4 — PNy Zigz I§ 2 Fik
EHRT, A TIRE T 2 BBEIINEBEF ERTIERI L DLETH D, LR ©E
W2 EWIREING. £, JAXX v v 7Nk E T IAGIMEICT 22 LTk ) AN
THIENC 8 L 72 [ AR & 5 5.

SRETHAR - 1 AHDLE, 2 AHARNE 5&EHY—JL @ Cadence #f Virtuoso, Synopsys #
Star-HSPICE, Cadence #t: Analog Artist, Mentor #t: Calibre, +SYYX&#0: 1,000 E, 10,000 K5 HES> :o—2
CMOS 0. 18um 2.5mm 5 v 77 Fv7&hl : 7+ (PLL, A-D/DC-DC av =% 7% L)
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IREREIN e W It

XED R[EEE2

REARFERERTERHARE BB BAZE

RRAFABEEB Y AT LARSBERAR Y5 — ZE#, Gt H, X[ BE

BE  FoLio 7' 0t AOMHNL & VN7 Y ¥ VLSIORELZIEICA > Tw 5. 205
FE LTSI PVTEICE Y AR 7 — % 7 7 5 * % TRl mfE it <8
fECE 2 L) mifEEfTo7. 2o THIIEREE2 HFE L L CHORHRORMEET
LV Rg 75 4 v (gate-level-pipelining) DO L WHEIGIEICOWTIHFEL 2. #E
L7z 2 € 20lmo&z BIIGEH L 2B Th D, BIfEIR#EE NIRRT, 1.
[A U EEZ 3 2 [A#%AH NMOS CTHEK X 7z [l & PMOS TR I 7z alik 2 2 & 5. 2.
NMOS &% Evaluation D IR iZ PMOS [FI#%23 Precharge T& ), PMOS [F[#%2% Evalua-
tion DIFiZ NMOS [H#%25 Precharge TH 5. LORHIIC & D EHD L T 54 v % EB
THIEMTERDL 27— DR GEDKRELH 5 Z L ahot.

SREHHEAR - 0.5 AALLE, 1 AARM &5V —JL : Synopsys 4k DesignCompiler, Synopsys £k Astro, Cadence £ Virtuoso,
Synopsys #: Star-HSPICE, Cadence #: Dracula LVS, Cadence #: Dracula DRC, kZ > I ZX##: 10,000 B E, 100, 000 4
i BEZY u—24 CMOSO. 18um 2.5mmfF v 7 Fy &Rl : vf 7u 7oty

A AX—=I VY TEG

RRARZEIZRMAER £ Yunkyung

RRAERFBEERY AT LR ERAREY Y — ZE #, HHER, X0 B
BE A BRLIEE 72V LRV TERNRER A 7 —A XA =—P I DldbDr s
L)VTEG 2 fEL 7. ZDODTEG T, D EDIREZ L LV THRERRERH 7 —%2R
WS BDICERCGBILEE RN ZNZNNDOEET 20 %2V EDDE 7 )L IcFEk
LTW3TEGZREL TR L. ZHERGB7 7 vy 274 FBAFINIRETA X
—CERNS I EERTHIRICLTWEDT, #7—7 4 VT & BHEFPHML EDVIERER
OER»E SN D, Do HIE, —EDNOMBRIEEES & BT — FIIEREE IZE RGO
JREE, EREIRME, BLXOEVEREEZAREICT 2. NEBIGERIEE L, Bwdy AL Py Ly
Dl-DICHMZET 20 ffbNTwb. 74 b7 47272 —FHlFEMIC T LVHBET
FTCREFINIOERINTE 2. T, AOHDZDITHRR &R EZETNBEDH
FAEOW T2 BEETE7 7V r—> a vy CONRPET SN 2.

SRETHARD 1 1 AH L, 2 AHAM &5V —JL @ Synopsys #l: DesignCompiler, Cadence #: Virtuoso, Synopsys #k: Star-
HSPICE, Cadence #: Dracula LVS, Cadence %k Dracula DRC, Mentor %I Calibre, MY ZZ% 1000, 100K =
£ > 1 m—24 CMOSO0. 18um 2.5mm f1F v 7 Fv 7f@5l : TEG (Ret:arilillg 2z &)

A=Y RY M= 214 ARE

REARFRERIERHARE Rt K##

RRAERFEERY AT LR ERAREY Y — ZE # tHH, X[ BE
BE  NBRIKOEE %2 E%2 HTTPRHTE= 4 VY I TEL T Ty + 7 4 — L DHHE,
FHIiZ4T I ICdhih, 77y b7 4 —L2FEOREICHIE, A=Y Ry b AV I =T 24
ADMERIT oz, FEBICA —F %2y V=TIV EHE T2 0DEF) N J4 3, ZHL >
—NPWHER O - » oYLz EdAtFob oz FHALTE Y, AF v 7TIE TCP/IP ©
FT=2 VY7 EONHEIT>TVwE. ZOF vy 7R — Attt R Y ¥ —Fe LT 4 7
FVERBEH L7z LX=2LSITH D, 6KByte D SRAM 2 & A TW2. E&MIIE & 2
2.0'Tmm 2 ThH 5. TDAL =Yy A ¥ —7 x4 A3 10Base-THUKICHNIET 5 DT
H Y, EEH, ZEMHOES QA & %EHIC 2KByte, Z{5H i< 4KByte @ FIFO /3y
77 &FEoTw5.

SRETHART : 0.1 AA AR |/EtY—JL : Cadence £k Verilog-XL, Synopsys #: DesignCompiler, Synopsys #: Astro, Ca-
dence #: Virtuoso, Mentor t Calibre, ~Z>YJX&5% :1,000LL L, 10,000 K% HEZ> : v—2 CMOS 0.18pm
2.5mmx5.0mm F v 7 Fy &Rl 7S/ T NESAE S a R v




BROVAVTFTORESDEILFATFVEEICTFI Y IVEIRR
RRAZRZERIZRMARE  HEEX

RRAFABEEBE Y AT LARSBERAR EY 5 — ZE#, Gt H, X[ BE
BE : DN 7 ABBEANT 2T L2EET 2V AT LAY 77 AZKEBIL H 2734
2 & LT, PMELA#ZEZHWTHER L 2 LV a v TRFT 23281 511 %. PMELA i LT
1Z SIS RDSEIRIC Y, HEHF IR ZD LIS TFTOF v ZARBEEI NS LI ICLA 7Y
P AMEH Y, WAIEZD L) R E WAL T &) S ABRIERGIREZMBEL 2. K
ECTIZ DO LAY YT —Fe L7477, ANy 77, BXUOZzns
EHOTEG Ly —F AN - ST VSR =P 2 2L =9 R EDFY & )L
BHZ DWW T ZDOBEA AL TG 2T, YV ary7ew 22 R L T2 oEfEfEZR%Z{T-
7o, AIES N REIBIZ DXL - BRI O\ TIER 2 BifE2 fEZE L, R4 2SREEE L 72 3Gt
BB FEHATRETH B Z LR L .

SREHEAR - 0.5 AALLE, 1 AAKGE 5|jEHY—JUL : Cadence #k: Verilog-XL, Synopsys £k DesignCompiler, Synopsys £t As-
tro, Cadence #f: Virtuoso, Synopsys #l: Star-HSPICE, Mentor#l: Calibre, K~S>IJ 2 &% : 1,000, 10,000 K6 =HES
Y :m—24 CMOSO. 18um 2. 5mm 45 v 7 Fv FHER  HEREEE (EEH, BREHZL)

P u

XEDR[EEE3

REARFRERITERHARE ER BAZE

RERARFABEEBE Y AT LARSBERAR EY 5 — ZE# tHEH, X[ BE

BE : BoEo 7' v AWM &N T Y X VLSIO KR E ZMEICE>Tw 5. 2ok
FE LTSI PVTEICE Y AR 7 — % 7 7 5 * & v TRl S5t <8
fECE 2 L) mifEziT->7. 2o THIIEREE2 HFE L L CHORHRXORMEET
LRV oRg 75 4 v (gate-level-pipelining) O L WIHEIGIEICOWTIHFEL 2. E
L 7Bl 2 €Y 20O &2 BISIGET L 2B Th b, BiffldREE L TIioRd. 1
[{ U EIEZ 3 2 [A#% A5 NMOS CTHEK X 7z [l & PMOS TR I Nz alik 2 25 5. 2.
NMOS &% Evaluation D IR iZ PMOS Rl 23 Precharge Td 0, PMOS [F[#%2% Evalua-
tion DIFiZ NMOS [H#%25 Precharge TH 5. LORHMIC X D EHD AL T 54 v % EB
THIENTERL, 27 —DBZA EDHREL H 2 2 L ah ot

SREHHEAR - 0.5 AALLE, 1 AARM &5V —JL : Synopsys #: DesignCompiler, Synopsys £k Astro, Cadence £ Virtuoso,
Cadence #k: Dracula LVS, Cadence fl: Dracula LPE, Cadence fk: Dracula DRC, k~Z > I X% # 10,000 B4k, 100,000 A
W BEZY 1 m—24 CMOSO. 18um2.56mmféF v 7 FyTERl : v (f 7u 7oy

RFENMNENERXZEROKE

SRRFREREAREHARE FRRXK, T8 X, B X
SRREXZRETIARE L)l EX, K #h—

BE . e /NE A ZEROBER T o 7. ABEIE, SERREKEF v 7HICTHE
L, BfERERREZ BE LCw3, FEHEglx, LNA, MIXER, 47f#, Active Band
Pass Filter, PGA, 7% v 7 <8 AD Z#idi, FSKEFH (72 1) , PA, VCO,
PLLTH%. LNARTA VL —YavEHDIOHIRAa—FiEE L7, Active Band ;
Pass Filter (334 % v FHTH 2. AD ZHid S/N 2R T 2 dIc T Ly v /<ML 'y
Lz, TOZNVBEBICE T L —FREHOTA X —PERT>Tw5, VCO I Ko
sua Al y PVEGEEFFOPMOSHERK E L7z, PLLIEZTNLVY > 7V~ EHGsEz w777
YafANBELRSTWE, TAYY 7B TCPLLNGRABROS R EZEZ 5 2 LI
D FSK Izt L Tw5b., PA BHErsME2HATGI 2T ENTES. £,
MIXER, 47/i#:, PGAIZDIEIEL 72b D L AKTH 5.

SRETHAR : 10 AHBLE  E&EHY—IL @ Synopsys ft DesignCompiler, Cadence #: Encounter, Cadence #: Virtuoso, Mentor
Calibre, FZYIZXZE 1,000 L0 E, 10,000 & FHEZ> 0 vw—2 CMOS 0. 18um 2. 5mmx5. 0mm F v 7 Fv FH&hl : 7
F 7P
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IREREIN e W It

CMOS FNRARADF v 7R « Fv7RIESDOZ DRI EEIR/ 1 XK
TEG
LEERZEXEREIRMERZHRR R s, BEEX, ZHEF
LERZEF/FTINAL R « N1 ARERIEATR 0%,
NIV N\VR AT Y,
MEETL
BEE  LSTHLERA O LN ET Ic >N TELEIZ S > Z OREDHE L 2 b, #iEIX S
E R RIS PHIATRE R B ET R OBEI RO ST v 5, KTy 7 ClRELEIX S > E i
Wre, PV RY DI A XD TEG G 21T 7%, Bkt 7 v 2 27 2 6 KBl
BB HSIMET VDRI X =il %iTo7. £/, ZEFIERKEZHWS Z Lick
D, Fy7HIEe2&LF vy THIESDE0NHET, HISIMEFTLEH VTS v 7
[, Fv7RNEFs2&znErnoe T Mlzir>7. Z0fh, SRAM, Vv 742 L —
Y, THu R EOTEGZH WA Z LT, MEKICKIT 21X ZOWELMITT 2 L L IT, MITL AT TN DREERGEZ T
IHEMNTE S, W/ A XEHTTEG & LT, pMOS & nMOS %38 S ¥ 7 #53ED TEG 28G5t L 7. 2D TEG OMlE & D Mk 2 A4
RDFPEDFM T 24T I EBTE S,
SRETHARD : 0.5 AHLLE, 1T A& 8&EHY—JL @ Cadence #: Virtuoso, Synopsys #t: Star-HSPICE, Cadence #t: Analog Ar-
tist, Mentor f: Calibre, Synopsys fk: Star-RCXT, Silvaco #: SmartSPICE, NS ZXF%:1,000 L0 E, 10,000 A5 HHES
Y 1 u—24 CMOSO.18um 5. 0mm f&F v 77 Fv 7Rl : TEG (RR:EmmE 7 &)

SBREEB7 O FINA XD TEG FHIE
PRAFRFREETAMER M XN, 8RS X, IkEF &, &H 1558, flE i,
Nig &2, 24X Kig
BEE : AT 21200, EAKETMOS b5 v P28 0 55T MG OB
I s> T EFRENS. ERETMOS F 7 vy PRI FETIHEE LTS
—FAREVIBDRHY, =+ /A4 R ZDEBEANOMT RS ORI ZITL D F
ET BT ENEAINS. LNAICRE SN BEMES 2 ERT 3 B0 T3 2 DM
REDOMEE HFICH > TE L BEBH S, L L, JOMSHRES Oz 7 vt RIKFET
BMETH Y, EHHRAREBSAUETH 2. REDOUBOWFERREL D, b7 2¥
OWERICHT 2EMEEZ —E & LR BWED L N A 0¥ RHE % 1 2 FC, W@
TR DftizRD 3 FiERMESL L. 2O, KD731E90nm 72 2ADHDTH >
7. 22T, 03 0.18um 70 ATHD S ERD B DI, WEEEILEEL5 3y -
DLNADTEGZHMEL 7.
SREHHARD : 4 AHDLE, 5 AHKS 8EHY—JL : Cadence #: Virtuoso, Mentor k: Calibre, K3 YIY X% : 1000 E, 1004
i BEZ> i m—24 CMOSO0. 18um 2.5mm 5 v 7 Fv 7&@hl : TEG (RrikFFmimn e &)

Bt A ASIC @ TEG

REARFIZFRMARER ER R, A A, SF S

BE : PET (Positron Emission Tomogaraphy) FH o7 > < itigsse MSGC (Micro
Strip Gas Chamber) % &&hih:r, 7 v <tk E oSO BESERHE~OfiH%Z B1Y
LT, BfEEE 1. 83VROHMO. 18um i THUEEM L AE S oR/E (TEG) 282
ot BENICRBMESR 7V 7V 7, AT VYT, FIVPRY, avL—75,
DAC (Digital Analog Converter) 7% &% D8 T\ 2. KF v 71345 B ORI 1<
ERR LT 5. KT v 7OFHIIC & O & RRE, SFHERIED € 2 2 VB BURTR HER C 32
L IND2NVFF v RV ES AR HO S &2 21 5. FBRES O 7Y
TYTDI) ARV OFHIIEFITY, ENCHE =< A DfHTI000 EFRETH-7. &6
IS TREBIERRZT> TV 5.

SRETHAR 1 0.5 AHBLE, 1 AHRNG %5V —JL @ Cadence #: Virtuoso, Synopsys #
Star-HSPICE, Mentor tk: Calibre, ~Z>IZX &% 11,0002 1, 10,000 K% HEZF> : v—24 CMOSO. 18um 2. 5mm 5 v
7 Fwv7ER : TEG (RpM:EHMhaElEs 2 &)




IR ID SN Y Y RUMESNIE D iR

EERBAFET 2 AN EN, K EE

BEE . AR T, ZHHEFEEXB8DT7 L AR L THMFEORIICA DL THUEE DR
FF2ERT2HT, 72T 2 EREREEORSE - Tz AT > 7. Bl L %
F v 7B AMEMBEE A TEIEZ{To 2. 7L ARICT 2 L4 OZGH LR
DUTRERTZHS D, ZHRTELT, 74 A4 —F XD EEREZR p-well
pnp b 7P RAYDII v ¥, Deepn-well Z2R—Z, pBIEZaL 73574 b b
TV AY A L. AREETITEIEIRD L 5 P AF XA v 5D ON/OFF 24D
BZ2HIE-T, HED7 4 b b7y P AP % WESH 5. BANIZIZ Deep n-well %
RN & THIERNETFIE 74 L F 5P A7 E LTEIfET 2. Deep n-well 2 Vdd &
MEFTNUE7 4 P F I VP ALY IFIEEIIREELE 2%, 51, HHFI VAL Y E—SF VR
TV, HEIRAAL v FENEL .

SRETEART 1 0.5 AHBLE, 1 AHKM &5tV —JL : Cadence #: Virtuoso, Synopsys#l: Star-HSPICE, Mentor #k: Calibre, ~
FYVIRIE 10D, 10040 HEZY i v—24 CMOSO. 18um 2.5mm 5 v 7 Fv 7ERl @5 (RF A%, ATM 7% L)

AfRNBEERE Y Y E L UESNERDEE

EBRESBAFETRE R ESSE, A EE

BE : WgLAEHIC L D ERE, SRR FEHAET 2D EMEOMED R %
74 PTAA—FREHMEL, BIRRELAZF Yy 7OREEZRET 2 XMEIEET-
7. FE¥ECMOS 7ut 2 CHIHTRE 2813, PARIENKE, N7 =L@, PYo)VE, Nk
WE, PHAEJE, 2L <74 —7NYzAETHY, InszillatabeTEED 7 #
FAX—=F, 74 b7 PRIERELL. 612754y, FEBREORZZ WD
DD FTVAL VE=F RN, Ny 7 pllER EREE L. FPI VAL v E=S Y
A B AEE E Z N DY EETLO Hi-PolyR#EFIZFIH L ¢, BIEMRE LTL XL
ATy FARIA—FHBRZ LD, BANAL v E—F 2 R EIRHER, BEMRT A ¥ O %
Ko7z, 74 A4 A—=F, 74 b7V RATHEDM, F TV AL v E—F v AREE
D—RLL7% 74 b7V RYRFG LT

SRETHART - 0.5 AHBLE, 1 AHKM &5V —JL : Cadence #: Virtuoso, Synopsys#l: Star—-HSPICE, Mentor #k: Calibre, ~
VIUZRZE 10D L, 10045 HEZ> :v—2 CMOSO0.18um 2.5mm A+ v 7 Fv 7Rl 5 (REEEE, ATM 7% L)

]

AIRNBEEICLZIMNEREA7A NSNS YIRIT LA

EERBAFET Wp X, IR EE

BEE : 3L oW EDEAIRED & 2 N FNOMEERIEFB I N T2 & Fig, TEDEEIR
O HIRDRETRE A A =Py TREL, FRIZA X =% v EADNRDO BT
EERNT 2 EICh DA A=V I OME L LR ZRINTE S, HiBRINLF v 7
BT AHERBEZEEEZTBILEZITo7. ZOETTIEIDL ) BZAETONHKEZH
LT, ZNHEF L2 OFERME, 77— oEERDIBORME - FHiZiTo7%. 7L AR
T2 LA OZHBERA L CRERT 2B O, RERFELT, 74944 —
FEDOEBEER7 4 b7 P27 2E#CMOS 70w A THEL ., 612, #HEO
ZHETEZSVTNVESTEIRTEZAA VY —T7 24 AN, HHEFF 2L v E=F Y
AT v T RNEL 7.

SRETHAR 1 0.5 AHBLE, 1 AHRNG %5V —JL @ Cadence #: Virtuoso, Synopsys #
Star-HSPICE, Mentor #: Calibre, KZVIRZE 10D 1, 100KH HEZ> 1 v—24 CMOSO0. 18um 2. 5mm A F v 7°
Fy TR : A A=Y/ A=ty
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LDO o &mBiEE D& E g

BREBEEAFZFEFIFH HENG SOCHEAT, &4 7

BE: ) —ALX¥aL—FHUT "V¥al—%, BETERORR L 70y 7 ICHEE
INTVE AETEREDERZ NI T E720I2 A4 7 axy ¥ DSPIZERLL S
U, BRSO BB KIRICEMT 5. 22T, MEOEEZHI) L X 2 L — ¥ iKY EE
T, EAEEE, WAURE, K A RE W) F B BERPBE L2255, EXLICk 770
Yy ¥RDS P, MBEBNZHNT 20, B 7y 7I1cE L THE™MTbONS
HRAPFHHAIN T 5. A0 70y ZIZNE 7 vy 7 2@ 1E L CEEERZ T, 4
BLOIG U CHEIfER RS 5. 2 0 & ZICERND 6 /5 & MATTRIRED & 2 AR AEIZIFE
PN ZALT 3 72 DR O AMDEIEIGS 2SR D 5 5. AFZE o B, @BIEH R EROBE
R S BRIE 2 BB 2 6 2 TRBICRE TE S L X 2 L — Y 2 HBIT 5.
SRETHAR f 2 AHDIE, 3 AHAN $EtY—JL @ Cadence f Virtuoso, Cadence #
Diva, Mentor#t Calibre, +;SYIRZE 100801, 1,000 &EF> :v—2s CMOSO. 18um 2.5mm fyj v 7 Fv T
A 7Frul/FINMESTUE T Ok v ¥

RO SDOESERERE (W1)

ERERIRFETEE o et

BE . AF v 7Tk, fEIEORELZE TS 720 O 540 2 1 L 2. [k iz e
MeEonZT = oBROT7 TR/ EHE2HERT LI L 2HTFIIANTVEDT,
lchDF4 PZNVF—=2958chd7ru /ol hzHENTEKL, HHTE2Fy 7L
o Tw3, ARESZ, MRMROFENHETE 2 L) ILEF ¥ FNTEEDIA S v T
FEOWEZAERTES LHIICLTEBY, FIWHOAREIZS VP LT —F 25 L LTF —
GIERT B2 HDT A Y VA E DA a v N—F, ART U TR ETH L. Fi, MiRE
By v TR Fy TOEBINCERR LIBT3 28Ik D, v Fy 7 THIBOH
MeEey> v F%4THIENTELF Yy 72BEL LTV,

SRETHART 1 2 AHDLE, 3 AHRN |/EPW—JL : Cadence #f: Virtuoso, Mentor #: Cali-
bre, SV IRH%E 11,0000k, 10,000 ki #HEZ> @ vw—24 CMOS 0. 18um
2.mmMFy 7 FyTERl 7T VR

BHREEF Y 78 LVCA Y F v TEIREIRE
RRERKZEERITHFTRR At RR, iRFFH B MK EN, T8 E Al X
K BR
RRAFRBEEE Y AT LRSBERAR EV 5 — aEEE
REXFIZRATE T 62
BE: (1) BEERTar 2D R —) ¥ ZIcflEo THE S N 2 g RE o B2 Al g 722
DI LT, AHID 8y FIZ/ANEUESEE 22\, ZDkd, Sy FEEBS LTFy 70
HELZHINT 2 2 L2 HME L, EEMICES2HEEL QHET 27 00XEHE L UG
HAIF 2 o ¥ 2B L7z, HEEGED -0, 77— K7y 712 THRE» S AT
EHMEEE L. (2) AvFy 7RAENE (7—Abavy o —2%) oMiEREZEHT %
7D DM EZRIEL 72, BTG TAL v F o JREEE VI DB 2 26l X2 EE
L7z, FRMERICIE - 7 v P AR, BRERE, REIXSSE20WELRZ TRV TREE
Rl 7, A4 v F Vv TRBEBEFRETILYAZEINEL D TN T a7 7 LlEge i e L.
SRETHARE - 1 AALLE, 2 AARN B|EHY—IL @ Synopsys #: DesignCompiler, Synopsys #: Astro, Cadence #: Encounter,
Cadence #t: Virtuoso, Synopsys#t: Star-HSPICE, Mentor#t: Calibre, K~SY Y X% : 1,000 1, 10,000 ki HESY :
v —2 CMOS 0. 18um 2. 5mmx5. 0Omm ¥ v 7 Fy 7Rl : v~ f /u 7y




FER204EE1 EO—LA CMOS 0.18um ik

(RO18081)

Digital-Pixel-Sensor &R\ - RS E S5 & E VLSI
RERRKFRFRIZRARR  KoAE EHE

BEE  EWRIETER S AT A0 ORI VIS 2 G L. CORMETE, 4 A=Y1 v LlGUENE%H
CFy 7OLIERTA 2Lk, BB E L (W& Digital-pixel-sensor (£ 74 ¥4 VAL & DA
DRV ED, SHOFHTRA A=Y v F—IRA L. 4 A=Vt v+ — L RIS ORI IR L 7a y 7 )
=F7U N T=%77F v —RFATH I LIL 0T, WPRERINE IO 5 2 L R WHIC L. RFFRHEE o BE
KEROHRBET 1012, Rank-Order Filter 70 2 X AEDWT, 2EEEMTFR 2L 1. 202 MR X
D, I VR RS =y M LDy YRR 2B TR, 1194 7 VTEBITE 3. WEkRLY, ZoFy
713 60MHz OJIEBE T2 TR 2 LEBIET 5 2 L AWATE 1. HERMEDBEV D, HH60 7V -4 LR 1
BDTERVE, 1y VII0.2ms T JEBTES, COAE=FIR2GHZz O 7 vy —=TES Y 7 b EHKL T
A00f5EETH .

SXETHAR 7 AADIE, 8 AAEN EREHY—IL @ Cadence #: Virtuoso, Synopsys
Star-HSPICE, Mentor #f: Calibre, KoV IZZE 100,000 4 &HEZY : v—24 CMOSO0. 18um 5. 0mm A F v 7 Fv 7
BR: A AV v/ Ae— kv

A Multi-core/Multi-chip Scalable Architecture of Associative

Processors
RRKREZERZEHRBEIRBIZHRE BuiTrong Tu
HRARZFARZERTZRARE  KHEHIE
L : In the literature, several fully-parallel single-chip architectures of associative processors were proposed employing analog
and digital technologies as well as mixed-signal implementations. In order to attain high capacity, multi-chip architectures based on = |n|
all-digital technology have also been introduced. Although these systems offer accuracy, they occupy large chip real estate and = ml
usually have complicated structures. On the contrary, analog-technology-based system employing time-domain winner-take-all
(WTA) s introduced in this study. Based on the fully parallel single-core associative processor developed in the previous work, a
multi-core/multi-chip architecture has been developed. The problem associated with inter-chip communication delay which is criti-
cal in the time-domain WTA operation has been resolved by a newly-developed winner-code-decision scheme. In addition,
switched-current technology has been utilized so as to further reduce the power consumption. For the purpose of demonstration,
the poof-of-concept system in this design is composed of four associative chips, namely, one master chip and three slave chips. Each chip consists of four 32-vector cores. (Each vector has
64 elements of 8-bit numbers.) As a result, a 512-vector associative system is constructed as a demonstration. Each core including a memory module and a matching-cell module occupies an
area of 1760 um x 570 um. The size of matching cell is 19.7 um x 7 um. The operation of the system as well as the concept of design has been verified by measurement results of the proof-of-
concept chip designed in a (. 18-um CMOS technology. In this design, the power consumption per matching cell is reduced to as small as 0.79 uW. The system has the possibility of a large da-
tabase capacity by employing the multi-core/multi-chip architecture. In principle, search time is independent of the number of cores as well as the number of chips.
2EXWk . [1] . T.T. Buiand T. Shibata, "A Multi-core/Multi-chip Scalable Architecture of Associative Processors Em-
ploying Bell-Shaped Analog Matching Cells, " pp. 1819-1822, in Proc. ICSICT 2008, Beijing, China, Oct 20-23, 2008.
SRETHARE - 4 AH DL E, 5 AH AR |50V —JL @ Cadence #: Virtuoso, Mentor 4k Calibre, Synopsys HSPICE, Synopsys Na-
noSim, bMSYYRFE 100,000 #HEFY : m—24 CMOSO0.18umb5.0mm AF v 7 Fyv 7R : 7Fu /T2 UVE
S 7Yy Y

SFQ/CMOS /17Uy RXAEJRAH6kb XEY

BWREEIZRERZRIEM Al

BWEEIZREXZRITEMAFER HNAET

BEE - xR mi i o 2 ZIREE L LR ET (SFQ) REREOMAEZT>Tw2. 20
SFQ ML IC & 2 HEMEE & CMOS 12k % X €Y ZflAG b 2 HIC ko THMFAH L, P OEHEE 2
WL XYY AT LEREL TS, 4, SFQ/CMOSNA 7y FAEVAXEY RMEL. A€V LV
I3 P 7YY AY SRMA 210 TED, Z0RRIZ64kb TH 2. £, YATLDA VI =7 24 AAKTH
%, Josephson/CMOS A 70 v K7 70D CMOS D HIER L 1z, SNEFTORINTIADBH o7, 4
YN=YDBFETA VBEPo TR, FEMIM ¥ v SV Y RREBIEL L. FE2LEIE S50, [MEO
FADEAZNVAETGNDIZBELTWE, ZOFy T TRAERVEZOARERT o7 8 24, EHHERHER
L.

SRETHAR 1 1 AHDLE, 2 AH RN $&EtY—JL @ Cadence #f Virtuoso, Synopsys f:
Star-HSPICE, Cadence #: Dracula DRC, Mentor %} Calibre, NS> I ZX%Z#1:10,000 D4 F, 100,000 4% SEZY :v—24
CMOS 0. 18um 2. 5mm f4F v 7 Fv 7Rl : X €Y

=

I[N W O



N
N

ISR N e S i

ERTINA RAETFTIVERATEG RU'X € ERMONR

BEEEMKRERERTEASF EA &%, BB KOHK
BWREEIZKREXZRITEHF ERS

BE © xR miEgic o 2 X RREE & L CE—HEET (SFQ) FmIEME O
Z{7T> T3, 20 SFQmHMIEKIC & 23N & CMOSIc k3 X €Y 2ilAGbE 2%
ko THEEGEAR L, 2 oEHEB NIV IEER AT RATLAEZREL TS, 2OV A
FTLZBIT L 70 FREEERO 7 DI IFERICBITZMOS F 7 v PRI DTNL ZAET
NI E T . ZDTd, b7 v P AT ORRHE, FIEEAREZMET 570D TEG %
TR L 72. 2D X9 7% TEG IZWEEEIC B AR L 7223, S SICFEL S K2 N5 - 0,
U7, £/, BEEHOY Y 74> V=8 SER L 72, 72, X BV EEREIE T2 -5
AV EER L7z, 206 DERICB W TIEFEEIMF STV 5.

ERETEAR (2 AHLLE, 3 AHAKM 2jEY—JL : Cadence #: Virtuoso, Synopsys #f:
Star-HSPICE, Mentor #k Calibre, k3 >JZX&# : 10,000 L E, 100,000 £ #HEZ> : v —2 CMOS 0. 18um 2. 5mm i
Fv 7 FyTERI: A€

RF Ei&E&5t D=8 D TEG & VCO DOF{E

RIERZITEZRAER RE &, /& HKE, Pk &R

BEE : CMOS 71 & 2 D#HMEIZEE CMOS 12 X 2 i JE IR SER A 0 EBAASHEA TV 5.
EEEE R E RN T Fa JhgERE T 2013 AT A e 2B E F YRS,
Xy, AV REDREEZH S LOUEL TEBEBH L. AF v 7 TiE b
5P 27 DDCHM:, REEE:ZMETE 2 TEGRA L IV A &2 4%, MOSNNT 7
Y DTEG ZikEL 7. £, EHELEERICE L TRADBEEMBED—>TH % VCOIZDW»
THERN R EZ 502 72 D Ic— 72 2. 4 GHz D LC-VCO Z2## L TE b, [HIEHER
W2k 2EOLEIHIT 272012 NMOS L CMOS #lo 2 fifi# iAfEL 7. TEG @ DC HlE
PSNIA—FHEI LY BERTFOHBEN T -5 2B N TER. £, VCO I
1.68 GHz %> 5 2.43 GHz O JHEECHIR T 5 2 L 218 L 7.

ERSTHAR : 1 AHBLE, 2 AHRN 8&EHY—IL @ Cadence #k Virtuoso, Mentor ¢t Cali-
bre, IZYIRFE:10DLE, 10040 HEZ> i v—24 CMOSO. 18um 2.5mm A F v 77 Fv F7HHI : TEG (Rpk:31H4i o] #%
7E)

Bt A ASIC @ TEG
RRAZIZRARE ER R, A A, SF S
BE : PET (Positron Emission Tomogaraphy) FH o7 > < itigsse MSGC (Micro I

Strip Gas Chamber) % &tHhT, v <t EOXMOBEHR R RA~OHHA%Z BN
& LT, BfEEME 1. SVROHMO. 18um I T ittt it A{ES R ORME (TEG) 282
ot BENICRBMESR 7V 7V 7, AT VYT, FIVPRY, avL—75,
DAC (Digital Analog Converter) 7% &% DTV 5. AKF v 71345101 O Rtk 3T H 1
fEL L T 5. KT v 7OFHIIC X D S0 RE, SRERED E 2 2 )L BG4 38
LN IVFF v FOVIEEHEHE S UIEREA OO 201 . EBMESTO 7Y
TYTDI) A AL VDEHIIE T, ENC2IE =<2 ADfET3000 EFRETH- 7. 5
IS TREBIFERRZT> T 5.

EXETHAR © 0.5 AHDLE, 1 AHASE  5&EHY—JL @ Cadence # Virtuoso, Synopsys #
Star-HSPICE, Mentor % Calibre, NZYYZX&Z% 1,000 M E, 10,000 ki HEZ> :v—24 CMOS 0.18um
2.5mmx5.0mm ¥ v 7 Fv FHER : TEG (Fpi:aHing 7z &)




EWF ¢ 97 JVERETRIRIC XTI U I BiR S DT 556 L Elg
EERMRERZIEARR #}WAREA

EEFMREXFEERIFER B O+

BE AV T 4 O YOV R T E 2 EBRMEZT OB LEEE [1] 23 /EL T
2. 3Ty 7 BTk, BEHERRSE (VCO) , D7V vy 770y 7, SHABICEIEK
HMHzEBEO vy 7E52AEML, EHMEERAEIEL4 N8 F A VITATIL
TWw3, F, HEZBEBL UIHHELICRELRES2ERT 2 720 OMIENE T,
B O Z 2 28\ 2 & & THEE OFANE DL L T b MEH OIRIRFE 2 12T ho# i
MRT2ZEDTELIIICL TS, E51, THuZRESE» N2 HEETOFEN
TR EARHE T 2 BT 2 7 o1, MEE ORI 2 AGER T, BRI 2 E U TR O
Wz s 5.

SEXE : (1] TIEEECO6T 5T 4 Y7 VA TRET 2 M O 5 Ll
#%, SARTIA, AT, HAGEHE, F2% (A) , vol. J92-A, no. 4, 20094 4 H.
SRETEARD : 0.5 AHMIE, 1 AHRNE 5j5HY—JL : Cadence #: Virtuoso, Synopsys #l: Star-HSPICE, Cadence #: Dracula
LVS, Cadence fl: Dracula DRC, Cadence fl: Analog Artist, Mentor #: Calibre, MUY E 10000 E, 1,000 A0 FHIE
ZY :u—24 CMOSO0.18um 2.5mmfF v 7° Fv 7Rl : 7+ wr s (PLL, A-D/DC-DC av =4 7% L)

Y RYMNT—I O RAFLEZER | COFME

RRIEXRFETZMRR BRI B4, BAXE, EEERX, ZOFLALTaT7Y
BE: vy 2y b7 =73 AT L0F%ZE 1 COfEzfro7/. 22T, 300MH z
JABE 2 MR & LTV, RFFAEOMIIRREZHVwTws, 7—2DEXIEFBP SK
2537782 v, 2.5kbps DIERL — F 2 H T2 A7 4 2MEL Tw5, £/, ZfEV A
TAHBTA LY bar =y a v HREBERL, ZEV AT L0fREKS. &1 ClE
BMELS AT LZFERT 27D &RmgE 70y 7 ORMETH D, FIIEZE N %P
BIERMAEL, F50RIEE BTN, 2RI, <7 —7 v 7hlEs E2ERL v
5.

ERETEARE - 4 AADIE, 5 ARG 5REPY—JL @ Cadence #: Verilog-XL, Synopsystk
Astro, Cadence %k Virtuoso, Synopsys #: Star-HSPICE, Mentor #l: Calibre, Men-
tor #I: CalibrexRC, oYU E 10000 E, 1,000 Km BHEZY : vw—2 CMOS
0.18um2.5mm 5 v 7 Fv 7Rl : 7+ w2 (PLL, A-D/DC-DC a v \—%ix L)

VT yoL—9DBHEHEENL2

RERETEE EO X3

BEE 0. 18um L — L2 W IS RO Y v 7 v v L—F 2T, BRNA 7 A% R
VY7 Fd vy Lb—F 5 Z 5B AT 5. T5BRDOARIHMNNA 7 A2HML, iz
TR—=FT AV T ELEEAELETRT 78 —=T 4 VI LG ADOWEEE N O£ RIS
B, BARICOVZAML 58 EEDbe T, 70—F 4 v 7L LTHEEREMLL 2w &
EMER L. ZUC kD, —HoBEoRERE 70 —T 4 v 7L LT, BfESE % 2 &5
BThs I EDHERTE, ¥4 F Iy 7tz ary e — )L LIEINEE ) £ T 2 1EME%
RY T EWTER. HEPONA 7 AN XD, 10-20%D S EE L2 FEH L 2. I 51T,
HVMOS & LVMOS o [t % £7vs, LVMOS o gtk & S EE 2R T 5 2 £ 8T
&7,

SEER ¢, YR, 7 ERANA T AR R OENBERN Y v S AL =27, B
2, 2008 A KRE

SRETHART 1 0.5 AALLE, 1 AARNE |/EHY—JL @ Cadence # Virtuoso, Synopsys #: Star-HSPICE, Cadence #: Analog Ar-
tist, Mentor fl: Calibre, +;ZYIYXF# 10080k, 1,000 K6 BHMEZ>Y :v—24 CMOSO0.18um 2.5mm v 77 Fv7&E
All - TEG (RRIERHGE 22 &)

I
w

I[N W O



B
D

IREREIN e W It

FR20EESE2E0—L CMOS 0.18um
(RO18082)

glulhl

13

{EBEERIE S A7 LARIT 158 MS/s JPEG 2000 J—7v 7 LSI
SRRZBEABZAER TR #E—, R B, H S

BEE @ BifE, 2639 2%y b= 0REC L) BREEOHEE  BEMUSERENTwE, £, THIBE TRIGE
EHHEETHS, N6 OEREEL TIGERREN & LTIPEG 2000 521 55, ABFAETIE, JPEG 2000 OHCAEA
BHCHEED%\EBC (Embedded Block Coding) Hic oW TUTFOH L WREAAE L7 =% 77 F v 2% L 1.
By M7V = VAR L ASAWFHRCE ) AV =Ty FRIEEDIXE Y F 7V —VEBEL Lk, €y b 7L - 0iFi
R4S regular mode 4 #—+ L, HEELLL, SEOMEI L >TFa-FEOANV=Ty b 2 LI,
EBC & & U'BPC (Bitplane Coder) 7—%7 7%+ %%, 160 MHz&{fC 158 MSample/s DAL —7y b & FEBL 12, Hi
WHAGRROT =% 7 F vl kha=F7my JHA€)ER% 64%, BPCHAE VAR 6T%HKL 72, 0.18um 702 AT
AMERITWT = MR 1005, v 7B 7.5mm fich o7k, LSITAY Tz T EEBERHERL 7.

SRETEAR @ 10 A 5%EHY—JL : Cadence #f Verilog-XL, Synopsys # Design-
Compiler, Synopsys #: Astro, Cadence %k Virtuoso, Mentor #: Calibre, kZ>Y
ZAZE: 100,000 HEF> : v—24 CMOSO0. 18um 7.5mm 5 v 7 Fyv 7@Hl: 7w r/FYINVESUETa X v &

2B PLL
RRERRKERHFEER Y AT LEHBERAREY Y — ZEH
BIE : VDEC TRAFED IP 2D 2 A2 570D ERTWS., FEEINEIP D
¢ PLL IETREEDL WIZh 20 6 TGN L {, FHIHHAD PLL 2 HE T 20208
L\ E W) RN H > 2. 4l Phase Locked Loop (PLL) [H[#ic->w>T VDEC IP
BT 270K F v 7%E{E L /2. Phase Locked Loop & Phase Frequency Detec-
tor (PFD) , Charge Pump (CP) , Voltage Controlled Oscillator (VCO) , Low
Pass Fileter (LPF) , Divider (DIV) I2Xk->TH S 5. 40, /4 X255 T
IZ Dual Rail 2 il > T 5. 206 OEERIFFR VDEC A — A=Y RIZTARMFE
Ths. 7, [P T%L, PLL OFGHTEZR MRS L 2M@HEDRRICRETETH D,
'VDEC EDA B#5IcB 1} % b 7 v P 27 LV RIEKEGEHG) Ofitih & k2 PETH 5.
F 7o, BETHELZ T TR, WMED 7D DML, WED /) 7Ny 7 £ S FINICHEFHT 5.
SRETEART - 1 AABILE, 2 AARM 2|/EHY—IL 1 Cadence 4k Virtuoso, Synopsys #t: Star-HSPICE, Cadence #: Analog Artist,
Mentor #I: Calibre, ~ZYIXFZE 10080 F, 1,0004% HEZ> : v—24 CMOSO. 18um 2.5mmfj+ v 7 Fv 7&ERl : 7
F+u 2 (PLL, A-D/DC-DC a v N—=%72 )

FIIWHBP IT14T /A1 XX voE7—

RRAFRBEEE Y AT LRSBERAREV 5 — 4B #, M HE, XHBE
RRAZFIZRARR Yy dvsv

BEE : LSI ofilifl - SRR IC L b v, BIfEREEE F v 7O RMERY7- D O b
FYPAGEDBERL, TSI NEETHRAET L) A XDBKREL Eo>TwS. —), Bl
BHOLDICLSHICHbN 2 BRBEESLZALZANZ Y, 7Fn JHENELEOIRE) I
WLTEYHEKICE> TS, FTYFLETFu/REPHLEBCHETCHLF v 7
&, T YIVEEPSHET IR A BT Fu SRR E ST 5 2 & HRE
BoTWwh. AT, W A A2 BT 27T INGHT 7747 /74 X%~
VT —HIZOWTIHETT 5. ZBFRTFHSH0IE7 4 — FNy 7GR R T 2 Tk L bt
RTC, AR TRET 2 BBIRERME SRR T EE L D ZETH D, )L AT a7
LRI NG, i, /A XX v 7 —REEE TV VEIENCT 5 2 ik b BT
W L 72 PR L T 5.

SRETHART - 1 AABILE, 2 AARM 2|/EHY—JL : Cadence 4k Virtuoso, Synopsys#k Star-HSPICE, Cadence #: Analog Artist,
Mentor #: Calibre, ~ZYIZXF% 11,0001, 10,000 k4 ZHEZ> 1 v—2 CMOSO.18um 2.5mm v 7 Fv Ti&
Al: 7+ws (PLL, A-D/DC-DC a v =%z &)




N 7EFET@EATEG

RRAEXRERTERHARR Z IR EHE

RERARFRE G ESAIRR AR EH —&, BuiTrong Tu

BE ek OFRETIE, AD K9 BRRG RN Z, R VLS HMi % H v T EEL

THIEEBERLTVS. Z20—22%, Ny 7EEHRER L L UBEIN B AT

LTHD. TOF v 7IE, EHEONY TR L, 2 OREEMEE - GHliT 5 72 o[l

PFE, B X OGRS ERI N TV, BRIy T —D1F, 4 v oN—F Ny

THEETHY, I —2l&, XN A=A EACLERICH 7> 7 v R E AR
(FNN—=F - HIT 7y k) THS. L NXN=FNNyTHEKIZ, £ v N—F DEEE

MREZFIHL2ZbDTH D, v vy EHOTE—7DMEZHHRICHETE S X951

BoTWh, FNN=F - HIT TV kL, EENOREE GV, AL T ISERT
E2BMEHENIELDDOT, ARI-FERT LI LT, ZRILEVESICTRETH 5.

WG IET 7 AL v & a b FEBTEIET 270, BEIZs DX I28 L2 EB PRI N, EEOHIEIZE VLTS 2ok % Bl

THIEDTET.

SRETHARI : 1 AHBLE, 2 AHKN  8&EHY—JL @ Cadence ft: Virtuoso, Cadence #f: Dracula LVS, Cadence #t: Dracula DRC,

Mentor £k Calibre, synopsysfk HSPICE, ;3> I ZX&# 10,0004 1, 100,000 A HEZ> : v —2 CMOS 0. 18um

2.5mmfFy 7 Fy7ER : TEG (ReM:aHifilalgs 7z &)

KBEAXEL L UZEEROHREHRIBTMA TEG
RHRFEREREREARE ARAKE, BN EA T8 =, NEFFFHE

B : RF 75 v Z R ER i EE RO TEG 23 fE L 72, 3{E L 7= TEG 1& DC Rt 3¢
il & 7Y A% TEG, EREREIEN 7 v 22 TEG, Wiy 7 7, JGEEH
LD R4, EEMTIA, 4 v¥ 272 ATEGTH 3. MEIZETAHY T 2 NTITR
. PIVPAITEGIE b7 v P A DHARMNZ DC - ACKHEZFH-li§ % TEG TH 5.
¥/, avZ IRy FENLUESZ2Fy 7HICHEINT 20D NNy 7712200 ThH
DC -+« AC £ BICHIETE 5 TEG Zi%El L7z, LD F7A4 NIZCMLOEH 7Y T4 v ¥
I VAL OTHREINTED, A7k A TEDOREDESFERENTZ % 0% FHli 3
5. FRNEEEER, 8L, A ¥ 77 20BIRE ZNFNENEZ S TEG LT 5
LT, BAEEERBICESZ 3 ERFEMT 2. TIARA 7 2 TOWMREEERT % 7
DICHARNBERCTHRE Lz, A V¥ 279 XATEG TIEA v ¥ 7 % v X BIRDIERE % 3
T57012, LD FIANTEGTHEH LA V7 ¥ VAR EFA—DY — v Z2TEL 7.

SREHHARY : 3 AHLLE, 4 AAKN |EPY—JL @ Cadence #: Virtuoso, Mentor #: Calibre, ~SYIY %% 1000, 100% 145
i BEZ Y m—24 CMOSO. 18um 2. 5mm fF v 7 Fv 7i@hl : TEG (ReiEaeiillgs iz &) =
3

=

9'_

= N o ~ = v

A Y= REIEEEIRVT — MEBEX S D E5HA TEG =
REBRZARERERZAER FH BE, W R, NB5F FE i
S 1 MR LA 0 Y & — K2 L OBERGE TEG, KOHIY — DT » 1’5
T 5D X 23T 3 TEG 230K L 7. BIEIE Sy 7 — S &GS . 2 VBEREE pia
[

TEG (ZN%igs & D-FF CHEER L 72 ALU &, 2INSEEs, PBINEER % Bk cEI{EMESR 3 % ol
P67k 5. X6 D FFHEITEG I3, MBS — oM, LA 77 MEEoRL) v
AL =% (RO) Dty F27 LARICEEL R TH 2. LEDORO ZERLF v 7
WD A 7 v 12 & ) FIRFAEEZ ETE 5. RO DRIRFIEEIL S>> EH» 5, MOS K
D7y MEeOE%2FMT 5. 72 nMOS, pMOS OIABFIEDOKE X DL 220
DBIEIXS D E T B2 LIk D, STIZA L ARBIES D FICEZ 2 EZ T 5.

SXETHAR - 1 AHBLLE, 2 AHARM 385V —IL @ Synopsys # DesignCompiler, Sy-
nopsys fk: Astro, Cadence #: Virtuoso, Synopsys fk: Star-HSPICE, cNZVIRE
£:100,000 0 | RS i m—24 CMOSO0. 18um 2.5mm a5 v 7 Fv 7HER : TEG (FEawifiag 2z &)




I
(o))

[ AN (W (O

AT I IEEAVY AR FEFIA LA A& Y AIHERXZESER
ver.1

LEERZEXEREIRMERZHRR 8%, sH B

LERZEF/FTINA R « N1 ARERIEATR &H mA

B SYOUUERMIBEEAMNIC BT, A4 TV A V& 7 ¥ R ORGSR A% o 7 fELEE
FikEHIN WS [1] . KRfETlR, XM 4 +® V‘*ﬂ'] IARESR L — b CERIHEE
DM FI AR ZAS A% 2 30 L 7. (KB E ML O 7= d i, RZE R 2 FIHEIIC L TEE
DT =Y HZEREKOENEZ 1 >D 70y 7}%9%@%‘(%’]@?‘%. ¥ 72, ZAF W% EH)
BERIC T 2 2 & TS Rt D e % [ - 72, EZE MY 4 2 330um X 390um, A ¥ %
27 4% 4 X 300um X 300um, W5 AIHEEREE 200um, A% HEE 50Mbps (MAX500Mbps)
HRR B 5x5ch (N7 1 v 2 F%EZE R Ich) TFEFL 7. 4. 56uW/ch@100MHz o1&
HEEIMLZER L 7.

SENGEL : [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)

SRETHARE - 1 AABMLE, 2 AR %5V —JL @ Cadence £k Virtuoso, Mentor £k Calibre, Mentor #: CalibrexRC, Ca-
dence tk: spectre, Agilentt: ADS, ~Z Y XF# 1,000 1, 10,000 £#% BHEZ> @ v—2a CMOSO. 18um 2. 5mm 5 v
7 Fyv7ERl @5 (RFREIE, ATM 74 L)

Stream cipher engine D%

EARTREXRF BT X HFRR P —3ll, R B

BARTKF A RRLIEEY 5 — 1k Rt

BE DEET7A VYL ARy P =7 ORMARRBIEOIEX Y 2 2y b7 — 7 RADE]
KLTw3. BETRY F7—70RIND Z LI, FEFICL2RECRA, BIEe
EHRIRNEOGERIEOMAE T ERIT. 2070, KEE»OEFEEOFEVLERL X 2V
T4 B OBEESREBERERFOL ) ICH ok, 22T, BRRBLEF I AR Y FT—
ZIZEHBAL D B9V F X F 4 7 A MY —AlEEIT v P v "Stream cipher engine" D% %
BI%ok., OBy Y vy OHEARFHIX, RNGIC X5 THERE L% v 7z
FYFTLT Py v Lk 2B SHATS 5. IG5 Lo%E, RNG sl Ensk
fiL%k & Register File ® 7 F L 2 % A & &, §&iER 51k L Hidable Unit iz & D Bz E
B3t d 2. HiRICESLOEAIZ, RNG 2 6 & h7-ilE & Data Cache D7 FL &
ZFPx ¢, Hidable Unitic kX 2¥RiEE 50T 5. AT 57— 13 U w0 H > Stream cipher engine i2 & h 5L 7
— %M\ 3. RNG 2 &k 2 BEIELECEBIC L E R IZ N BT X2 o CHFISRE T 2. 48, Wi bagi=tz iy
5.

SRETHAR : 2 AH ML, 3 AHRM %50V —JL : Synopsys #: VCS, Synopsys#t: DesignCompiler, Synopsys#t: Apollo, Sy-
nopsys £k Astro, Cadence ft: Dracula LVS, Cadence f Dracula LPE, Cadence f Dracula DRC, Mentor #k Calibre, ~Z
VIR :100,000 0 HRES Y : m—2 CMOS 0. 18um 2. 5mmx5. 0mm F v 77 Fv FERl : g GRS, Rz
L)

BEhaIRR b5 2 I A 7 A AW - R RO

BWEEIZKREXZERIEN 4 ER

BWEEMNKREXZRTEHAFER HNAET

BEE © Tk id, CMOS SR EIE O MHEE LD 72 D ICHIBM SR + F v P 2 & Bl i
ZREL TV 2. WEMGRHEIEE & FBEEZMZ - DEHET 52 2 L TMOS 784 2T
DIF VX —HBEEEML, FFLX—%20INT 2 2 L THEBNZKRINISTE
B TH 5. AT, KRB W O BIEHEEEZ 1T ) 72 012, BB S X b
S5 VYR N O L & 3 L. 2 oElikid 4bit A7, Sbit iATH b, EIK
DORENEETH 5. BEAMEBET 2720 DWIEIA + 7 v AV FRBNEEDO F 74N E
LT, MOSHA X% KEL LicpadnWigh 7 v F 2 H WA Z L2k D, fER L D HIZE W
a7 RAwE (33MHz) CTEIET 22 2R L. 51, WiEWElfEoRIEmI &
L Wi SRAM X & Y OEIfEER D 7= & Dalig 2 3Gt L 7-.

SRETHART 1 AHBLE, 2 AR 8&EHY—JL @ Cadence f: Virtuoso, Synopsysft: Star-HSPICE, Mentor #t: Calibre, K3
YYRZ# 10,000 B4 E, 100,000 K HEF > : m—24 CMOS 0. 18um 2.5mm fiF v 7 Fv F7HERI : wElg GRER, KRE
wmey)




RF BIFEE&E D /=D TEG & VCO - LNA OF1E

RIERZFIEMRER KE E, B XE, FEkER

BIZE 1 CMOS 71 & 2 DALz CMOS 12 & % & I MR R O EBLASEA TV 5.
R AN T R 2 R T 2 203 RAT A e RIcB YA F S vY RS !
RA VI IR EDORMEH S UCOHE L TELBLEBH L. KF v S TR VI RY
D DCHME, REFHEZHIETE B TEGRANAL INA V¥ 7 DTEG ZalfEL 7. £ 72,
ERLEERIC B L THHEDEREIETH 2 VCO & LNA 1T W TH AW ZE 25 2
L2HMNE L CEIEL . VCO IZ—#&11M7% 2.4 GHz #» LC-VCO ThH H, LNA & 2.4
GHz #coBifi2# 2 T L 7. TEGODCHIER ST A —FHE I L h HET-DH !
W T — Y %2852 LB TEH. £/, VCO &£ LNAICBEL THEMEZMER L, AW
Rt % JE L 7.

SRETEARE - 0.5 AHBIE, 1 AARM 2&EHY—JL : Cadence #k: Virtuoso, Mentor #: Ca-
libre, ~SYIRFE:10LE, 10040 HEFY :n—24 CMOSO. 18um 5. 0mm f4F v 7 Fv FHR : TEG (Fitk1Hha]
7 E)

BEHRiRE A ASIC ® TEG

REARFIZFRMARR ERER BiE G

B= : PET (Positron Emission Tomogaraphy) FH o7 > < itigsse MSGC (Micro
Strip Gas Chamber) % &&hihr, 7 v <tk oSO BESERHER~OfiH%Z B
& LT, B 1. 8VROHMO. 18um 2 TR AE Sk oR/E (TEG) 282
ootz BARMICIZBRES ML 7Y 7~ 7, 6bit/1I00MHz 7 7 v & 2 BIADC, b7 v R
Y, 78—, AV R = EEDETE. RKF v 7SN ORI /R L Tw
5. RF v T7OFHMIC & D T ERE, SRERED E 7w VEBEHRIaRIc R L I s <
VFF 2 2OVIBEH R E S LB H 0D E2 D 5. 7 A M &2{To AR, B
SRDTV T TD I ARV DFHHIZTVWENCIZ S =< A T3000E T BETH - 7.
S5 IC5, WREZIT>TWA.

FRETEAR 1 0.5 AHBLE, 1 AHEM 8&5HY—JL @ Cadence fk Verilog-XL, Sy-
nopsys fi: DesignCompiler, Synopsys #: Astro, Cadence % Virtuoso, Synopsys fk: Star-HSPICE, kIS YIRX7#:
1,000 B L=, 10,000 A% HMEZ> - v—24 CMOSO0. 18um 2.5mm AT v 77 Fv Fi&ERl - TEG (Rei:aHiinli 7z &)

AR ID AZX U RUESLIEE R

EREEIRRFET I A ERN, WX EE

BEE . AL T, ZHHEFEEXB8DT7 L AR L THHMFEORIIC AL THEE DR
FF2ERT 20T, 72T 2 EREPEEORSE - FMi 24T 7. Bl L%
FYTHR=—RIH L7 4 A F—F 2R L%, 7L AR 2 L% DGR
PO L CRER T 2B A, ZAEETLELT, 74 P AF—F XD HEBRELR p-
wellZpnp F 7P RAFDI I v ¥, Deepn-well zR—Z, pHHEKEaL I LT3
74 b7V R REFEE L. NEESTITEINERD N5 VP AP A4 v FD ON/
OFF#YUI0EBZ2HICE>TC, FFED 7+ b7 v AP ZEESE 5. BAMNIZIZ Deep
n-well Z2@EMN ETNIEREETIZ 747022 LTHIfET 2. Deep n-
well Z VAd B ETHUZ 7 4+ F b7 v PR IIIBEIRIREEE 2 5. 512, HHNI VR
AVE=FT VAT VT, BRAL v F 2B 7-.

SRETHART : 0.1 AHK  5jEHY—JL @ Cadence £l Virtuoso, Synopsys #: Star—-HSPICE, Mentor #: Calibre, +r3SY3YR%
10K REFY i vm—2a CMOSO. 18um 2.5mmAF v 77 FyF7@EHl: w4 7urwkyy

D
~

I[N W O



N
0o

IREREIN e W It

HEFENtEYYHATERNEE

EREIRFET I WA EE

BEE @ 4, MHEBREDBA IO T 2 HERRT L 5 OMUNA B 0] % 3%
L7, B, 2@ EARNEN e v o v ERIBREZ Y vy P TEBETE S &
I, 2ODAAL v F F X2 R HFRORBERBBRZAMH I vy 7 CEEI§T 28K L L
o F72, A =7 AFIRME & R 50 65 D IE KRR IR b oR CHERIL L <, M
RO Z KD S SIS COMHEZ A OHEBENORIEEHE L 72, A
A v F b ¥ eS8 FNEEICITHREEER O A 7 2 v OB R ERETE S Auto-Zero /TR
DRE-BIEERAKZH V., ZoRBEEN ey yoic7 20779y FA—=%
—DMUNERBHDSBE L AEE L ¥ 5 7% EOSBFADIGHABFF SN S,

SRETEARD 1 0.5 AHBLE, 1 AHKN &5V —JL 1 Cadence #: Virtuoso, Synopsys #k
Star-HSPICE, Mentor #k: Calibre, ~ZYYZX&ZE:10LE, 1004k HEZ> v
— 2 CMOS 0. 18um 2.5mm i+ v 77 Fy TRl A A =P v H/Av— ¥

BEEEENZEROLOO7FOJERR

EERMRERZIEARR AV BB, W fNE, B S
EEFMREXEERIFER N\ O+

BE 3 o0Rlk%E, MIRRREOEMEMER S 2 7201cilMix Lz, —21%, T4 HIbS
BREEZEOND I IEERSZEM LAV I Sy TV I XxyThHS, ET
16D EITH LREEDE OIS 2 F w3, RRFAE AT 2858 (ECT-08-18)
2L, ZOUMEOMREL, RTREODZWEBETH 2 ZLEWIET 2720 DRETH
5. Wlo—21%, AZADC OETFHEEIRICERITH 5 £FZ 65N T3 AR 0|
2 F M L7 (ECT-07-93) DOFHMliEI{TH 2. 2RD AL ADCIZE T, #HE
BoORGEAZE LTI/ E, HEBWRE LCH&EZEE L MR 2HEEEZREL TV
3. mEO—2I, KEFEADC OO T 70 —F L LT, F5o8lFk28EH L 73
4774 VY Fa Y - T Py NERE (ECT-09-003) Th 2. BEodlFiEkzesHwg
WRA T4 VR Fa s s T4 Oy VAR S RIRICERL L, MR ZIT) LR TEIREIEZ L TWw3,

SRETHARS 1 7 AHDLE, 8 AWM BEHY—JL : Cadence #: Virtuoso, Cadence #: Dracula LVS, Cadence #: Dracula DRC,
Cadence t: Diva, Cadence #:: Analog Artist, Mentor %k Calibre, F;Z>IZX#%# 11,0001, 10,000 K% HEZ> :v—
2 CMOSO0. 18um 2. 5mm f45- v 7 Fv 7@l : 7+ n s (PLL, A-D/DC-DC a»/\—4 74 ¥)

A== )L RIRERR TEG

NI EXEYS I OBERfTtEY 5 — REF IR, PNl

BEEE : 90,7180, 7270 FERIMHY 7 b 2 BBITERTE 2780, 7ay 7575 —4 Y A EE

S LIT LA S 2 B CMOS A v N — 7 SR, [ E R % MY 3E3 L 2%

WEFIRL 2\ E W) MEIET 2. CORMBEICHL, IV PR AEAELE L
T2 N—HYUFIRNE TEG, 285t L7z, SOTEGICXD, AR I VP AP A X

TRER & 2 IR O B2t %, LSI 7 A ¥ —Z2 A CTHBINICHIT 2 2 LIk
D, ZOREEDFIRTTEETH 2 %GHEH, 88X ORD v —2 v DL GG H 5 5

129 5.

SEITHR ¢ B, P, i, "CMOS 5B Y >~ V' FIREI O FRGEAE D", 2008 45812

) A4 T 4 K C-12-60, 200849 H 19 H

S%ETEARE - 0.5 AHBIE, 1 AARM sV —JL : Cadence #k: Virtuoso, Mentor #: Ca-

libre, NSV YRZE 10,000 2L L, 100,000 K% HEZY : v—24 CMOSO0. 18um 2.56mm A5 v 7 Fy7@Rl: 75w/
(PLL, A-D/DC-DC a v X—% 17z ¥)




EFEStEY IV IBELURBENMO =0 DERE (B3)

ERERIRFETEE B

BE KRB RERES 2Ly v /T35 0DE5HIE B L OFR—EHicx LT
FIBEIM 2T 2 L2 HNE LTy 7Th 5. HilRlORME & I13E Y, 16ch & THMESH
s & FEIINZ CT& 2 X 9 1k > TED, KT 16ch FRFIZEREE OGN e T I 5.
E I FIBETINEE O 7 —F 7 7 7 b 2K 5 HIY-CHRERANINERT O @i o DC %2 8iE L <
Ak L, JLORRICRE L T S HES ICR LEbE 2 REIEGEEFN TS, 20 DCR
87 15TIT) X)) ICREZ2EHE L. SoICHEHBONRICADLE TAH D PAD 28]
Bzonsd L)ALy FaBEML 7% HOOME iR HRTEbL 72Ny 7 7 2
HBAGEM L 72 2 812 X > CEGEHE D OIIRE 2B I ¢ 5 L HIT L 7.

SRETHAR : S AHDLE, 4 AARNE /ETY—JL : Cadence #f: Virtuoso, Mentor #: Cali-
bre, KNSV IRH%E 11,0000k, 10,000 K #HEZ> : vw—24 CMOS 0. 18um
2.ommfFy 7 FyFER: 7rus (PLL, A-D/DC-DC av =% ¥)

EFEStEY Y VI ELURBENMERD =H DT Iy VBl + Bk ISR
HEATEG

EESBAFETHEI B %N, BNAHE

BEE  FREEBRICB TN L7, THBES 2 v v 78 XOHRRAINN O 7- 0 O bl
WCHOWZEZREEDO TNy 72179 7012, FEE X071y 22530 TUUT Ol % f5 il
LTh2. Fay A—HE>EHIES, WiHGE 70y 7, V57— 7 rv7 41, HEH
NI, 5 3 v S — WIS LIRS, 72 v S UMIES 7 e v 7, B2 fHFE,
8 F v F VL HALRIE, ¥4 HEMIESR Ty 7. XL v chipiid&EnTnihnFay
S — A AE L O BIESR B K OEIRRE 7 0 v 2 3 EER R T ) - 0 IciEE L 7. 8 F v 2L
S EALEE IR 2> ) 7V T 2 %20 DNETH 5. 74 v EHIESR 7
0y 7374 Y DEVICED ) A RDENEERT 520D DTH S, I oI HEMRIEH
Hozolz, Y7L 2V EXZV]1JE%RZ GNDIC Lt Z0RRZMET 2 TEG b5
HWLTH 5.

ERETHARD : 1 AHLDLE, 2 AHAM |/5Y—JL : Cadence fk: Virtuoso, Mentor #I: Calibre, NSV IXF7%:1,000 2L L, 149
10,000 k3% H#EZ> : m—24 CMOSO0.18um 2.56mm A+ v 7 Fv 7#&Hl: 75w (PLL, A-D/DC-DC a2 =%z L) s
3

=

9'_

. . P4
VTAvL—YDBEEENL -
RERYTIHEH B0 XS B
BEE 0. 18um L — V&7 1S BED Y v I v o L— % 2 HeT, 5S4 7 2R %
VT Ay L= IC5 2 2B EHSPIZT 5. THEROARICIHENNA 7 2A%HML, iz i
[

IR—=F4 L LEGALTRT 7 =T 4 Y I LEGADOWEBE O %% TR
W, BB OV ZHML Z25A6EEDLST, 7u0—T74 v 7 LTHEERELL R nwI &
EMERAL 7. 2z kD, —HOREOEREZ 7a—F 4 v 7L LT, BIfES ¥ 5 T LAY
BThs I EDHERTE, ¥4 F Iy 7tz ary e — )L LIEINEE ) £ T 2 1EME%
RT ZEDTER, HMRNL 7 AR & D, 10-20%D S8 2 EBL L 7.

SEXER - W, I, 7 RN T AR E G EREEENY v S A L=, B
2, 2008 Gk

SRSTHART 1 AHDLE, 2 AHRM 5|jEtY—JL @ Cadence #: Virtuoso, Synopsys #k
Star-HSPICE, Cadence #: Analog Artist, Mentor #: Calibre, NSYIUZRFZE 10000 E, 1,000k HESY iv—24
CMOS 0. 18um 2.5mm f 5 v 7 Fv 7Rl : TEG (Rpi:aTHfinlis 2 &)




—

B E R F R o B

HRAEEERMMAFEET oAk &3, BXERM, HHER
HRAERREER Y AT LR HEERAR VY- EEE

BE : KF v 73R, FERSICEE S i AL o LSLERTE 7 v — & lEST o815 %
HE LTEMLZDDTHS. HSPICEIC Xk 2¥ T aLb—va v EFICB VT, Blfo
TFHERRREDHEIZID, EO L) ITRHEPENT 202 8T 272012, ) v 7 FiRIA]
B R—2 L -BEHHIRREEZ8E L. BRT— PO 3B v ZVRIREIK % %G
L, HSPICEIc k3> S 2L —3 3 »Tid, AMFIHERE 0.6V~1.8V IR L T, FIREH
TIPS 2.8GHz~4. 1GHz £ &2 3R 2B 7. ZucxiL <, Fv 7OEMICE T,
ASIHIEIEEE 0. 66V~1.8V IZ &k L C, FeiRas b FE%A32. 0GHz~3.3GHz & &b, &
S 2L — a URERITH U TR 209 F IR I B0 K T B & v S HERE IR 215 7.

SRSTHART 1 AHDLE, 2 AHRM |/EHY—IJL @ Cadence #: Virtuoso, Synopsys #
Star-HSPICE, Mentor #t Calibre, FSYIZXH¥ 1,000 04 F, 10,000 A5 FHEZ> : v —2 CMOS 0. 18um 2. 5smm 5 v
7 Fy 7R TEG (RetEiEmn s 2 &)

SFARRF7FAJERER TEG (TC3)

LEEBRFEF/TINAR - N1 ARERZRER ANIEsh, EO¥, HE#®Z
LEREXRERLHYEREMERN AHEE ZHR THF

BEEE D RNICB T 284 0% 4 v ORG24 T w20, BPoIEHsl e LT, 1
JPENOIRFEZHIZ HLD EF, #ENERO TEGEUWEZ1T> 7. HNENRED 7=, INUOEAL
RN X 2E)fFZ2 HIG L, RERDIBEOMEEEEILICHAE L. pnEaIc L 2iEL
v, EHEIREIRREEE, (KE X K Analog-to-Digital Converter (ADC) , Z-%4
I A Vi o NSRENEE 7+ a FEEREE TEG & UTEREL 7. ST 20 5
TROOBEHNEL LT, Fv 7 RICASL v ag MZlA <, g EEERE LTy v
TH V=S RBR L. i, BEICLZBEENZRNNRIINZA 270, Fv 7 ki
120kbit ® SRAM Z il L, —#E L T7F— Sk 247 ) Wk & L 7. EED7- O KL 21T
I EB2uy FOFy TORELE L.

SEHR - T. Ishikawa, Y. Masui, K. Johguchi, T. Yoshida and Y. Murakami, “A wireless chip for intra-oral temperature

measurement,” Proceedings of the 15th Workshop on Synthesis And System Integration of Mixed Information technologies
(SASIMI2009) , pp. 477-481, (2009.3)

SXETHARD : 5 AHDLE, 6 AHAN 585w —JL : Cadence % Verilog-XL, Synopsys #: DesignCompiler, Synopsys #l: Astro,

Cadence #t: Virtuoso, SIT#k SX9000, Synopsys f: Star-HSPICE, Mentor ft: Calibre, NSRS E100,0000 E HES

Y 1 u—24 CMOSO. 18um 2. 5mmxb5. 0mm 5 v 7 Fv J#&R : TEG (Rri:sHmklEg s &)

SFEAERAG 7O EREER TEG (TC3)

LEXREF/FINAR - A ARERIZHFTER AlEeA, EOX, /LB
LEREXRERELHMERIZAER AHEE SHER TH=F

BEEE - RIS T 554 Z v A v OIEREHIIZ A T 2T, BAIOISAB & LT, HENOIR
FERRE ALY BV, EEREEO TEGMEERfTo 72, HFENEED 70, N OBE{IREMIC X 2 BifE
ZHIEL, SEENBEOEEEEIMICHEL 2. p-nEAIC X 2HER v, [HEMIRRE, K&
BRI Analog-to-Digital Converter (ADC) , A%4 Z)V a4 Vi o NCEEREE 7)1
JHEFZMPETEG & LCEEL . MR 2 WS T2 0 DMAARE LT, Fv 7 RIZA A 1
AANVEMAT, SARERRE LT Y Ay V=9 % L. £, BRI 3EER %K
INRICHIZ 5 728, F v 7 112 120kbit ® SRAM 2FL L, =L CF— 2k %2179 Ml & L. &
B EEIREET) o620y FAOFy TOMMEL LT,

SZE @R © T. Ishikawa, Y. Masui, K. Johguchi, T. Yoshida and Y. Murakami, “A
wireless chip for intra-oral temperature measurement,” Proceedings of the 15th Workshop on Synthesis And System Inte-
gration of Mixed Information technologies (SASIMI2009) , pp. 477-481, (2009. 3)

SREHEAR 1 5 AALLE, 6 AARM F|EHY—JL @ Cadence £ Verilog-XL, Synopsys 4k DesignCompiler, Synopsys 4k Astro,
Cadence #I: Virtuoso, SII#: SX9000, Synopsys#t Star-HSPICE, Mentor #: Calibre, K~SYIJZX4#:100,000 M H#ES
> 1 u—24 CMOSO. 18um 2. 5mmx5. 0mm F v 7 Fv 7Rl : TEG (Rri:RHiliERE % &)




FR20%EHE3ED—L CMOS 0.18um
(RO18083)

glulbl

13

LS| 2R E ST {fE A TEG-1

KRAFZEHEHEARR #HE &E =H RN, e FEa

BEEE : M, KBIBUL, 2ot 70y 7y THEERIC X DIREEL o 7 LSIOWMEEEM 21T 9 7o, X
OWIEZWEEEPRE - R INTVE. KF v 7k, 206 O LSIESHEE FHlid2 2 L 2HNE LTk
LTy 700 Th 3. Fi, BRNEREDE & T I OMRES O BRI 2 SHm B E A R
ELTwa, RERHY - VLD LA 77 ARSI ISCASSS 7852 Ry F v — 7 FlgD < 7 12 L5 324
ERINTVS, fornelicly, BEPHEORL 2HEIZNENED 2T, £, EXRINER%
DEE LEVBIEBRHRE LT D0, &9/ ae VIEAN Yy Pt ntuin,
EXETHAR 1 0.5 AH DI, 1 AHAN #&EHY—JL @ Cadence ft Verilog-XL, Sy-
nopsys ft: DesignCompiler, Synopsys #: Astro, Cadence #: Virtuoso, Mentor ft: Ca-
libre, NSYIYX&Z#:100,000 0k HMEZF>Y :vw—24 CMOS 0.18um
2.56mmxb. 0mm ¥ v 7 Fv FER : TEG (RethaTAiilblEg 4 &)

LS| ¥R BT i TEG-2

ARIRRZERBFRTR IWT BB, =& =N, Fr1 F=8

BEE @ b, KL, ek, 7V v 7F v 7IEEIC X ) N L 7 > 72 LST ok
ZWiEAT) 7, BA OWEZMEEIRE - I Tws. £F vy 7L, ThoeoD
LSI Mg WiE 2 5l ¢ 2 C L 2 HMME LCREN L F v 70—oThH 5. Fic, EXAMW
el 2 32 & I ETRAES O BUN DS RE e W ATBE 2 EE A2 R E LT 5. LA T Y b
I ZHOTHEIL, pnEa e ZiUcERd 20— 7R ZEEL Tv s, LV — 7
MROBEEMERIEZ TR EEER L, 2z i, FEFEOBELZEDIAATHS. i)
Bl kD ERBEDIENT 2L )R> TED, ZOERBKOELEZWHIEEEIC X DK
H - BWIAIBED &9 2 FHili§ 2. £/, BRIVEZLIEE L2WBEREEZ R E LT
W3 ZEDS, FHEEEIZAR Ty FICidERI N Tk,

SRSTEARE : 0.5 AHLLE, 1 AHRM 5%5HY—JL : Cadence #k: Virtuoso, Cadence %
Diva, Mentor #: Calibre, FZYIXF# 10K HRHEZ> 1 v—24 CMOSO0. 18um 2. 5mmx5. 0mm 5 v 7 F v FH&Hl :
TEG (RplkTHifial#s 7 &)

64 RTTNTI MILT—IHIES RAMTRANF Y7

RRARFZFRZRIZRARE B ZF, KohfE, EHE

BE WSROI IZERITR Y PV T =Bk flibiiTw 3. fE-> T, FERREIH{RAI I
MIGT 2 EHEHV LS TICBERER7 PU XY BLAIRTH 5. AFFHTIE Pro-
jected Principal-Edge Distribution (PPED) % Averaged Principal-Edge Distribu-
tion (APED) #:7 & O BHRRHEAhINETEIE T 2 2 RGN 7 PV T = ITHIETE S
SRAM®DTAbF v 72FEEL SAELZSRAMIFSE Yy b L X ¥ b % 6411
WFRFORZ PATF—FICHIGTE, TLAYPITEDT Y TAHERARLENRT LVGAIL
WEHTES. Ld, ¥4 v 7 CHNZHERT57ODDSCANLY AL HEL T
W5, REMEREEKIEFICS RAME L7 L —, di%lt v A7 7, Word-line 7 a—4"—,
NFa—F—, EBEERABFITAN, ¥4 2V TR EHNIA X vV LAY D OHERE
NTw5. 24U, SRAMENVESIHY — b7 X = 2% v L, Widle v A7 71X
SHBFREL 294 7R L E L THEALKL. HZIAAR/FHANLDY A I v 7254 2 v ZHIBIRKO TRICE > TF v 7906 FH%
SRETHARY : 3 AHDLE, 4 AHAM ®|EHY—JL : Cadence #: Virtuoso, Synopsys %k Star-HSPICE, Mentor #k Calibre, Sy-
nopsys k. nanosim, Mentor#: xCalibre, FIZYIZXF# 100,000 HEZF> @ v—24 CMOSO0. 18um 2. 5mm ff
Fv 7 FyTER: xEY

v _
A, A




—

ASK EFEg, H& T, Z0fth TEG EEE

RIEKZEXZERTZMARRE B RK, &SR, B8 BEX, /Wl KIE
RIERFEFXRZREIZHARR H &

BEE @ SR S L OEIT ITRR G, EARIBIEIE OMESL S 10T 2 W i B B o I
FEMIEDSFEHRCTRIIC W 2 BEBHA TV S, NS0 BEOMTIE, X2RZAT 5
B 2SFER L TV 2 23, BIA St o #EBH 3 R C A L T 5. SR L 7= Bl
Db DITGELE A ZIT, BT 2 MBI RER SV A 2 5.2 5 2 & T, i om
H%M5 NTHEES 27 5 ORISR EETTb T 5. FIBER OV 2 ITE OV 2
W, ~OVARIRE, FHRE, SEIEHT7 A= 0Hh, NTHEF v 7oA, IRk
PO T—FEREBHEL, ZNOD T X —F &L CREZFICHEH L ZHEER A SVAEE52 5
WD H 2. AR, IRFMEEICEIE T 2 20 & %5 S/ ASKEFD» 5 A
THABELSI DN A 7 2B R L SOV A DFE T X —F & hh$ 2 HFARIEE, 20600
BN P 7 A FORE 2T 7. BEF v 72 HE L ASKIERNEO EHEIELZHER L /2.
ERETHAR - 1 AHLLE, 2 AR &EHY—JL @ Cadence 4t Virtuoso, Synopsys#t: Star-HSPICE, Cadence #: Analog Artist,
Mentor #: Calibre, Mentor fk: CalibrexRC, +rS>YIZRFZ#: 10020k, 1,000 % HEZ> : v—2 CMOS 0.18um
2.5mmfyFy 7 Fv 7@ TEG (Rl e &)

ASK EREg, H& T, Z0fth TEG EEE

RIEKZEXZERTZMARRE B RK, &SR, B8 BEE, /Wl KIE
RIERFEXRZREIZHARH H &

BEE @ SR S L OEST ITRR -, EARIBIIE OMESL S 10T 2 o i B B o i I
FEMIEDSFERCRIIC W 2 BESHA TV S, ZNsDBEEOMTIE, X2ZAT 5
BRI 2SFERE L TV 2 23, BI St o #EHI 3 SR C A L T 5. SR L 7= Siflii
Db DITCEEHRZ TV, BT 2 MR ER SV A2 5.2 5 2 LT, BiE O
He X5 NI 27 5 OFEIMEREE TITbN TV 5. JRRER OV AT OV 2
W, OV ARIRE, FiHRE, SEIEHT7A—20H0, NTHEF v 7oA, IR
PO T—FEREHEL, ZNOED T X —F &L CREFIEH L ZHEER A SVAE 525
WENH 2. AR, IRVMEEICEE T 2 20 & %6 S/ ASKEFHED» 5 A
THABELSI D84 7 ZAEERLHPLE R OV A DFE T X —F Zhhi$ 2 HARIEE, 20600
BN P 74 FORE 2T 7. BEF v 7% HE L ASKIERNEO EHEIELZHER L /2.
ERETHAR - 1 AFLLE, 2 AR &EHY—JL @ Cadence 4t Virtuoso, Synopsysft Star-HSPICE, Cadence # Analog Artist,
Mentor #: Calibre, Mentor fl: CalibrexRC, +r3>YIZ2F#: 10020k, 1,000 K% HEZ> : v—2 CMOS0.18um
2.5mmfyFy 7 Fv 7@ TEG (ReMkatHlilnl# e &)

T e rx
A N NN NSNS

A1 I > 5995l TEG & RF [E1i§ TEG D{E
SRRFREREAREHARE FRRXK, T8 X, B X
SRREXZRETIARE L)l EX, K #h—

BE . RICERERBRRGFTHDO R L v, v 7 Y REFiZ HW E 35, slfEL %
TEG 1% single-end A de-embedding /8% — >, WESAA AL INA 77 7, Bk
YU Z HINE LS B AIARL INA v 08, MIBARL INA V&0 5, B
WRERBROEREHNE Ly =TTV FY— VR &L AL T V8
7Y ThHS. IR —VIE, Xrv TIHOELZZBDLREL, ZNFNRFEDE SR
HEGHG§ 5. RF BEERIEFETOEEOL A 77 F S AZBIEL b0 L, ERZEZUOHEZ
2%0DSPDT 24 v+, ¥x V7V ARKTHS. £/, NEFERLHEZ T 2001
FalL—FbRIEL /.

SRETHARD : 10 AHLLE 58EHY—JL : Mentor it Calibre, K5 > T R&¥:100 L L,
1,000 %¥ HIEZ> : v—24 CMOSO. 18um 2. 5mmxb5. 0mm F v 7° Fv Fi#&hl : {5 (RF[FEIEE, ATM 7% L)




SFQ/CMOS N1 7w KXAEYA64kb X EVIE

BWEEIZKREXRFERIEN EA &%, BB KOHK
BEETIKRZEREZRTZMER FHNET

BE © xR miEgic o 2 X RREE & L CE—HEET (SFQ) FmIEME O
Z{7T> T3, 20 SFQmHMIEKIC & 23N & CMOSIc k3 X €Y 2ilAGbE 2%
Wk o CrRMEAR L, 2 oEHBEB IR ATY S AT LERRBEL T3, SHTE
LzFy 7B TANCRIEL 2N 7Yy FXRY EZRZEVATLHDAE ) TH 5.
REPTI—YOWBEIEINETERILDDTHE0, £ V¥ —7 =4 ARBKICHWS 7 v
7 CMOS ZBEIERIC 2> T2 I R, COXEYVEMELLEI S, Ta—
S ORKREE 212X D, 164KD Word 7 FL ZZFARHIGERLTL 9 S AMFRENL. L
L, ABRVOHNZE SN L6 ZFMIRERIIEEL Wb EEZSNS. £72, A
FE#EREE &, Josephson/CMOS N4 7Y v K7 Y 7HD L 784 7 A0S AME L
7.

SRETHARE : 2 AHDLE, 3 AHAGM 2&EHY—JL @ Cadence ft Virtuoso, Synopsys#t Star-HSPICE, Mentor 4t Calibre, K3
VIR 110,000 DA E, 100,000 &dl  EMEZ Y vw—24 CMOSO. 18um 2.5mm fjF v 7 Fwv FHERl : X €Y

BERR LS SERA TEG ,
HERAZIERMEN  BRER A6, BE L T
¥EE : PET (Positron Emission Tomogaraphy) Mo 74 > < fiii#s MSGC (Micro gg : i i
Strip Gas Chamber) % &t dEs, 7y 2 fis & 0 %O im0 61 2 H i =

& LT, BfEEA 1. SVROHMO. 18um i T IEAE S Rg o (TEG) 2k 2 = ¢
otz BARMIC BRI 7Y 7 > 7, 6bit/100MHz 7 7 v & 2 M ADC, + 5 v 2 =HH

Y, 58—, av AL =g rEEOE TS, AF v FIZHEE ORI ER L T gt

3. KF v 7O X D ERRE, FERRED E 7 2OV BB RIS R E S 2 =zt

NF T ROV B HE BB 00 E 25 5. ¥ 2BHESMO 7)) 7Y 7D ) j=: ¢

4 AL AL DFHE 3000 HFRETH > 7. & 5 ICHEZT>T 05, G ——
SRETHAR 1 0.5 AHLLE, 1 AARME &Y —JL @ Synopsys #: DesignCompiler, Sy- =~ - e

nopsys £k Apollo, Synopsys #: Astro, Cadence tk Virtuoso, Mentor £f: Calibre, [
FYYVRZE 1008 L, 1,000 K4 HEZ> v —24 CMOSO0. 18um 2. 5mmx5. 0mm F v 7° F v 7f&Rl : TEG (ReM: Al #%
7E)

o

REARFIZFRMARER ER R, A A, SF S

BE : PET (Positron Emission Tomogaraphy) FH o7 > < itigsse MSGC (Micro
Strip Gas Chamber) % &&hih:r, 7 v <tk E oSO BESERHE~OfiH%Z B1Y
ELC, BfEEE 1. SVROHMO. 18um (1 Cia it HE SR O/E (TEG) 282
oot BRI BMESRL 7) 7~ 7, 6bit/1I00MHz 7 7 v & 2B ADC, ¥4 7 v
T ERDET0 L. KF v ZIISREE ORI AIER L 72, RF v 7138~ 7Y
Y RASICHOTEG TH 5. KF v 7OFHIC & D & ERE, SRIED © 2 2V i
PN ST E SN B 2 VT F v 2OV BRINE SR O » E2 D1 5. £/-7
A b BT AR, BREIMO 7Y 7T 7D A LRV DOFHHIETVWENCIZE =< 4
T30 EFRETH o7/, oI5, WREIT-o>TV5.

SREHEAM 1 0.5 AHDLE, 1 AH R sV —JL : Cadence #t Verilog-XL, Sy-
nopsys #: DesignCompiler, Synopsys #l: Apollo, Synopsys f: Astro, Cadence %k Virtuoso, Synopsys #I: Star-HSPICE,
Mentor %I Calibre, FSYIRZ¥ 11,0004 1, 10,000 KW BEZ> :v—24 CMOSO.18um 2.5mm &+ v 7° Fv &
Bl 7T YR

RSN EN NSNS SSESSSSSNSRSESSRSS ]

(RN NN NSNS

A



—

ISR N e S i

BEEESRT—REGHRE A 2 THRBVLZOEROEE

TEXRFETEE =8 E—, BTH ft, MEFX

BE : CMOS 7'n 2 2 D#iiftic & > T, EFRELEIIEFEL (ETLTw5, 7)1 7 HE
IZEWT, KEEREZAA vy FORROREPCESIRIEOS A LOMEZHC. 22T
T4 BT — FlOlg % AV, BIRERE 1V CHEIfETTHE 28R AT 23088 2 8%G L 72,
4, v—240.18 um 7vt A& T, HFRE AL Z2FERE L * 2 0BEHE MO R
#fFo7:. HSPICEIc k3 T aL—vavick b, IRATEHBICH L TI3ERETE
IV CESH IMHz @ & 212 8. 4bit DRI HRER, 2R NV FRA AR ZEFEIZBI L T
FEIRERE 1V TE 54185 200kHz @ & %12 8. 6bit AR REE R Z N F IR L 72, B
#, 1RXRATZEHABMOWWENKTLTEY, BIFEEE 1V TESHIK 200kHz 128V T
6. 4bit DE NI AREDR S 1Tz,

ERETEARE - 3 AHADIE, 4 ARG 5REPY—JL @ Cadence #: Verilog-XL, Synopsystk
DesignCompiler, Synopsys £k Astro, Cadence %k Virtuoso, Synopsys #k: Star-HSPICE, Mentor #: Calibre, cZYIRH
#0:1,000 B4k, 10,000 K5 SHIEZ> @ m—24 CMOSO0.18um 2.5mm &5 v 7 Fv 7&Hl : 7w/ (PLL, A-D/DC-DC 2~
N—F7% L)

L OO O C L

VILFEY MARZIIVXI Y ORF7FOT/FIY NERRSE

FERRFET S IR —, MR ZX

BE: 7VIV RSy 77 ruy/7Ys i (ADC) 13, Hz/NS (HRTE S
ELIRRERL, VAT LA YTy FiilAAENS ADC L LTRSS NTWw 5. L
L, EEDOEHGAD 7 O ZEHHEINE S, BErHETH 5. WAk, TVTYV Ry
M ADC ORIz v F ¥y FEME ALY 2 2 L TRBELZERATED, &
B, 2—240.18 pm 7 22 MW, L.obit FiXE 2.5 bit OTLITY Xy 7
ADC DftfE% Fo 7. HSPICE # fl\vw/ev S 2L —v avick b, EFELE .8V, ok
8 bit THERK L 72558, IR $0Z 1.5 bit 73T 8.8 MHz, 2.5 bit AT 12.8
MHz QMR 2 R L 72, Bife, HREEOEAEEOMR Z& A, FEll 2 RS 2 17 >
TWw5.

SE XM © Kazuki Akutagawa, Kazuya Machida, Takao Waho, “3/7-Level Mixed-
Mode Algorithmic Analog-to-digital Converter,” Proc. 38th IEEE International Symposium on Multiple-Valued Logic, pp.
174-179, May 2008.

ERETHAR - 1 AHBIE, 2 AHRNE 2|/EHY—IL @ Cadence # Verilog-XL, Synopsys #: DesignCompiler, Synopsys #t: Astro,
Cadence #t: Virtuoso, Synopsys#k: Star-HSPICE, Mentor 4k Calibre, ~Z>YYJZ7#: 1,000 Bk, 10,000 £if HEZ> :
o—2A CMOSO0. 18ym 2.5mm 5 v 7 Fy7@Rl: 7+ u /7Y ¥ VESUHE 7T ax v 3

(EESNERREEY|

e e s

L e

s

KFtEEZ AW ADC &ZDERMOE

TEXRFETEE ETHH f0tb, FO6R X

B LI X 2IREBHEALIE A F Sy 7Ly PR T 2. ZoREICR L, B
T3z S R CES U LTI 7 70 —F 83D 5. RRIETI IV v F R TTHE
% TAD (Time-based ADC) ICBIL THIEZfT>CED, 4H, v—20.18um 7v+
A% HWT, TAD & ZDHENMK L5 VCO DFRMEXRITo 7. VCO IZIZZAFIA4EY »
sH V=2 EBRMAL, TADIZZDOVCOIMA, AP, LYRY, Fa—FEHnT
W L 7. Spectre 2wy 32l —raviiBWwT, TAD 2 | RAT EH#HaE L LTH
fES 754, BIRERE 1.8V, AJE5HHE 1.2 MHz, OSR 2342 5Dk, SNR 1% 62.3
dB, SNDR #740.4 dB OMERE 2 MR L7z, BIAE, TAD & B[R O KA B {F DOHER 2 f%
Z, sl MERERHi 24T > T\ 5.

RETHAR 1 0.5 AAME, 1 AHKM B&EHY—IL @ Cadence #k Verilog-XL, Sy-
nopsys f: DesignCompiler, Synopsys f: Astro, Cadence £k Virtuoso, Cadence fl: Analog Artist, Mentor #: Calibre, ~Z
VYR 1,000 1, 10,000 40 HEESY 1 v—24 CMOSO. 18um 2.5mm f4F v 7 Fv 7% : 75+ v~ (PLL, A-D/DC-
DCay"—%5ik)

O L C L
[(EENEE NN




AIfRY ID BNt Y Y RUESNIEE I

EBRESBAFEBETRE AN EN, K EE

BEEE @ ABIE T, SZHEHEF28X8D 7 L A RIC L THENFDRIUADE TERED RN
R z2@ERT 29T, 7720l d 2 E£BREEOME - FHliZ 17> 7. #iREEH L 7
F v 7ORMEEEET ZRMBIEERT o7, 7LARICT 5 L2 DGR L
TRERTZ2EL D, ZAEETFLELT, 74 P44 —F XD HEEER p-well %
pnp b I VP AYZDII v ¥, Deep n-well ZR— X, pHlEZaL 77275k
VYRGB LI SHBES TITLIERD - 5 v P 2 Y 24 v D ON/OFF 241
BZ2HIL-T, HED7 4 b b7 v P AP % WESH 5. BAINIZIZ Deep n-well
fRIENL E THURZNEET I 74 P 7P 27 & LTEIET 5. Deep n-well Z Vdd &
MEFTNUE7 4 P F I VP ASIFIEEIIREELE 2 %, 51, HHFI VAL v E—SF VR
TV, ERAAL v FRNEL 72,

ERETHAR : 0.5 AHLLE, 1 AARN F|/EHY—JL @ Cadence #: Virtuoso, Synopsys #: Star-HSPICE, Mentor #: Calibre,
SYYRZE10LE, 100K HESY i v—24 CMOSO0.18um 2.5mm A F v 7 Fv 7R 1 @E RFEEE, ATM 4 L)

-4

(RN NN NSNS NN

.

HEAER Y YHESEREER

EREERRFET I AR EE

BE: #HEARNe Y HOBMNERBINEREZ RGN 2 RIS, SEmdiEe vk
EDEH BT bbb ERORRL VY BERLIN TV Y ORREBHEZ —>D
FETTELLIIC, 3ODAAL vF Xy v ¥ FROBFEREMSZ 60271 v 7 CTHE)
THOMERE Lz, E£7, A vo3—& AFEIRMEE & FIABKY 50 65 D IE I ESH IR 2R b P TR
LLT, WMFFEROEREK D, X 5ICHEFERRGETCoNM%EZE 2 QEEB I DRIZE
HifL7, A4 v F P X 2 R VMKICIEERENIEROL 72y OB L RETE S
Auto-Zero HRROE R —BELMEKZ V., ZORKE2 725 775y RA—4—
DWUNE BT 7 2 i E A AEA G L A ALY T2 OFHIiZ fT> 7. Z D
W, XY Ao Estoms o gy L 7.

ERSTHARE © 0.5 AHBLE, 1 AHRM 5REHY—IL : Cadence £t Virtuoso, Mentor #k Ca-
libre, KkZYIZFE:10LE, 10040 HEZY : v—24 CMOSO0. 18um2.5mmAF v 7 Fyv TR : £ A=Yk /A
=ty

L E L rrrd

SRAMEEVY—IVFETEG

AMIERZEY A I OLRERTTEY 5 — H s, PRz

BE: HInmHRoOREH 722D S RAMIZE LT, TN KEEL,
FERSDEMRICKD, XEVRLVDRAY T4 v 7 /4 Xv—Y Y (SNM) BAREL,
IEHEIERREE 72 & ) MEBEIH SN T 5. AF v 7I3RD2ODTE GEIRHL
bDOTHS. (1) SNMEIHD P v P RAF 3 A AAED L= 3= SRAM+E LA
YN=FTEG (USCIT). (2)280USCIT#%#A€EVxX)LELTHY, USC
[TEFRRRDOAEV ALV P RY YA RICEIT S S RAMT v 7E{EiHitiZ Algg & L
7= N—H)LSRAMTEG (USRAMT) . ATEGO#Hliickd, USCITo
Bff2R L, USCI TEEMEICHK SIS SRAMD SNMEMFLEZMELL. 6
2, LSIFAZ—2H0T, AR ATI LI VI 2AFH AL kL, SNMEFES
RAMEEE DM % £ 2 2 & CHIS NMEHRFEOGRIEZE FGEL 7.

SZ3#E : K. Nakamura, K. Noda, etal, "Static Noise Margin Evaluation Method Based on Direct Polynomial-Curve-Fit-
ting with Universal SRAM Cell Inverter TEG Measurement, " 2009 IEEE International Conference on Microelecronic Test
Structures, Mar. 31, 2009.

ERETEART - 0.5 AAME, 1T AARM F|EHY—JL @ Cadence 4k Virtuoso, Mentor #: Calibre, k3> YX4%k: 10,000 L,

100,000 A3 BMEZ Y : v—24 CMOSO0.18um 2.5mmfyF v 7 Fv 7RI : x €Y

CECCLEE L L L

OO O e
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BIR/AZXWNET VT4« T THhy7I)JERBRE@EFY 7
EBRESBAFETRE &k Ktk

BE B A X2 BRI L7007 774 77hy 7))y JREEFHET 27200
Fv TERFGT LI BE LT T4 7T Ay 7V v T REIESE S o bl & D bR
Mz bR Z ST CE D, X VIAHHOER /) A A2 MGl cE s L&z o605, £/, HiK
/A RPE LA ERBE LFSR > 7 FL YRS, JA Ry HELTY—A7 %
07t SFgm ANy 7 72 EWLT0S, E51C, TAHAYy 7V 7/ =Rt 3Hiar¥
7 b DY A AR EBRICHE T 272012, BROHEWRa vy 7 v %2 AL v F T HE
25 eIk T, BRI A XR LIS, B v E—S Y AR
LI ENTELEMRaY S P 7 LA ZIEEL 7.

SZ3M : Toshiro Tsukada, et al, "An On-Chip Active Decoupling Circuit to Sup-
press Crosstalk in Deep-Submicron CMOS Mixed-Signal SoCs" , IEEE JOURNAL OF
SOLID-STATE CIRCUITS, VOL. 40, NO. 1, JANUARY 2005, pp.67-79

SRETHAR : SAALLE, 4 AAKNE 8&EHY—JL : Cadence #f: Virtuoso, Mentor #t: Calibre, ~SYI &% : 1,000 L,
10,000 A% FHMEZ> © v —24 CMOS 0. 18um 2.5mm A5 v 7° F v F&Hl : 7+ 7 2R

=RV ZEDREREFIVEDIHD TEG

EERBAPEBTEE £, 5hF

BE: H—FY 72850k SilREETFILT 5720 O TEG 23 /E L 2. #&5HL
72 TEG IZRGTEERIE L 2 b DSR2 MA 2 b DTH 5. HROEHRZ M T 2 72 D12 HEAR
av ¥y r b aPIRICERE L %z, 6o TEG 26 O R & LT, Signal ®/%y F%—[0|
DANES L, #El DAy 7)) v 72 Mz EEO5IHELUEEZBEMEGICL, £A0hy
TV TRz =R 7, Well DEMZIZ 720Dy FE ETICRE L7z, 2K
AVZ 7 FPOWRE L TEF v 7L RV TOEROFTMZ HIN & L 77 dftROIIRIC L
7. TEGOWNRE LTI Well DEFEZEZ b, F—FV v JofEE2EZ b0, &
Wav 7 ro¥ A Z%2Ez27-50, Hiavy 7 FEOHEZEZ 72 b DE2FGFHL 7.
SRETHARE 1 AHLLE, 2 AHAR 3%5tW—IJL : Cadence #f: Virtuoso, Mentor #: Cali-
bre, kZYIRFE 10K HEF> : v—24 CMOSO0. 18um 2. 5mmx5. 0mm F »
7 Fw &R TEG (EpM:EFmm s 7 &)

A L—=55>27)TARELMERBIRE

KRRZXRZRIEHRBZHRR XK RBE, B4R EE, B =5, B i

BE : 8BS 2 807 vy LRSS B SN 2 YEILE»H 5. PTHHE Y FH
LAAEHBICH D, 1/0 DHBIFERIE L b D2 BEHASE W, X 2V 7 ¢ JHRICH
T 5. KRR, RESEO 204y L =Y 2EHT 2, AL -3 7Y v 7 hR
DOEMERLBCE RN %2 F28E U 7. RN CI B A > L —F Ic a2 8wtk b, R
X BEBHEANDHEEPRD ZENTED., T, EBEAS LY EMRT B4 v N—F
—OBER, NV VEBMNENED»S 522 2 LWL Ko T w3, ZHUC X D EdiAt
L= DT 2—T A EHFEL, 72 —T 4 HHPHEBWEICG 2 B OV THHRS Z
EWTED. FNT XD, B Z IR 5 5 2 2 wELEERIEIC O WL, 7V 7 A
SLEEY MIEEONE I EE2MRLL. IO TV ICAEALD Y, EINENE 52 5
By & VDDO O OEHZMEL 72 & 2 5, 3004 — 2 RBEL kb ol. ZDddp, H
WAL % AR 5 52 5 & 9 12 @EH L 28 BEREE IO W TR EIfE 2 R TE Lo k.

SREHEAR - 1 AHBLE, 2 AFRNEE |/EHY—IJL @ Cadence #: Virtuoso, Synopsys #: Star-HSPICE, Mentor #: Calibre, k5
VYR 1,000 Bk, 10,000 K5 HHESY i w—2a CMOSO0. 18um 2.5mm fF v 7 Fv 78R : TEG (e 3T4fi 0l 7
£)

(EENSE NS ENSSENSSS NN E RSN

).
A




SN P EEIEK T REE BRI IR D
KIRKEXZPEREIZHFTR = 8, Dawood Alnajjar, 2L £5, 54 EH,
EL i
BE . 7797 — a URBRICIE U CRIR ST L U C & 2 HER LMK O
FREHEL, Z2OEARBENBKETHZ "7 7RV OMEEITTo%., 77 AFIF4DD%
VTR N, 4O008IfEE— FICL DEBOTIEMK L EBFEEZ2EHT 2. 77 XAV EHIC
WY e @fFE—F2FET LI LIckD, ERINZEFEELHBEA — "~y FDO L —
RA7%EZEB LT 7V r—vavey v 7 #2uigt 32, KkfETIlZ, 772D
KEEZTERT 2720, TNy JHEIKZHIAALZ ALURD 7 5 22 233 L. RE
Fv 7ERIMEL7-E 25, RHEAREREZEEIRT 2 & AT HENSa— LT
W ZEDPHHL, ZOREADHET IHMOBESERTE Lo, KEORET
X, BEY 7 A7 TR T 2R LA 235, a7 7Y r—varvoey
vy 7287,
SRETHARD : 3 AHDLE, 4 AHANS 2|/EHY—JL : Synopsys #t: DesignCompiler, Synopsys#t: Astro, Mentor#f: Calibre, k35
YIZFE 100,000 HEFY : vw—24 CMOSO0.18um 2.5mm 45 v 7 Fv 7Rl : vf 7u 7oty ¥

(EENNNENNN NS NEN RN O

ER/E7 771791 708K 70—7 TRWS EHISEEROKE

R RZXRERTEHER WO E¥, BN =M, 8K &H §

BE e, MO 2 RIRICH, Sy 7 — 2R LSI L AULIZ BT EMI fE)s mmm '
BETEML L T\ 5. 20X E LT LSIOMEHBEA 2 ME L, /4 X ERERRE 2 fE T =
BUENB S, 22T, RADWES N — 7T - SNSRI D LRI~ 4 7 1 m”“ﬂ“m
WS 7a— 702> T3, KkfETlx, V7w — 7% CEHERIEE1T S 4
ZEERHNE L AR E X CRBIIERE Ic g L 72 2 ¥ — v a4 Ve EGERL
7o, 72, 8AKDEFMEWINCELE L 728k, KO a 7L —Ffgz it Lz, B> Tt
FE TR % B L Z ORRERGET 2 PETH S.

SRETHAR 2 AHDLE, 3 AHARNE 5&EHY—JL @ Cadence #f Virtuoso, Synopsys #
Star-HSPICE, Cadence #f: Dracula LVS, Cadence #t: Dracula DRC, Cadence #: Ana-
log Artist, Mentor 4k Calibre, ~Z>YIX&# 100, 100k HESY:v—2
CMOS 0. 18um 2.5mm f§ 5 v 7 Fv 71&ERl © Z DAl

PG TARMILA—R

ERARFET 2 BRIl =—, il BB

SRRFBEARZMAER = EE

BE : @#7—2@EEE2HIE LT, LSIFy THEFEICEEEZ#EH L 7264 vy —a %)
YavimHEHEhTws, Z0oEHDLDICIE, LSI 70X X2k 37 4 b &4 4 — P
DESWICOVTHN T 208235 5. AF v 7, il CMOS 7uw 2 2HH L T,
¥ v ) 7RI QIS TAT TR ICBEIT AR 7 4 P A A= FTH B, TNT
vy o WIRRSE R L35 ki, EEEYa Yy 7 ME LoEmIRE %L 2.
7z, Si DFEPIURENI/N S VO THIE Si DBEE S £ TRET 5720, SiEH-ciE s
XX ) TOEHEEERGIRT 2. 20740, SIEFRTHRELLZF Y ) 72T THES
SO Az, BUEFHIGiFhTH %03, IBEEEICO VT IGHZ BE ORGSR T E
7o. £, I0OVEITONS 7 2ABETIOEU L0 73T vy = BIREFIG % 157

SE - &, I0E, Al 8, "CMOS 7uR Ak 37T vy 2 7 4 A A A — R, PR 20 1S B R BR AL  iEA
R, D-22, EiLiRs (2008) .

SRETHEAR - 5 AALLE, 6 AAKRM REHY—IL @ Synopsys #: DesignCompiler, Cadence #: Virtuoso, Cadence #: Dracula
DRC, Cadence tI: Diva, RSV IZFZE 1000 E, 10040 HEZ> :v—24 CMOSO0. 18um 2. 5mm 5 v 7 Fv TEHl :
TEG (Rri:REAmR % 2% &)

COLCL Lt




—

SEFREEILZBEWVWEFY 7RSO E, Fv 7RHIES D Z O MEROHIE
RREHNZRMAZRERZERRNAARR 859K 86 PERE

BEE R4 CMOS 83 7" 1 & AMHIKICHE Y, -7 v P27 D36 2 E0INT 2 A
ZH5b. 22 THRXEF, BooFiReREEHe VEREL Tw 5. GBS VIIEET —
FER=ZIBRINTE D, BEID O E W) FHEDIH 5. D LR — 2
THIELICE>TES D EDREZWZA MG E > T 5. KF v 7 ClE, BIEDIXSD
E i & L CRIEE L L TR S N EBIH OMERESR S OA F T\ 5. [FARFISEERH
ZHET 2R DDA EN TV . FHIOKE, 1 DTy 7NTH > THEER OB
IZ & - GEIERFE QWM SR 2 2 EWNgd o, £, B2 F v 7 CTIEEBERFE
BTV S Z o,

ERETHARD : 6 AH DL E, 7 AHRM 5REHY—JL : Cadence #: Analog Design Environ-
ment, Cadence fk: Virtuoso, Synopsys fl: Cosmos, Synopsys £k Star-HSPICE, Ca-

dence #: Dracula LVS, Mentor #: Calibre, Mentor %t CalibrexRC, NSV IZRTE:

0.18um 5. 0mm fAF v 7 Fv 7RI  HEEE (GRRLS, RESR L)

SEYMRATS17OtYY

RRIZERZPARERIEHRET IR EE#X ERET, 8 E

BE  AF v 7%, B TEREREGH T AHARER Y A 7 AHROFHMERH, Xiit
RVLSIEEGEI 70y 2 7 P EHO—BRE L GMELZbDTH S, AFMETIE, KRB 7o
Ly PEEDLODOREAPD) E LT, U TNBEEY FDABRRAL T 74 v Tukyy
ZREIL7. 8y FCPU TH B2, ity MTIEMIPS32 %7k y M2 HWTW»
%, WERICIZNEROMHXEY 255, SHED S 2 ) TAUIRIRIC & 5 H ZIAAHTHET
b5, BEEHO /O 2 fMMLca7 LEEDa 7D 2 @EEZHRETL, 1 Fv 7 EicLA
7 b Lz, BEHCEFEIR AR DR Y v = Fe L 74 77V R,

ERETEARE S AHADIE, 4 ARG 5REPY—JL @ Cadence #: Verilog-XL, Synopsystk
DesignCompiler, Synopsys #l: Astro, Mentor I: Calibre, NS IR &% 10,000 DL
[, 100,000 £ji HEZ> : w—2 CMOSO0. 18um 2.5mm 5 v 7 Fv 7Rl : <A
rsua7axyy

SFARRF7FAJERER TEG (TC4, TCH)
BEEXREF/TINAR « NA ARERIEWER  BIE5h £OX, HE®RZ
LEREXREREHYEREMERN AHEE SHR THF
BE NS OMEEHIO R OIGHN & LT, HENOIREGHZ HiS L, 2RO
TEG EBMEEZ 1T > 2. SBICHERREEOMEEEIICHE L 2 TEG, TC3 0ilfE%
fIo7-08, HIENREE E 2 756, v Ty 7a4 VG ERORIR 24 & cEMAM
2L, aAvEMITEREL, AvFy TaL VEFELLMMERZITo 2. p-nE&ICX
B v, HEBEIEREE, 10bit (& J1Z X ¥ Analog-to-Digital Converter
(ADC) , 120kbit ® SRAM % &, MIEfERIZ N E TORMEEZFEL TV 5. ERDL D
FREOE L, HEET) o2 IR lay b, 5405y TORMEL L.
SEMR : T. Ishikawa, Y. Masui, K. Johguchi, T. Yoshida and Y. Murakami, “A
wireless chip for intra-oral temperature measurement,” Proceedings of the 15th

100, 000 24 |

[(EESSRESNEE &

m
111

RER

AIES

v ua—24 CMOS

4

(EENNSENNSENENNR RS O

Workshop on Synthesis And System Integration of Mixed Information technologies (SASIMI2009) , pp. 477-481, (2009. 3)
ERETHEAR : S AHDIE, 4 AHKE |EPY—IJL @ Cadence #: Verilog-XL, Synopsys #: DesignCompiler, Synopsys k: Astro,
MY ZX5%0:100,000 L E BMES

Cadence #t: Virtuoso, SITfk SX9000, Synopsys f: Star-HSPICE, Mentor ft: Calibre,
Y :u—24 CMOSO0.18um 2.5mm M+ v 7 Fv F&RI : TEG (RetkatHilink 7z &)



ERR20E/EEAE O—L CMOS 0.18um ik
(RO18084)

XEV AEIE4

RRAFZFRERTZRMER  EBAE

RRAZABEEE Y AT LR SBBERR V5 — ZE ®, HHEH, XHBE

BT RI0 70 AOBEML L 0N Y ¥ BVISIORERFTEIC A>TV, 208 LTI

PVT IS HCHMA 7 =% 7 7 F v 2 Ho CHEIEEEE CHETE 2 L) kK2 iTo 7. 20HT

A EEEEE B LCHCRMRADHRMETLL AL 794 v (gate-level-pipelining) DL w%ﬁ

FEIZOVTHREL 72, REL LRI A CY A0@OME % R ICEA L 2BTh Y, BiEREEETIOR

7.1 WUEEZ T 200 NMOS T [l & PMOS TR S Nkl 225 5. 2. NMOS Llﬂ%i»

Evaluation O ix PMOS 2 Precharge Th b, PMOS [a[# 2% Evaluation Ok ix NMOS [Fl#43 Pre-

charge ThH 2. LORBICL YV EHRDO L 774 vEERTAILNTELL, 27 -0lilL EOBELH 2
ZEB ot

ERETHAR 1 0.5 AHDIE, T AHAI 5EHY—JL : Synopsys # DesignCompiler, Sy-

nopsys £ Astro, Cadence tk: Virtuoso, Cadence £ Dracula LVS, Cadence f:: Dracula DRC, NS> ZX7#: 10,000 2L

L, 100,000 #%d HEZ Y : vw—24 CMOSO. 18um 2.5mmAF v 7 Fy TRl : w4 /u 7wty

4

T—ir

(EEENE RSN E NN RN AR

BERE—RFRERFAENNEREETIYI71ILY

RERRFRZ I ESAIR R EHAIR =18 &L, ER EX
RRRKEXRERTZRMARR HE

BE - WEMREL Yy 27 4 VY I, ANIHROKE I OZAIC TR 2B AT L%
ST 2 ECRETH B8, —MINICHTI 2 A PSR OEOEHANA—FY 2 7 2ERT 3 2
ENEE L, HifiliZe © 7 2 L BIECE CRIZMR LI 2 F v 7 FIcFEET 57D ICH
CUHBUREE %2 Bi%s L, RO35_0601 DifffEZ & T o— Py = 7R L7228, INGEds & RGH S
DIREDPFAORDE T PHERH OB E 726 LI E ko Tz, 22T, MBSz
HOTICHERGIEL Yy ¥ 7 4 VY UL FERT 5 7D ICEZ2 QR L (RE SRR 7
—¥F 7 F %), MEAHE LD X w7 u 78z eI X > TR 2T Fv
TOFEEZAABRTEL., TORRBITE>T, 8% DBIIHRZMER L %4035 HlHE 5 % Hiid
LT 22 EITHIN L 2. REEHTiE, RO18_0703 DikfE 2 & T& & 1= 4y [l o F ks -
ZIIC, BEXE6MEDA A =L v BB L =P o 72FEE L2 MEEIRL/L, 1/2, 1/40 3BBELTEETH D,
I, £45° D4HED T 4 L7 UFEZIET I EDITE 3.

ERETHAR - S AHLILE, 9 AHAREM et —JL @ Cadence #: Virtuoso, Synopsys #k: Star-HSPICE, Cadence #k: Dracula LVS,
Cadence f: Dracula DRC, Mentor #f Calibre, ;3> X&%:100,000 01 #HES> : w—2 CMOSO0.18um 5. 0mm j
Fv7 FyTERl A XYY/ AV—bryY

BTr—YfAMESEBERTOEYY

RRERKXFEXERMEREIREZ AR [AEF $hX

RRERKERERTFERHARR SHE

BE I, BEYATLARAHEO TV Vv ak—T7 T4V AT L, ba—wy AV
Y —7 =R ERRR BWIBAT 2 LN TE S, Yo Rt —r 2 ViR
e EOBMEAMICEI T 2R IEAIATON TV S, 206 DBEEHRLHICE W TH E
Bz B D) 7Y A LA TRD 2 2 ERIFFICHEETH 5. 2 2 CARGCIEEHICE) =
BRERTs7aey Y2 WA LE. 2o 7aey Tk, Ay P Ehe X 254
BERLeyF Uy IRl LICEoTHERI MVEEKTLIZ YV ERN T2y
FUTTNIY XLERA L. £ —F7 27 OR#E LT, M) E X7 b
HHERA2PAAHT 2 2 LIk D REEEZIMZ 25D, E» OERICHEE T 5 2 L 2 AR
L7, 5122y FCREET 22008 E X7 ML Z2AFIICKRDDZ Z LI ) T—2D
FIHZEE X OE#E 2SO TW5. fER L7 F v 7oO/KEE T, 1.8V, 100MHz O E{ETH 4 X A3 256 X 256 O @jjilijffic ®F L T,
1060 7 L — 4/ &0 ) A ARETH 5 Z & 2R L 7-.

SRSTHAR : S AHLLE, 9 AHAKIN E&EHY—JL @ Cadence £l Virtuoso, Cadence #: Dracula LVS, Cadence #: Dracula DRC,
Mentor #k Calibre, synopsysfk nanosim, ;3> IZX%%#:100,00000 L HEZY @ v—2 CMOSO0. 18um 5. 0mm fAF v
7 FyTER I 7ru s/ T MEFAM T 0k v Y

KN,

I[N W O




—

SwyFeEAWIVIIL—%, A 2 AD ZTiags

BE : SRORMETIE, BIROBEDOT, Eh2anzhznic Rz ELL. —>
H23, ASMES LRMEES 2L, 7« P70V EZ H T 5 ks, a v 3L — 2 [EgT
H5.22007y FRIFBELEHIERICED 2L —F2BEL T 5. ZONHBEIEF v/
FEAL v FEMOL LD A7y FF vy EBLTHD, X HIEEDE K
BT IENTES. ZOHD, ATEHAREH A/ DERERTT. ALHARXEH 2
TEITkY, BTAUME Z AN LR 2 EBNTE, BOMED A/ DENET) Z
EBHKS. ZoEEEE, 1EYy PEwIHELE Y PECHWEETEIfEI 2 Z L2k D
IVOREETTHEIET 2 ALADEHERTH 5.

SEIW 1 AOPFZ, "CMOS 7 F 1 A", CQ Hillikl:  (2005)

EGSTEAM - 0.5 AHDLE, 1 AHRH 8&EHY—JL @ Cadence £k Virtuoso, Synopsys %k
Star-HSPICE, Mentor #k Calibre, k3> Y Z%#: 10080 E, 1,000 45 HES> :
o —24 CMOSO0.18um 2.5mm A5 v 77 Fv 78Rl : 7+ v/ (PLL, A-D/DC-DC av =% 7#% L)

HCgorilla. 5 DRAF

BARTAZ R ZREBTZHRR P —3ll, R B

BARTKF A RRLIEEY 5 — 1k Rt

BE: 7—% 777 * HCgorilla i, HAPMAKHFEL CTELLF AT 4 TENL L
7'ux vy gorilla & KEDF—¥ ZE®HICKS - 85T 2HH 7”21y % RAP (Ran-
dom Addressing Processor) OEffizfie L7z n—F7 = 7S HAAARR 2 EX & 2
7atvy¥Thsb. HCgorilla ZTOR#E %G T 5. 1. Java CPU O FEfTEAZM->TE
D, JVMIZEEIN T2 Java N4 P a— F2EEFETT 5. 2.120 CPU ¥4 D ki
2250 CPU a7 %924 L7 Multi-Core R TH 5. 518, KFBMRO L WIERD A v
A7 7vavik—8E L TR ZFT$ 5 LIW (Long Instruction Word) £
i & DK AMFIMIEE (TS . 3. i b LI 0 2> 5 J#E FZ4TE I Wave-Pipeline %
ML, EEEMRICHZE LTS, 4. RAC (Random Addressing Cryptography) o 53
% 72 SIMD & — F o550 % 92479 5. HCgorilla. 5 1%, 246 O E#RE{L % fiE L 7z HCgorilla. 4 & Stream Cipher En-
gine DEfliEHA LT uy ¥ Th 5.

ERETEAR - 3 AHMIE, 4 AARM EREHY—IJL @ Synopsys #: VCS, Synopsys #: DesignCompiler, Synopsys 4t Apollo, Sy-
nopsys tk Astro, Cadence fk: Dracula LVS, Cadence % Dracula LPE, Cadence %k Dracula DRC, Mentor %k Calibre, k>
YYRFE 100,000 HEFY - vw—24 CMOSO0. 18um 5. 0mmx7. 5mm v 7 Fv &Rl : ~4 7n7nk v

RIRFENE / - XA E 3%

HEAYEYEEREBETAFNRE L2, FHEX AREE | CEGEELECT
BE ECLA ¥ —7x—AANI6E Y b %50Q TKIm‘ 2oL T2y FEL, 77— g L
2% (EIFEEEE) Z2/H0T, FIANCORB> TV, TRTERERBCREINTL S
LD, MDFy TERRZLIATHB. T AYEEDOBEIRIZRT Ay FH6 P74
NEFETEIR R CHIG L, PLOREZIEN T 2720, A v F v 7F v 0 ¥ &AL
TWV3. 32y FORFIANMEEEFIE8 #» Tk D 78y FCOHEL, FIA N ETIEY
Y REAEVICLERMERS>TVS, ZOND4A8y FIZER - 77 v FOkE/4 v E
— ' RF69Q/ARKTHD, D ANy FIFAY v 7 P R7PHEETHQ/RKER->TWw3.,
PLZFy TG ETAY 7V v X v vy (LBETX vy 7EE) OFEEPEBETH
2133, 69Q £ 5Q DFEWIFEERIEHIHONZ 3T TH S, iR, Txr v 7
RLETN, RKAEETX v v 7TV, ERABTX vy 7ETN, SiFv 7 TFry 7
TFNOD4FEEE ASET ZRuHEMEA ¥ — R = WG TIEE L 16 € v AR HAY) ) B 2 5o P1, SI % K4EE R 42200944 H) »
5§ 2 PETH 5.

SRSTHARD - 5 AHBLE, 6 AN 5&EHY—JL : Cadence #k: Virtuoso, Synopsys £l Star—-HSPICE, Cadence #: Dracula LVS,
Cadence #: Dracula DRC, ;S >YYX##: 1,000, 10,0004 HHEZ> 1 v —24 CMOS 0. 18um 2. 5mmx5. 0omm ¥ »
7 Fyv 78R : TEG (BFpMESEhmIgs 2 &)




FIFFENE / X 5T [ 2%

AEXRFEFEEBIEEERIRMARE L &, FEEREX, KIRER

BE ECLA Y% —7=z—AANI6E Y b%50Q THImk 27 L T332y L, 77—
24 (EIEEE) 24 LT, FIA4NCORBo TS, TRTEERB ORI TV
LD, —MDF Y TEREBL LB THD. T AV EEDOBIRIE RTS8y 5 FIA4
NG & 3R TR L, PLOREAZEN T 2720, v F v 7XF 2 S0 FE2FAL
T3, 328y FOFIAHRERIZ8 # ATk h X7 8y FTHfEL, FIANETIRY
FJYREABVCLERMRER>TVE. ZOND4 Ny FIZEH - 77 FOoRk/s v E
— VA 69Q/ARKTHD, D ANy FIFAY v 7 P _R7BETHIQ/ RKE>Tw3,
PLIdF v 7RETETAY TV I X2 80y (BT X vy 7EWE) OFENTEETH
2139°C, 69Q & 5Q DEWIFHEBAEHME SN IETTH S, FHEERIE, TX Yy 7
RLETN, RAFEETF vy 72T, AT X vy 770N, SiF vy 77X vy 7
EFNLD 4HEH % ASET ZRuFEHEA v ¥ —F—F WG TEK L 16 £ v  FRIRHY D 3 2 K5 PI, SI % REERLZ20094F4 H) 2
SEHiid 2 PETH 5.

SRSTHAR - 5 AHBLE, 6 AHRN 5&5HY—JL : Cadence #k: Virtuoso, Synopsys £l Star-HSPICE, Cadence #: Dracula LVS,
Cadence #: Dracula DRC, ;S YYX##: 1,000, 10,0004 HHEZ> @ v—24 CMOS 0. 18um 2. 5mmx5. 0mm F
7 Fv 7Rl - TEG (Retl:FEmialg 2z &)

FIFFENE / X 5F( o2&

AEXRFEFEEBIEEERFMARE L &, FEEREX, KRB

BE ECLAY¥—7=z—AANI6E Y b%50Q CTHImk 27 L C32y L, 77—
24 GEIEEE) 24 LT, FIA4NCORBo TS, TRTEERB ORI TV
LD, DTy TEREB LB THD. T AV EEOBIRIERT Sy 5 FIA4
NG & 3R L, PLOREAZEN T 2720, v F v 7XF 2 S0 FE2FAL
T3, 328y FOFIAHEERIZ8 2 ATk h X7 8y FTHfEL, FIANETIRS
FJYREABVCLERMBERS>TVE. ZOND4 Ny FIZEH - 77 FORk/s v E
— VA 69Q/ARKTHD, BB ANy FIFAY Y 7 P _R7PBETHIQ/ RKEL>TWw3,
PLIZF v 7RETETAY TV T xR 2 80y (URRTX vy 7EWE) OFENHEETH
2139°C, 69Q & 5Q DEWIFHEBALEHME SN IETTH S, FHEERIE, TX Yy 7
RLETN, RAFEETX vy 72T, BHABTX vy 770, SiF vy 7T vy 7
EFND 4HEH% ASET ZRuFEHEA v ¥ —F—F WG TEK L 16 £ v  RIRHY D 5 2 Ko PI, SI % REERLZ20094F4 H) 2
LEHiid 2 PETH 5.

SRSTHAR : 5 AHBLE, 6 AN 5&EHY—JL : Cadence #k: Virtuoso, Synopsys £l Star—-HSPICE, Cadence #: Dracula LVS,
Cadence #: Dracula DRC, ;S YYX##: 1,000, 10,0004 HHEZ> @ v—24 CMOS 0. 18um 2. 5mmx5. 0mm ¥
7 Fv 7R - TEG (Ret:FEmag 2z &)

FIFFENE / X 5F( o2&

AEXRFEFEEBIEEERFMARE b &, FEEREX, KIRER

BE ECLA Y% —7z—AANI6E Y b%50Q THIm% 27 L T2y L, 77—
24 GEIEEE) 24 LT, FIANCORB- TS, TRTEERB ORI TV
LD, DTy TEREBLLIHTHD. T AV EEOBIRIERT Sy 5 FIA4
NG & 3R TR L, PLORBEAZEN T 2720, A F v 7F 2 S0 FE2FAL
TW53. 328y FOFIAHREIRIZS # AT L h X7 8y FTHFEL, FIA N LTI
FJYREABVCLERMBERS>TVS. ZOND4 Ny FIZEH - 77 FORks v E
— VA 69Q/ARKTHD, D ANy FIFAY Y 7 P _R7BETHIQ/ RKEL>TWw3,
PLIZF v 7RETETAY TV I X280y (BT X vy 7EWE) OFENEETH
2139°C, 69Q & 5Q DEWIFHEBEALEHME SN IETTH L. FHEERIE, TX Yy 7
BLETN, RHEET X vy 72TV, BRABT X vy 7TV, SiFy 77¥v v 7
EFNLD 4HEH% ASET ZRuFEHEA v ¥ —F—F WG TIEK L 16 £ v  FEIRHY] D 5 2 K5 PI, SI % REERLZ20094F4 H) 2
LEHiid 2 PETH 5.

SRSTHARD - 5 AHBLE, 6 AN 5&EHY—JL : Cadence #k: Virtuoso, Synopsys £l Star—-HSPICE, Cadence #: Dracula LVS,
Cadence #: Dracula DRC, ;S >YYX##: 1,000, 10,0004 HHEZ> 1 v —24 CMOS 0. 18um 2. 5mmx5. 0omm ¥ »
7 Fwv 7TER : TEG (RprEEFmngE 2 &)

C

10000
M il




—

FIFFENE / X 5T( [ 2%

AEXRFEFEEBIEEERIRMARE L &, FEEREX, KIRER

BE ECLA Y% —7=z—AANI6E Y b%50Q THImk 27 L T2y L, 77—
24 (EIEEE) 24 LT, FIA4NCORBo TS, TRTEERB ORI TV
LD, —MDF Y TEREBL LB THD. T AV EEDOBIRIE RTS8y 5 FIA4
NG & 3R TR L, PLOREAZEN T 2720, v F v 7XF 2 S0 FE2FAL
T3, 328y FOFIAHRERIZ8 # ATk h X7 8y FTHfEL, FIANETIRY
FJYREABVCLERMRER>TVE. ZOND4 Ny FIZEH - 77 FOoRk/s v E
— VA 69Q/ARKTHD, D ANy FIFAY v 7 P _R7BETHIQ/ RKE>Tw3,
PLIdF v 7RETETAY TV I X2 80y (BT X vy 7EWE) OFENTEETH
2139°C, 69Q & 5Q DEWIFHEBAEHME SN IETTH S, FHEERIE, TX Yy 7
BLETN, RUFEETX vy 72T, HKABT* vy 7ETN, SiFvy 7TFxrvy 7
EFNLD 4HEH % ASET ZRuFEHEA v ¥ —F—F WG TEK L 16 £ v  FRIRHY D 3 2 K5 PI, SI % REERLZ20094F4 H) 2
SEHiid 2 PETH 5.

SRSTHAR - 5 AHBLE, 6 AHRN 5&5HY—JL : Cadence #k: Virtuoso, Synopsys £l Star-HSPICE, Cadence #: Dracula LVS,
Cadence #: Dracula DRC, ;S YYX##: 1,000, 10,0004 HHEZ> @ v—24 CMOS 0. 18um 2. 5mmx5. 0mm F
7 Fv 7Rl - TEG (Retl:FEmialg 2z &)

RISC & CPU D{ERK

TFERFIEEH £ [E, K B, FH s

TFEXRFRESHZMER K —E, FESE

BE  AREF v 71E, HAENO AT AEEZNRE T 2 REHRFFEHFICE W TER S
nRgch 2, KEFTIE, Verilog-HDL % F\v>T RISC B H &4 % > CPU %
Bt L7z, ZOCPUIBCOMETI Z_R—2 & L CPUTHY, WS 2»DlHMS LB
MLTH2. 2ok, @wHAKRY —V, RHREEY —V, BGEEY —vz v 5 558N 74
T4 Y NVEHRGHEICEE DT R I8y =V 2 fER L. ZoFEFIZEWT, CPUD
HAMLBEDMLMAZ AR & LItc, FEEDA Y — L2 w2880 T 1 29 VAl
HEHEDOHEEIZ OV TEE L7, 72, SRR 3 2 Mg % Ko 7.
SEXHR | VDEC Eifs R, "7 4 & ¥ VERRIKOBEE & 3 E, " B2 EAE (2000)
ERETHARD 2 ABLLE, 3 ABRKM REHY—JL : Cadence #k Verilog-XL, Synopsys
DesignCompiler, Synopsys fl: Astro, Cadence #t Virtuoso, Mentor #: Calibre, MUYV ZXZE 1,000 DAL, 10,000 A
HEZY i m—4 CMOSO. 18um 2. 5mm v 7 Fyv TRl : v (4 7u7uxw vy

SN E SN NSNS RSN RRNR AN

SRAMEEVY—IVFETEG

AMIERZEY A I OLRERTTEY 5 — H s, PRz

BE: HInmHRoOREH 722D S RAMIZE LT, TN KEEL,
FERSDEMRICKD, XEVRLVDRAY T4 v 7 /4 Xv—Y Y (SNM) BAREL,
IEHEIERREE 72 & ) MEBEIH SN T 5. AF v 7I3RD2ODTE GEIRHL
bDOTHS. (1) SNMEIHD P v P RAF 3 A AAED L= 3= SRAM+E LA
YN=FTEG (USCIT). (2)280USCIT#%#A€EVxX)LELTHY, USC
ITEAMDAEY XL T VPRI A RITET B S RAMF v ZEIfEI% A6 & L
72 N—H)ILSRAMTEG (USRAMT) . ATEGIZ, BisffE RO1808_3 Iz kX
T, HICHUNERTAE VRV TV PRI YA REREZD I ENHRERSTED, AT
EGZ MMM XD, RESRAMEIL 7 VPRI H A XG0 oD 57—
I R—AfEEE2EET.

SZ3 W : K. Nakamura, K. Noda, etal, "Static Noise Margin Evaluation Method Based on Direct Polynomial-Curve-Fit-
ting with Universal SRAM Cell Inverter TEG Measurement, " 2009 IEEE International Conference on Microelecronic Test
Structures, Mar. 31, 2009.

ERETEART - 0.5 AAME, 1T AARM F|EHY—JL @ Cadence 4k Virtuoso, Mentor #: Calibre, k3> YX4%k: 10,000 L,
100,000 A3 BMEZ Y : v—24 CMOSO0.18um 2.5mmfyF v 7 Fv 7RI : x €Y

O e




&EE - 7Ny T - ZHniER FPGA

RERFABEEBR Y AT LARSBERR Y5 — =H SR, BHER
RRRFEIZH H)Il &8

BEE [ EAEERE L 2o TV 2 KHIBER RIS DT ANINGE - 7%y 7 - B0 7 & Oi%iE
% #AIAA T FPGA (Field Programmable Gate Array) % il L7-. #ff FPGA I3)LH
FPGA LD 7—% T 7 F v Z AL TE D, Z D7 PHFPGA L FAED 1L THAE
RELOHESE 22 LDHHETH L. —HTHHFPGA L3R4 D, &ESHIZ2HAL
%o TR, —D2RRIEES, IR HRZOEEVBHAIETICHELL A 20 ) 0ER
. KW TRy 2IZ ANy I Ty T T — 7N EBMOGEEY S 2D, WA
FPGA X 1Ix12fHDFH 7 v v 7 28T 5. WHFPGA 7'u b ¥ 4 7% H w2 Bk
AERBETIX, V7 Y 2 T ORTET L G EICHART, REFPGA 2\ 3 T & TGN
Mz 7TEREREILTESL L 2R L. 5%, 7y 7 - B Lo B EIcN LT
LIREFPGADENEZRL T FETH 5.

SZEXH  H. Yoshida, S. Morishita, and M. Fujita, "Hardware Accelerated Formal Verification, " Proc. of International
Workshop on Logic and Synthesis, pp. 247-252, June 2008.

SRETHARE : 1 AHDLE, 2 AHARGM &5V —JL @ Cadence # Virtuoso, Synopsys#t Star-HSPICE, Mentor 4t Calibre, K3
YIZRFE 100,000 HEF>Y : m—24 CMOSO0. 18um 2.5mm M5 v 7 Fy 7Rl : 7ru /Ty ERAR Ty
W

CMOS EMIL7 & 7« THHRTO—7 .
RIEKRFAZRIZMARR WO IEH, BIF S, 8K S = ] (] ]

BEE @ afE, BrRERORRICEY, AEERICHIC X % EMCHEDEELL Tvw5, 2
DOXFE LT, LSIOEFH@HREZREL, /A AFEPEREEERETI2H0ENH L, 22
THA OWFRZE TG - SRl oElt~S 7 i 7e — 7 0% %2i7-><C
W3, KilfEclk, Fy 7 LICEREERT Y7, v NIy FERN Y 7 7 2
WL, WAmHas VeI T 5 2 oo LR HE L. Fy TEFEERTY
v MR E DFEBEICZ, B A ANOfmEREL, AEL—THEO DI T4 PR
TAVIT TR 7V y 7 Fy 7HEEZREL CESIOHB LA Ay FEEFLL. £
7o, WS 70— 71 2 HIREEE OWRGEZ 1T 9 720, RN HEEZ F v 7" RICEEL
7.

SRETHAR 2 AHDLE, 3 AHARNE 5&EHY—JL @ Cadence #f Virtuoso, Synopsys
Star-HSPICE, Cadence %l Dracula LVS, Cadence #I: Dracula DRC, Cadence % Analog Artist, Mentor #l: Calibre, ko>

UZYB 0B L, 10045 HESY 1 m—24 CMOSO0.18um 2.5mm fAF v 7 Fv 78E : 2 ofi 163
%
3
=
9’_
—r - . P
BiEE )Lz AW it O MmE O HIE 7
REREBRNZRMAZRERZERNAARR WK PERE =
BEE © JE1E ) CMOS B 7' 11 2 2 OANLICHED, b5 > 2 A ¥ ORREASINT 3 filf L’E
2B 5. Z T THRAGISEE ICENGBERH VZREL T» 5. GBEEHe VRS — pia
==

b LI E R—R IR INTE D, BEID RV E L) 5. 7, BfEEHE
ISR ICEN TR 2 21 T4, BEE S DX ICb IV E L) F#EEM AL Twa. K
F v 7T, BEEL VTS W EBUE OB 2 OAA T 5. Wit O FH &
LT, BRMICEHRD A — 7 VR Z DA vV EER L, 246 2 EERNICHEDIA
ATV 5. BEMEOEERICE W CTREEITIE R TR E > Twd. FHITORKSE, RS
AENFEETH> THIEFEREZHIL T 5 I Enad ok,

SRSTEAR 6 AALLE, 7T AHRKM |EtW—JL : Cadence #: Analog Design Environ-
ment, Cadence fk: Virtuoso, Synopsys fl: Cosmos, Synopsys £k Star-HSPICE, Ca-
dence ft: Dracula LVS, Mentor ff: Calibre, Mentor ff: CalibrexRC, NS> ZX57%0:100,000 0 F =HEZY @ v—2 CMOS
0.18um 5.0mm fAF v 7 Fv 78Rl : AR (GRRELS, RESR L)




—

SFAERF 7 FAJERE TEG (TC4, TCH)
LEXREF/FTINA R - N ARERIZHFTER AN Esh, EO¥, HE#®Z
LEREXRERLHRVEREMERN AHEE SHR THF
BE : NS OHEEHIO R OIGHN & LT, MENOIREGIZ HIS L, 2RO
TEG BMEAEZ 1T - 2. Selc K EFENEEOMHEEIIcEE L % TEG, TC3 DilkfE%
fioteds, OENREEZ 2156, 4 v Fy 7 af L cllBEEMOHK 2 & cEME
2L, aAVEMITEREL, AvFy TaL VEFELLMMEEZITo . p-nEA&ICX
B v, HHBEIIRRIEE, 10bit (K& & X ¥ Analog-to-Digital Converter
(ADC) , 120kbit ® SRAM % &, RIEMERIE N E TOREEZBEL T 2. ERDOZD
FHOE L, FEET) S 2EIC IR Iy b, G405y TORMEL L.
SEMR : T. Ishikawa, Y. Masui, K. Johguchi, T. Yoshida and Y. Murakami, “A
wireless chip for intra-oral temperature measurement,” Proceedings of the 15th

|

I

Workshop on Synthesis And System Integration of Mixed Information technologies (SASIMI2009) , pp. 477-481, (2009. 3)
ERETHEARD : S AHDIE, 4 AHKNE 2|EPY—IJL @ Cadence #: Verilog-XL, Synopsys #: DesignCompiler, Synopsys #k: Astro,

Cadence #t Virtuoso, SIT#k SX9000, Synopsys f: Star-HSPICE, Mentor ft: Calibre,
Y :u—24CMOSO0.18um 2.5mm g+ v 7 Fv 7RI : TEG (RetkatHilink 7z &)

FSYIXZE 100,000 FHES



FH204£ESE5E0—L CMOS 0.18um
(RO18085)

Elllbl

13

2FEHAESEHIT S LSIKERE

RRARFRZRIZRARE Rt K#, PIE KF

RRAZABEEE Y AT LARSBBERR V5 — ZE#, tHEH, XHRE

BEE KTy 7REH - b - AETRZEO2YAMY I0—RE L GMEL b0 TH 5. 2EAMY I TR
¥ 7 FPGA (AlteratkCyclone ) —X) %ffifi L 7-3Hfix — F 1T Verilog-HDL % T 7Y # VInlgh % 3%
AL, 20BfERMER L. 2 0%, FEAEREED Rohm 0. 18um 7rX AMAY v ¥~ FeLT4 77 ) &
WOREARK, BERRZTI ZETUATY F2ERL T 5. ZOREKIEVHY S PONG LTS T4
T—LEHHLLODTHL. A VI =T A AL LTENEDAL v FANERRZTIOFTERD, ZhickoTr
—LDEFRTT). L LTRGBZNZEN1 Ly F 020 8D SVCGARH#INTA. ZOfEH%2 7+
JRCGBAN%RZIHT BT 4 A7 VARANT 5 Z L Clilili %285 2 AR S.

ERETHAR 1 0.5 AHLLE, 1T AH&KW 5tV —JL : Cadence f: Verilog-XL, Sy-
nopsys ft: DesignCompiler, Synopsys #: Astro, Cadence ft: Virtuoso, Mentor ft: Ca-
libre, FSYYRZ#H 10080 E, 1,000k FHES> i v—2a CMOSO0. 18um 2.5mm a5 v 7 Fv FHER : HEEK (GRE
w, BRERARLY)

AVF Tz TH—INDRIE

RRERRKERERTERHARR Rt K

RRERERHFEERY AT LEFHERREY Y — ZE ®, HhHR, XHBE

BE : NEEKORES % E% HTTPRIHTE=S VY I TEL 77y b7 4 — L DFE,
ST % 4T 5 72 DI BEMERR DO ¥ s 7 a X v ¥, 64K x 16bit ® SRAM, 4 —% % v F A ~
F—7 24 2A%FE 0 —LHREOR Y V- F L 574 7TV EHOTHEG L. ZOF v
I TIESPIA v =7 2 A ZZ A LAMSITDFLASH X E Y 67— %20 —F35Z ¢
THED SRAMIZY 7+ =7%8—FL, 707 70%2E735. ZoFv 72,
16y DI N—1N—=F7—%57F % CPU, initial loader, 4 - 7—% H SRAM,
10Base-T f =¥ %y b4 v ¥ —=7 x4 A, RS232C A v ¥ —7 x4 A, 8-Dbit DAD
Datal/O&"—1F @2 Frv2N) , 8bitDHIF—F @ Fr>r2) BHFEHI LT
%, FEEmIREIZE £ #8.44mm 2 TH 3.

SRETHARD 1 1 AHDLE, 2 AHA&M B5hW—JL : Cadence % Verilog-XL, Synopsys #: DesignCompiler, Synopsys #l: Astro,

Cadence #k: Virtuoso, Mentor #: Calibre, FZ>IZ&#:1,000LL E, 10,000 A& HIEZ> : v—24 CMOS 0. 18um 165
5.0mmfaF vy 7 FyTER v 7usukyy =
3
=
F
P4
7Ov 93y FYIHRCMOS A 771 AL 70—t H— A
RRARZFRZEARBEIRBIZHRE B X ?/IF
HRAZFREZERTZRMARE  KHEHIE R
BEE  ABMETIR, 7ay 2vyFy BRI EELY 7T 4 ANV 7 0 —HEERT) 70 TRIBORKEE &

fiot. ZOMBKTE, SEEE, SHEEE2ERT 2200 TREZMA . BEEEICO VT, Tay /<y
FY I OFREOBOY s n 70y 7 0K L 5% SAD (Sum of Absolute Difference) 0itt%, F—fma%
BHT— 21 L THEAT % SIMD BB X > TE 7 2 VBT, SEOUFIE 2 L¢3 2 L THEL
7. EEME A EET 27201, SADHERZBEY 7 v VEF -2 0RO X 5 k2 ER L, G2k
IR RSO L Lz, B2 SAD B F—lg2 V2 ARG E 72 28T, Mg Vofifkz et
£, EREELHETE L7070y 0¥ 4 AR A LS ENUETHS. FEy 2L —vay
Ko, BBRIB007L—A07 L—AL—bTIELSEIET 5 2 E DR TE L. MM EGEHT L
EHANLEEZTT) 7 u ZRIC LT, ERICIER T, B2 2 L nt.

2Z3#k : [1] Yudai Fukuoka and Tadashi Shibata, "Block-Matching-Based CMOS Optical Flow Sensor Using Only-
Nearest-Neighbor Computation, " Proceedings of IEEE ISCAS 2009, Taipei, May 24-27, 2009

SRETHART 1 1 ABHDLE, 2 AHA&NM 55w —JL : Cadence %k Virtuoso, Synopsys #k: Star-HSPICE, Mentor #: Calibre, k>
YYZFE 100,000 HEFY : vw—24 CMOSO0.18um 5. 0mm fiFv 7 Fy TR : A X =L vy /A —b kY




—
o2}
o

IREREIN e W It

T4 I WEFRARNT7FOT « YIR—IRIY—II—>
REARFERERTERHARE EIREE KHE
BE - BT VTV RLE LT, BMERTH AN Y R— bRy T -2 —
(support vector machine) %, 7w Zll#gE AT L 7o, ERMERERIL, ¥
N=br eV ZISALLY 7A Ly ¥ 2L FERCEET 20 TH Y, 20877 o HE
MEEREZHCT, T 7 vBBE A -2 VBB E L TR YT v — 3L
(Gaussian-kernel) ¥R —rR7 ¥ =2 =V - 7—=F T 7 Fx ZHR L. ZOT7—
XTI FYIIB T EERNORHAE, AV Fy THEEPARE I ETH . FEGRIE, T4
CENGIIC X VRS NRES NS 7, BRICHAIHT2 28 TES. Z0F v 7
122 OFRIEREE 2 BR L 22 BRIERE AR 2RI 12x7 b L) EREIE 8 X7t
238 X7 b)) o2 EEEHINTED, ABERKICEL T, A ey 2
16. TMHz BfElRE 1 X7+ L OB % 1. 68us TUHTE 5 Z & 2R L 7.
2Z3@k : [1] Kyunghee Kang and Tadashi Shibata, "An on-Chip-Trainable Gaussian-Kernel Analog Support Vector
Machine, " Proceedings of the 2009 IEEE International Symposium on Circuits and Systems (ISCAS 2009) , Taipei, May 24—
217, 2009
SREHHARD 2 AALLE, 3 AHAZ |EHY—JL 1 Cadence #: Virtuoso, Cadence #t: Dracula LVS, Cadence £k Dracula DRC,
Mentor tt: Calibre, Synopsys#: HSPICE, +~Z>YZX&#:100,00000 F BHEZ> : v—2 CMOSO0. 18um 2.5mm 5 v 7
Fy 7R 7 /T NMESUE T 0k v i

CMOS #B%FEEligZ AV B 7 -0 S & EE TEG
RRERAZRZ AT EIRE R 2R =EH—5

RRARFERERTERHARE SHE

BEE @ AFECIE, CMOS LIBRHERIEE 2 o B Resh il Fgg o TEG Z8#Gt L. W& T 2 Rz
Iy YThY, MBOBD7 4V 5 MBI CMOS 4 v A= &I U7 AEIBRR I & H o 72, SRS,
HET P 7V Y RIRIRO LT 2RTART A AOEREERHEABNT 250 TH Y, Inehedhiic v
52T, CMOS BB OFRE L b iz, BFHMRT A ADY AT AOISHAAREEZ RS Z L2 HINE LT
W3, KRR, 7 ALy Y a b REETEHET 24 v N—- s O EEEREZRAL TR, WiFoERA €Y
CEESRO Y -7 RS, -7 BALADRIRE R 2ERAE L DEDZ LY V7 4 V5 DRUHFER
LT3 g, BEREICIR T 4 — PNy 710 & 28IEIGE 2 FIM L 7 BIEAPRISE % 350 L 7. AR, B
DYAF I AR &Ko THBNICBIEAIR T C LAk, &k, MIGIESL 16MFETHY, 74 544
—F7LAZYYTAMAHDD/A 2y A=7TRITL TV 3.

SZE3Mk : [1] Kazuma Yoshii and Tadashi Shibata, “A Nano-Functional-Device-Based Image Feature Extraction Cir-
cuitry With Current-Balancing Feedback, ” the 10th International Conference on Ultimate Integration of Silicon (ULIS
2009)

SRETEAM - 0.5 AHBIE, 1 AHAEM 8|&EtY—JL : Cadence #: Virtuoso, Cadence #: Dracula LVS, Cadence #: Dracula
DRC, Mentor %k Calibre, FSYIZXHE 01,0004, 10,000 K4 HIEZ> : v—24 CMOSO0. 18um 2. 5mm i+ v 7 Fv
TER 7 n s/ FY o NETAR T e v

191 2I)LPPED X% NILERKEIRE

REARFRERIERHARE I R, %H B

BEEE : KFEHTI3, Projected Principal-Edge Distribution (PPED) #%% 2y ¥ X— 2 DHHAR 7 b

NEERETHERT 2 70Xy 2 FE L. PPED IR AT 6 4 o akry VeiliiL, v V%

BT D2 ETOHITTORBANY PV RERT 5. AR v 22 FRR Tl 2 MBI 3 EIhTe 5

720, RRAECRERBTLy V2B LB PVEER T2 LR AEL T 5. RRIENEEIE I, v

DR IRINIRET 5 SRAMB , SNy HEBZ R OEMA Y MV REIRT 3 HERETHIKE

NTw5. SRAMETIR Ty DM ETHRINC LESRET 2 2L TA7 PVETICEELR A€ ) ¥ 4 22 HIK

L, HERSTRAERINRA 7 PSR EERNICRR IS, RO Z* v VL & DR 65 2 Hi

R IWVEIFAINVTY—LVAIERT 5. SIEEL 2RI NS 7 2 v 7 3IMHz TEIfEL, VGAY A X

D% 4lfps THGEHE A ¥ v v CE HMER L. KlEFy 7RI AROL Y Y ORERET IR %

DT, PPEDR7 PV ERERT 5714 FICOBfEZ-E L T 2.

2EZ@k 0 [1] Takuki Nakagawa and Tadashi Shibata, "A Real-Time Image Feature Vector Generator Employing Func-

tional Cache Memory for Edge Flags, " Proceedings of IEEE ISCAS 2009, Taipei, May 24-27, 2009

SRETHAR 1 AHLMLE, 2 AHKW 85V —JL @ Cadence #f: Virtuoso, Cadence ft: Dracula LVS, Cadence #: Dracula DRC,

Mentor #: Calibre, ;S YIZX&#:100,000 4L HEZ> i v—2 CMOSO0. 18um 2. 5mm &5 v 7 Fv FHER @ 0
CGRERR, BRESRZL L)




SFQ/CMOS/\1 7YV vy RXEYRHG6Ikb XEY

BWEEIZKREXRFERIEN A 1858, KO K

BEETIKRZEREZRTZHER HNET

BEE - fox 3 PEARES I Rb 2 KRR & L CHE—-RRET (SFQ) M oOwFe
Z{To T3, 2@ SFQimnltic X 2 AR & CMOSIck 3 X € Y) 2o 5%
&> THEGAM L, 2OEEBEIL AR T AT LAZRELTVWS. Z0Fy
TR INFTOMBICHT L TEmBLER->TWE. XEYRAICIE4LLE TR E L
7o iE 2 Vv 5 2 & T, 36% DIEEHIRICEKL L7z, £ 7%, Josephson/CMOS N4 7
Uy F7Yy 7ROV 784 7 ZEEEDHAME L 2. Z oMK IEHTRE & 1dER 2 ZE 2, R-
RIT—Z2HOIZbDIZHR>T0S. XYW OMER TS, IEHBEE2G N,
7o V7 N TARBEOWUE L 72 & 25, IEEBIHENIEONT, SBOREICIDELS
MR TH 5.

SREHEAR 2 AALLE, 3 AARM F|EHY—JL 1 Cadence £ Virtuoso, Synopsys #: Star-HSPICE, Mentor #k: Calibre, k35
YYXZE 10,000 DA E, 100,000 A HEZ Y v—24 CMOSO0. 18um 2.5mm A5 v 7 Fv &Rl : X €Y

L 0 A 8 S M &k 318Vt 31 i

BMEEUARFAZRIFN &M &R AWl IE—

BWEEIXRFXZRIZHARRE  FIET

BEE © |41k, CMOS £ MK ORIEE B LD 72 & ICWIEM SR b 7 v 2 R 7 GRdRm %
ZEREL TV 2. WiEAERER K L 1ZBEZEZ W5 S DIET 2 2 L TMOS 7351 AT
DIFNFX—HEEEML, FAZFLX—%20INT 2 2 L THEBNZKRICNISTE
B TH 5. ARMETIE, X O KB BERI OB EHEE 21T 9 72 D12, 8bit Wiy <
A b7 YAy IO RN A 10EEFIC L2 b D& L. Z oRERIEIZAHE
kDT v 7 ERCBITEOREREECTH D, WiEhnlEg 2 BB 3 % 72D 7 A 3 5u S
MEZy FRIBAOEHTOARATDH 2. MFAREZRE IR 27DDFFANTHDE T v F
FEIZHBEE DR EL, HEZOOODOWEBEENZIET 27012, 20 s 0EIMHE 7
A VB & AN s Tw b, HIZnMOS D L EWEEBEEDIES > EZHET S
7ODBOEFDL 7 VP AT LA %RRMELY. Ta—F TP FLADPLVDEDDOMOSEERTES L) IchkoTw 3.
SRETHART 1 1 ABBIE, 2 AHKN $jE0Y—JL @ Synopsys %k Star-HSPICE, Mentor #f: Calibre, NS> Y X% % : 10, 000 X 167
[, 100,000 A5 BHMEZ>Y : v—24 CMOSO0.18um 2.5mm M F v 7 Fv 7RI : A (REWH, RERZL)

£

3

=1

9’_

- v

CMOS ElIgIE 5> =B TEG KX1{E 7
LERSASRERMERSHEN  Ea BXA MR it =
LBASEF /FINA R - N1 ARSRISWER  EO ¥, &
IFIY L NYR - IS, i

|

INEEL
BEE : CMOS LSI o/hEIfY, Sz b 7 v P27 ofiifbick Y 3 T&%, LirL, Bills
77 aPIiBe T, FFREOIXSDEFICL ) BIEASHIRHED ICBEL v LI RESEETE
D, SISO EMFHEAELTH, BE L 2 MEHRE D ICBIET 2 72 0 DRI DTE & o T
VW5, ZITARETIE, HFy 7LETORGOEORBT -SRI LREANEL, X650 EfF
WD TEG 2 4 H58M L 7z, #fEL 7 TEGIE, SPICEY S 2L — 3 v EF)LHISIM DT X —
2 fh A O Bk MOSFET, W 2 \NEF A NIEoD EDOFEONHZTIBDO) Y Iy L—7,
L RV TOIES D EDWERTHR S SRAM PAEMIAR & ko Tws, KRfETEG &k b, kK
Bifiic B 2 EIE 6D EDOWERMNT L Lok L PRING,. 7, ZOREEMITT 22 ETHEL ALV TOIESDETH, X562
ERE ANl GOk R s PRl (S
SRSTHARD - 1 AABLE, 2 AHRKM 5%5tY—JL 1 Cadence #: Virtuoso, Synopsys #t: Star-HSPICE, Mentor #: Calibre, Sy-
nopsys #: Star-RCXT, Silvaco #: SmartSPICE, ~Z>JZX &% : 1,000, 10,000 A% HEZ> @ v—24 CMOSO0. 18um
2.5mmx5.0mm F v 7 Fv 7R : TEG (ReMsHliElk 4« &)




—

IREREIN e W It

10 F v RIViERO > TI VTR ASIC

REARFIZERMARR ERER BiE itz

BEE : PET (Positron Emission Tomography) % MSGC (Micro Strip Gas Cham-
ber) & EDH v, TR EORBEBREINER~OMHEZ BN E LT, B 5 Dl
Bz 707y 7 TRIMES 2 BEICLR, 71 v 7 v 7 THIE 6bit/100MHz ©» ADC T
T4 Y Y NEGE AR R IIE Y~ 7Y v F R ASIC oG EREE2 B I ko .
2.5mm I 7Y PV, Ay TS, ADCOF v 2%z 10F v ZAGHEELTH S, &
F v I X DB S ORIB OMRN AR AR L 2 5. 7Y 7Y TIREAES O 7
V7T, 74T 7IEAPD % EORHERY A FOIES 2 E 2 INT 5720, 4-10 f512
JEIC7Z A vRAIZELE LTS, JRA =0 %REThd, 77 ET4 PP LDERIE
TEHELTH .

SREHEAM 1 0.5 AHDLE, 1 AH R sV —JL : Cadence # Verilog-XL, Sy-

nopsys fl: DesignCompiler, Synopsys fk: Astro, Cadence #: Virtuoso, Synopsys #: Star-HSPICE, Mentor %k Calibre,
SUIRYE 100 E, 1,000 40 HEZY i w—24 CMOSO0.18um 2.5mm A5 v 7° Fv 78Rl © 7+ 7 P EH

EfRt > YASERBERRE

EBRESBAFETRE AR EE

BEE RO T Y YVl L — ML AlRE s e v O FEBIZ HEE LT, 1.5V O
BIECEIES 2 SEA R v Y OBUNE RIS 2 5REH L 7. 2 v oI E R
WoER2EEE2HOIARERE A2 R L ORER e vy 2igifEL T, Z20%
EEOZEIL00%%2 A 2 HAMERL TWwBH, ZOKREAREEZHV2HT, iR
D7 Fa TRERICA TR TH - AR Z A v N— 8 7 v TICEEHZ 2 fosnfgE L
ot Eolcrmy LN, HIE - 4 72y b IRRNEEERLL 2. 2 oERNR
FEJFEE 1.3V COBIERRETH b, I3 & LTIZE60° O TI12%/F. SHT
DEIET Fa 7Moo, vy OafiEee, IBEREIEZNZ40.4deg, 0.THTH -
fo. ZOREEIZABEBIHSBHELEE L > EOTE~DIEHb BN 3.
SRETHAR 1 0.5 AHBLE, 1 AHRNE %5V —JL @ Cadence #: Virtuoso, Synopsys

Star-HSPICE, Mentor %k Calibre, MSYIRGE I 10LLE, 100 K5 BEHIEF> 1 m—24 CMOSO.

Fy TR A X =P Y/Av— b UY

RUNBAHRIEREEZRH DO CMOS 1 X—-YE0Y
BRAEFBTAHEFEREE K #E—

BE EHEOA X =P Y ORI R SICBAICEE S w205, flofiic
Py X—=PHNDL T, KFE - BERICES > XN, L0, PrX—DBn
HOHMKEEFAET 5. U L, BA I OSZEHEE O BLE % BH I A AL & 5
2 LTk, ZOMEZRARMICIET 2 FEZREL TV 5. 2 ORI 2 AR
BeiE i, ~E - EE ok OMELSFH—T, ZGFEE (74 ¥ A A —F) DiLiEo
HHEL 2 ATEHOMFEZMEL, ZOREIFOAZEBTHRET 2 2 LIckhHEHIN
2. KPMEF v 7 ClE, F—OHFERMGE T, M ORFIRACE & HHRIY 2 A LRI R E O
CMOS A A =Y v % 128X 64 lijFE 9 03GET L 72, FHliIZ B E T TH 5.

SE R : J. Akita, CMOS image sensor with pseudorandom pixel placement, IEICE
Electronics Express, Vol.5, No. 10, pp. 388-393, 2008.

18um 2. 5mm 5 v 7°

SRETEART 1 0.5 AHBLE, 1 AHAKM &5V —JL : Cadence #: Virtuoso, Synopsys#l: Star-HSPICE, Mentor #k: Calibre,
FYVYRIE 100,000 = HEFZY i m—24 CMOSO. 18um 2.5mm fAF v 7 Fy TRl i A A=Y v/ A -ty

[

L L




VSP iHEiRF v 7

SERFETEY hik 82

SERFRERTIFARE AR, EE X, X5 NZ

BE: RAOREL T2 EEBIMLFETH ZAEBRBAL T 74T %77 F %
(VSP ; Variable Stages Pipeline) O#fliZ5li% 179 #%ic, DVS (Dynamic Voltage
Scaling) , PSU (Pipeline Stage Unification) DOBEFEOKEH{LFEE, VSP, BX W
VSP # &ttt S A% 5 4 v 7 TSPCDFF £ WH{EKE I DFF 2\ 5 Z & THIZEKEN
fEL7VSPD 420 a7%2BEHL T»5. 42003 72N F N ICEIEE R 2 2 &7
BT, 2NEFNDa7OBEIFHEIZIT) LMW TES. ZOFy 7Ty Ial—varyT
EEHRROME EZE T2 2 L BREETH 2 BMARCESOELIC X 28250 XD
FEMR 2 R 2STTRE T, VSP OB MM Z X DBREIC T 2 2 L SATBECH 5.

SXETEAR 5 AHBILE, 6 AARG |5V —IL : Synopsys*k VCS, Synopsys #: Astro,
Cadence ft: Virtuoso, Mentor f: Calibre, cZ I 2% : 100,000 4 HEZF> 1 v—2 CMOSO0. 18um 5. 0omm f§ 5 v 7
Fy7ERH x4 r7n kv

IWWTF /9y NEEEREERREF v IRy TEE— |
ERREE - BERMREME &2

BREEXRZXZREREES AT LHER =4, LB

BE R, kv YRy Y=o 0/ — FEERED L REMMEESO®ED M &I #w
Tru gL T o LS 1 OFGFHERO—> & LT, ¥ 7 1 VHEBOHBEKET
o%/vzr@ﬁﬁ%ﬁf®EWﬁF#E%a&of%Twé B HBREE - ﬁﬁ*ﬁ
[\ I D TE, ERENEK O 7 v FREEFIGEYIC N, 7 A2 MZ % 7012, @IKE
JE - KRS RS L A0S PR Ik L e (721 TW®)%§%ﬁﬁRiﬁ$
BERBIDEE IND. KF v 7%, BIFREELCTE IR L 2 IR R I ILHEE
AT %, B, BEREESIVUTORENEEICEWTHLE L BRE I rm
NEpIeTES. £, Fr—Y Ry 7T, b7 YO AYICEVEE (EHE
JED 28500 E) DRI . KF v 7L, Kk 7o A 203 E LizwEka R Moz
Fr PRV TR ENT 5.

SXETHARD : 5 ABDLE, 6 ABA&NS 585w —JL 1 Cadence#k: Virtuoso, Synopsys #l: Star-HSPICE, Mentor #: Calibre, k> 169
YUZRSE 10D E, 10043 FESY 1 o—4 CMOS 0. 18um 2.5mm a5 7 Fv 7Rl : 790~ (PLL, A-D/DC-DC 2
YN= R E) 2
3
=
9’_
1. Sbit TTRME® 8bit Pipeline ADC 3
RRIEAYETYHER SEE B5 &t WER =
BRE  RRMER, AHD S HIESRD AL Ao BALI, Fv 7REORAZIELTY 1E
5IRL, RALTF7A4VA/D avNN=YDEHEZFICHADATITobDTH 5. Gt g

DRI DB LR 2B I L. FEICFER L7 A/D a v =y oftkkix, > 7Y
v 7T B 100MHz, BIHETE 1.8V, Sfi#fE 8bit & L Tt %2{io7. KA/DavNN—%
&, A7 TDOA 7y MINT BT E N X220, Lobit MEMEEAZRAL TS
D, S/IHAF =, Lbbit A7 — U6 B, mikBid2bitd7 7 v a A/Dav =4t
VoIS RS TR S, ATV TICIETSA v 7= A MRIEEEET % pmos AHD 7 & —
VTy FARa—F7y72H0eTw5. £, ZEfERICLTw37, 3TV E—F
74 —=F Ny JEEETA Y T—=A N, ART Uy TZRZHAL T 5. FEERISER L
7EZFOHAMEIZ L 4mm X 0. 61lmm & 7o 7z,

SEXE : [1] =, "4 794 v A/D Bt oL & moldatc B 2 78", B THERYRAGE T2 ge R e 15
(2006) .

SRETHART 1 4 AADLE, 5 AARNE |/EHY—JL : Cadence # Virtuoso, Mentor #: Calibre, Cadence #: ASSURA, cNovy
A 1,000 D4 E, 10,0004 FMEF> :vw—2 CMOSO0.18um 2.5mm A F v 7 Fv 78Rl : TEG (Frikiilinli% 2 &)
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~
o

IREREIN e W It

AVFYTHOTIVITAYO

ERAXZRERIEREE D AT LHRER AR #E), SR B

BE > A7 A LSIick T3, @, REEIctEYy, B A XX 2 BEEEE~ D5

HOMEE > Twd. BETENMT2EIE A X%, Fv 7 ErsBlllzE %958

&, Ny PERESLR Y T4 v 774 YEOWE L Z T IEM RGO HEE L 72 2. 1B

REHMli % T Z % & 910 F v TWEBTHMEBD & OB % ATRE & 3 2 JUBE % 1T 5 [l % GET -

AERIT ol BF v FWE /A RBWETI2EHDA v N=2 L, ZDA v N—F DEJHE

xSy 7V v 732kd0 vy 7Yy ray 23ERkE, BEEZF VT 50

DY TV T~y FeollInsg. v 7V v rray VAR EY VT v TNy
Rz & b i IR 2 (R IC A U LSIAMEANE T2 2 L AlEE 2 .

S EXER : M. Takamiya, M. Mizuno, K. Nagata, “A 100-GSa/s Sampling Oscillo-

scope Macro for Checking Signal Integrity in LSI,” Technical report of IEICE, pp. 43—

48, May2002

SRETHAR - 6 AALLE, 7T AARM RSV —JL : Cadence %k Virtuoso, Cadence #: Dracula LVS, Cadence #: Dracula

DRC, FSYIZXZE 11,0008 F, 10,000 K% HEZ> :v—24 CMOSO0.18um 2.5mm M5 v 7° Fyv 7Rl : 7+u s
(PLL, A-D/DC-DC a v N—=2 Xk ¥)

BFEECMOS 7Ot R ZHWKBEERE L UA Y F v 7EROIE
RRAZEERMHAER  IRHE#E, EE TA S5 A8 X— #FEF
RRRERBEER Y AT LRGN HERR VY- BEE

HRAZIZRMRE TR

BE: (1) KEEhz2EECMOS 7ok 22 HWTZER L 2560, BEgElo =9
D EZBAT L E2HWE L, EllZMU T, v F v 7RFEMOMERERA - H15E
28 % AT 2 72 D DFH TEG % 80 fE L 7. &5 TEG ofEE I, MEs (n+32 1 8K
Fih, p+rZ LR EM) , PP ASH (1.L8V 7 P2 %,3.3VEI VP RY) I
DL TCHIREHliSHH K 2 L9 ZBE L TH 5. (2) AvF vy F7REREE (=R Fay -
%) OHNBEEZGIHT 2 720 DB ORI % IEL 7.

ERETHARD - 1 AHDLE, 2 AHRH 3&EtY —JL @ Cadence 4k Virtuoso, Synopsys #:
Star-HSPICE, Mentor %t Calibre, MY RZ% 1,000 DL E, 10,000 A3 HEZS
Y 1 m—2 CMOSO0. 18um 2. 5mmx5. 0mm ¥ v 7 Fv 7RI : TEG (RetkaHillik 24 &)

#iRI/ Oy VR ERERE SVCBEHREEF VT

RRERKZEERITHFTRR IRFEE #E, PR 2R, R EN, B BR
RRARFABEEBE Y AT LARSBERAR Y5 — aAEE

BE  ApfFciz 2ok EzEEL 2. (1) 7u vy 75REOMKIEEE e HiY
ELT, HRY vy 7RI TT RO IS B % AT % 720, JEIHRMEE, JLRIAN,
PRI T % N2 72 BB O WM % 17 9 72 0 DA% 3G L 7. JEHRMEK IS, i
BENZHET 2 2 EXAREE INDDS, =7y b & T 2 ILRAEE & D bREEE CH)
EEE 2 EHBBNIOYAPY TNAL v F v BRI SR TR0, Thie®ET 50
P LR ICHEE L 2. (2) BFEMICEES2EST 2BIMEEARIToVT, EIC
BRE2EEIETHBIIEL CBET 202 570170k y 2T L . /M
W CHET 2 2 L2 HINE L, Sbit DIMBE A 7 vy 2 Rit L. £77V v 77
Oy FICk RSN 2 E ) bHEEL .

SREHHEAR - 1 AHDIE, 2 AR %5V —IJL : Synopsys #: DesignCompiler, Synopsys #: Astro, Cadence #: Encounter,
Cadence #k: Virtuoso, Synopsys #l: Star-HSPICE, Mentor #: Calibre, KNS YJZX&#: 1,000 1, 10,000 ki HHESY :
o—2. CMOS0.18um 2.5mm v 77 Fyv7&ERl: v rn7ux vy




BEEZAW: /A XMEHEOFE L IBRFRFOIES D FIREL

Rt KEXERTEZHAER WO EH¥, =8 A, BN X6, 8RS8

BE R 7V — 7T, WERE F v TPICERILL, BN TRET Y 2 — LR
B & BRI AE R M LT, B0 RN g o IR IR L 7B A
R#&F vy Tl 2 Ko 2ED TW L, KTy 7RIETIE, HNOY 2 —
WARRDFEEREREIZ O W THEE B L L 72 NAICBIT 2 FEEHEBR 21T ) 1D Ry — v %2k
fEL 7z, BEEORIEA » =2 RIIBIEFIE T 2 7 D58 21TI1E 50 QIS T E R\,
BUERHEIC X D AW BIC O 72> Tl 5 RE0QITELS b KRG L. ¥, 136
D EMRALD 72 O DIHUENE A D87 — > HAFHL 72,

SRETHAR - 1 AHDLE, 2 AH AW 5&EHY —JL @ Cadence #f Virtuoso, Synopsys
Star-HSPICE, Cadence #f: Dracula LVS, Cadence #t: Dracula DRC, Cadence #: Ana-
log Artist, Mentor#: Calibre, ~Z>IZXF% 1000, 1,0004H HIEFY i v—
2 CMOS 0. 18um 2. 5mm v 7 Fv THERll : 2 Dfit

V7 by 7PERRMEREEN A Z ZTHE

EEZRBRPETRHIREFIER BEE SAH RECE

BE: V7 Y2 7EEH7 0 0 F 4 O VAR ORI R LAF v S L 7.
ARRMETIE, AN (<300um?) 2 oEMEEEN (K1mW) TEIfET 3 57— 2 Lo
BRAEBE L, V7 MY PRI B WL, BEMEIELEENRR O /NEME & Rk
BR& 2 BERE OB HRIRICE O BENHEERTT Y ERT I LRkO5ND. T
DHERZG 72T 72012, BRIKEADC 2 NHETLSICIDAAR T —F T 7 F v 2 H»
722RATADC % FE L7z, Tk b, B o/Nakik & EEEE b2 HBLL
7o, ¥7-, BRI ADC T4 358 DAC & AXADC 0J@3E DAC o yE A1z X
D, KiEZRERANRZ EB L 2. —7C, BE5HICKRE L 2 REEE 2 HBLT % %0,
A4 v F IART YT OEMERAL, MOBICEEINDEAXRT Y T OB % AR I
WicE aMRIc Lz, Zhuckh, HEBIDEEEEICFTE 727 —=FEY T4
—%FEHL, 77V 5= a iU T, IR L QHEERENREZ (LI LD TE L ADCEFEH L 72. BE, Fv 7 O5Hlli% ik

DTS, 171
SRETHARE - 1 AH DL E, 2 ARG 5PV —JL @ Cadence #: Virtuoso, Cadence #: Analog Artist, Mentor #t: Calibre, k3 =
VYR 1000 L, 1,000 HESY  m—2 CMOSO. 18um 2.5mm f v 7 Fv FHER : 7 F 7 R 3
=

9'_

v

2y FMIPS BV ILFHr 7070ty Y VA
RRIEAFTHE  SHHE i, &N =
RRIEAPBHRETYWRR B #HK 1
BZE : MIPS32 iy v P HIaO 2 VF A 7V 7T ak vy Y OilfEx{To7/. Zo7uky ﬁ
A

FEMma 72y F, 7a—F, LY¥RY 72y F, EfT, AEVIY—F, XEYIAF},
FA MR IDTAT =V THEINDG, ATV %ED DI T A 7NV E2ET 525
FHA DB LVOREGFOEADAFITAT IR IA IV EHET S, FrviaXE
VOREEZET, ABV T 7 RINFICHBELZ IR —Fox®Y LHETI. KFv
TN UWFIEE THFE L 72 Linux OB{E$ 2 MIPS > 25743 3 2L —% SimMips [1] %
R—RIZ, §HEa 7RO TEr 2T, BTS2 KRR L 72, ek
HHRARBIE DR Y v F—Fe V74 77 ) 2w, £, SEHOFER— F %%
L, CERETHBINAET TV r— a v Oz iR L 7.

SEH 0 (1] ket SimMips: % - 21 H % Linux 2581 < 5000/ 7O MIPS Y 257 Ay S aL—%, avEa—F T X7
Lo v EY T L (ComSys2008) FisCHE, pp. 143-150 (2008) .

SREHEAR - 1 AALLE, 2 AARM  ®|EHY—JL @ Cadence £ Verilog-XL, Synopsys 4k DesignCompiler, Synopsys 4k Astro,
Mentor %k Calibre, +~ZYIYZX&#:100,000 L HEF> i v—24 CMOSO0. 18um 2.5mm M5 v 7 Fy @Rl : w4/ n
VAR A




—
~N
N

IREREIN e W It

A==—aA770€yH0rHDA>F v TIL—5 DFEE
RRIFERZAERIGHRET IR EE Y, HZ K
BRESBPAFAFRETIZMAR L8 R

BE R, Jokyd  T—FF0Fvid, 10DF v T hICk SADa T ERERT S
AZ—a7DRRANEADPVODH L, A=—aTIcBVTE, Fv 7 hoa 7N
BEa7dictvFy IN—9PnlEtizs, KlfETlE, FvFy 7V —2ziGEIL,
Fv 7 RIIV—=2 06 LV—F3D4DZRHEL 7. AR E Y BOEGICE D, S
N=F0BLOL—V IDANR— &, V=2 3D oARZEREL, L—2 08I0
=2 167y b EANL, V=236 NTELEVIMKEL>TwE, FEMids
WHRPRERD A Y v =N V74 770 %2 AVT,

FRETHAR 1 0.5 AHBLE, 1 AHEM 8&EY—JL @ Cadence ft Verilog-XL, Sy-
nopsys 1 DesignCompiler, Synopsys fl: Astro, Cadence £l Virtuoso, Mentor % Ca-
libre, FSYIZX&Z%E 100,000 0 E &HEZ> : v—24 CMOSO. 18um 2.5mm M F v 7 Fy &Rl : ~f 7u 7ok vy

2y FMIPS E#VILFHr 7070ty Y

RRIZERZPARERIEHRET IR &2 K

RRIEKXKFTZE AT B, 7&K EN

BE : MIPS32 fivsrt v FHItw L F A 70 7T aky yOiMERfT>%. A7 vty
i, M7 zvF, 7a—F, LYRZY—=F, EfF, XYV —-F, XEYIA}, 7
A MR IDTRAF=P% b0, HFATFT—YR1IYA 2 VE2ET 20, FREGHDOAK
AT =PI I A7 NVEETSE, NHICEFry v a X T ) 3FEELT, XEYT77ER
FAMBICHE L2 1 K= XY LHEET -V ORRE2ITH. £, AF v 7I2LPFRE
THAE L 72 Linux OBfE$ 2 MIPS & 3 2 L—% SimMips [1] #2X—2Ic, #HE a7
BDORIHL > TERETT 2 & & CHFWIM O KIE 2 FAMFIC R L 7o, BEHTIE AR
ROARY v F—=Fen74 77 )i, £, EHOFER— FZH%*EL, CEHET
HEhNLT0 ST AOBEEMERL .

SEWR ¢ B, SimMips: 88 - #2806 1% Linux 238 < 5000 7O MIPS S 25 Ay Sal—%, Ay Ea—F L AT L >
v ARY 7 L (ComSys2008) FwsCEE, pp. 143-150 (2008) .

SRETHART 1 AHBLE, 2 A& 8&EHY—JL @ Cadence #f: Verilog-XL, Synopsys #t: DesignCompiler, Synopsys #: Astro,
Mentor fl: Calibre, ~Z>IZXFZ#:100,0000F HEZ> : v—2 CMOSO0.18um 2.5mm 5 v 7 Fv Si@hl: w1 /0
VAR A

EEEERIFI717 LAY EE (TC6)

LEXREF/FINAR - A ARERIZHFTER AlEeA, EOX, /LB
LEREXRERELHMERIZAER AHEE SHER TH=F

BEE : HENICB VT, B ORI Z HIE § % 72 0 OREEFHN & IFR Ry 72 M fEE
ZIT)ZERZBHRLAETAT LAY F2RIEL 2. ARMEICKRL S, WEEHIICOW»T—
HOBRME TEG s fEZ2 T\, HTOMMFFHRE L bicFy 72BmBNICENIEL T,
RINICEER I 2 i BERERIPH (0°C~70°C) , MlIEsEE (W © 8Hz~10Hz, b Ay
L) 1%, FEATRE & HIWT L 7. TEG 3AfFCHGE L 72 Bl ic, ST B EMZ v 78
PRE D 72 8 D [ElE 2 1N, WAL L M fE o 7 — % % SRAM ICE# L 7z k¢, 10MHz ®
v ) 72T 2kbps DY PIVEE21T) &9, EEZTo 7. EHEROBE 2 i
JRELT, TEGRIECTEBELIAYF v 7 af LV ETHEREHRL .

SZE @R © T. Ishikawa, Y. Masui, K. Johguchi, T. Yoshida and Y. Murakami, “A
wireless chip for intra-oral temperature measurement,” Proceedings of the 15th Workshop on Synthesis And System Inte-
gration of Mixed Information technologies (SASIMI2009) , pp. 477-481, (2009. 3)

SREHEAR 1 S AALLE, 4 AARM F|EHY—JL @ Cadence £ Verilog-XL, Synopsys 4k DesignCompiler, Synopsys 4k Astro,
Cadence #I: Virtuoso, SII#: SX9000, Synopsys#t Star-HSPICE, Mentor #: Calibre, K~SYIJZX4#:100,000 M H#ES
Y 1 u—2 CMOSO0.18um 2. 5mmx5.0mm 5 v 7 Fv 7Rl : 75 7R




1Gbps X4ch X EHR LANBEY a3 vy Fv 7

KERRERERERREMRER  FIE—H8

BEE . Fexld, ZEFEFLELTC BENRoMEZERLET TRG &, SI0LEE2
79700 TF—9%ZE, O ODBEEZ LA X =YgV LW ENEE
BMLAN S AT LA ZREL V5, BET— Y 2MARICZETE 2RMERMAL, ¥V
VI ESRBRELEMATE 5 1.25Gbps X4 v 2 L, BEHEHC Sy r—3,
I/O &N, ZOfULER - K¥in EOFERZFOEMEKE2 52, PP ATV A
R, NAWMIEZ WL L 72, £72, KEEFDOA 7y b 2BRETZLDICHEA 71y
¥y repl, EEMIZuA =2 %2BRETs7FIu s MYy 7 AREEE N L
7o, EEEEEE, LVDS  (low voltage differential signaling) ¥ 7:13 CML (current
mode logic) THIT 2. AvF v 7 TA/DarN=yZEWL, WigEZ5%27C 70T
AT I ENTE S, WEEERL 2Ty 7ONTZ2EIEL 72,

SHHARE : 0.1 AHBIE, 0.5 AHAKNE 585tV —JL @ Cadence ¥k Virtuoso, k5> X##: 10,000 BLE, 100,000 Ad  HeE
Y 1u—2A4CMOSO0. 18um 7.5mx10mm ¥ v 7 Fv 7R 1 4 XA =L ¥/ 22— eV

Ji Ry
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FH20EEE6E D —L CMOS 0.18um
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A Hamming Distance Associative Processor Employing Time-
Domain Techniques

RRARZEXERHBEGAIRRIZHRE Bui Trong Tu

RRAREREZERTZRMARE  KHIE

BEEE - Traditional CAM usually performs an exact-match operation between the input data and stored data. If no exact-match is found, then a no-
match flag is asserted. But many advanced applications have required the defection of not only exact-maich data but also nearest-match data. In these ap-
plications, the constraint of searching for an exact-maich is relaxed to find the nearest match when there is no exact match. In order to realize this func-
tion, some advanced architectures have heen developed based on the CAM technology for the minimum/nearest Hamming-distance search. Moreover, in
some applications we want to search for not only the nearest-match but also an r-th nearest-match between the input data and template data. In these
cases we need functions lke in rank-order filters or rank-order searching circuits. In this regard, we have developed an r-th nearest-match Hamming dis-
fance associative processor using a time-domain technique. Namely, the processor uses digital circuitries for bit comparisons and delay-time technique to
identify the winner, In the system, Hamming distance is represented as a delay-time signal in time domain. A step signal s delayed by dT when search
data it and stored data bit, i.e. template bit, are not identical. As a result, the Hamming distance is proportional to the delay time. A rank-order searching circuit developed in a previous work is utilized here to search for
the r-th nearest distance based on these delay times. The delay time dT is programmable so as to guarantee the correct operation of the searching circuit. The proof-of-concept chip was designed and fabricated using a 0. 18-
um [P3M CMOS technology. The proposed Hamming distance associative processor consisting of 64-bit 32-words for the purpose of demonstration occupies a core area of 0.63mm + (.44 mm. The cell size is 7.84 um + 12.4
um, The mechanism is preserved for extended cases where a larger number of template words are required. Due to the simple architecture of the rank-order-searching circuit, the system can be extended so that a “top-K’
of nearest match results can be searched for in parallel. Operation of the system has been verified by simulation results.

EXETHARD - 3 AHDLE, 4 AH KNG E&EHY—IL @ Cadence #t Virtuoso, Mentor 4k Calibre, M5 X 4% : 10,000 B4 I,
100, 000 &iif HEZ> 1 m—24 CMOSO0. 18um 2. 5mm v 7 Fyv 7Rl : 7 v/ /7P I NMEBUH 7€ v i

=AREHMIFFY—=—I92TIVTT1ILY

BREXRZSERTZHRR BAE ER, B 5EE, KX E

BREBEAFEIRE Wil RE

BEEE @ iR, MIRLAN, GPS % L OMEE Y A T ADERLIN T 28, BEOMRETIRMA L 7\ IEERE Y 2
TAERON=FY 27 BRETH S, B, A= R x 7R BETICY 7 by 2 TRERT 5 2 TR B IRERY AT A
KHIETES 1Y 7 b9« 78 SHERRTTwE, V7 by TR, NP7 2BHT52E4C, Tu)d
LRBHT S LIk VIR L L CORIERETL, O L oIS CHEOBDER Y AT AICHIGT 5 2 LA TTRE L ¢ 50
BHThD. 20N FE- FOMBER BT 21010V FE-FD 74 VI BB 5, 2NEERT 27007 4V
FELTF Y=Y Fv TV v IBhs. KECRIOF v =V %V TV v JOREERERT 210 EAN LR F v =V% v TV v
7 ENE AR CEANT 21T F =V v TV v T RMELE. B, AvRRAa-TRERHOTHETTH 2.
SEHEL : [1] A. Mirzaei, A. A. Abidi, etal., "A Second-Order Anti-aliasing Prefil-
ter for an SDR Receiver", IEEE Custom Integrate Circuits Conference, 2005, pp. 629-
632

SRETHARD : 1 AHBLLE, 2 AH KN 58EHY—JL @ Cadence # Virtuoso, Cadence #: Dracula LVS, Cadence #: Dracula DRC,
Mentor #t: Calibre, ~ ~ZYJ 5% : 10080 E, 1,000 4450 #HEF Y w—2s CMOSO.18um 2.5mm A+ v 7 Fv 75l @ 7
F+u 2 (PLL, A-D/DC-DC a v N—=%72 )

CMOS FINA ADI x/\[E, D x/\A, Y1 RIEXSDEHITATEG HAF
EERFXRZRERYERZHER EREX MR
LEBREF/TINAR - N1 AREREMEAR  £O K,
NV NVR DT,
INHEE
BEE @ LEHMHMTEROESIC LY, F7vYrsoniltaiEs, EFREEOMUL, BREIKOhTES, Lbl,
702 2ADWILANES o T, BERIEORE S EPEEI R TR, 022 IMLT 20D FEIBEL o
T, 2ITRMETE, %5y 7ETORL2E0FBORNTZT) 10, BEMOSORS O EZ0FELHTEG, 7=
NAETARIES D EDRHERTTIBOTEG, FEEL AV TOES2EDYELARLTEG R SHERL 72, 1, Wfkics
W, AL RO TEG G 272 T b h, TanHIZo 2 E0FEL RN cE2 LHfFENs, noofRED,
FURVTORSOETH, K60E 288 L LIBRE 0212 2 Lalifkans,
SRETHAR 1 AHDLE, 2 AARN SREHY—IJL @ Cadence #: Virtuoso, Synopsys #k:
Star-HSPICE, Mentor #t Calibre, Synopsys %t Star-RCXT, Silvaco #: SmartSPICE, kS IYX%# 1,000, 10,0004
i BMEZY i m—24 CMOSO0. 18um 2.5mm 5 v 7 Fv 7Rl : TEG (Rri:RTAmR %7 &)




ALU K{E

BRARFREETIFEMER &K 71, B fA, Xi§ ER

BE MR E TSN 7 uk Yy ¥ D ASIC{LZX 2 XL VDEC O F v 7RIS,
VDECOD CAD v AT LZHEAT20DT A M ROF v 7ORGFTREZERI EZHANE
L Cfiis7% ALU Rl 2R E L 2. 20 ALU GEARGRIHECIME, v by 7 by
16 D2 F5o. gl Verilog-HDL CRiib L, &G - #EEY — L & L T Design_Com-
piler, Astro, Verilog-XL, Star-HSPICE, Calibre Zffifi L 7z. £7: VDECIc T#fitE
T3 CADBE &R SHARPRESEZ Ik, ZNSDBDLITTHOELTP S0
REDPLDAY — b THSLD, MEPLATI T =Y ORBEFTCIEDFLIENTE
7. ZOE%EMED CVDEC OBREDH R ICEHT 2XHETT. 58 F v 7OEHET A b
ZLIBICRGTH S 70ty YOERET I FE.

ERETHART 1 0.1 AHDLE, 0.5 AHAKNM 8&EY—IL @ Cadence #k Verilog-XL, Sy-
nopsys £k DesignCompiler, Synopsystk Astro, Synopsys fk: Star-HSPICE, Mentor #: Calibre, ~;Z>IZX5% 1,000
F, 10,000 45 HMESY i w—24 CMOSO0. 18um 2.5mm A F v 7 Fv 7RI : MFinlE GREL, BREge)

AVFYT s ARLZIAL 2549 TEGHE

PRAFRFFRETFHER IREY E

Ao IR T 28R FiE KIE, R RkiE

BE [ GE, 702 R0y, F v 7REOFHLZ K 2 72 O ICELE O Wi
TR NERET ALEBELTVS. L2L, TOYI—RXINVICLBEL VT 75D

QEDETBBERINTED, FI—RAIABA VT2 ZICRIFTHELZYS pIc T 205

Whole. FI—RINNA VT 7 ZICRIFTHEL LT, I TEIRE & REERNARED

Bz k24 v 72 0Qfis L OV HOHRMEBMDE T BEZ6NSE. 22T, ¥4 XD

B2 =R NVNEE L7288 — v, BEFOY I — X ZNVEILFRE RO R4 7

NA VT I EEBEL, A V¥ 7 7DQER Z DMBETDHEEIT, 73— X 7234

VT ZIZRIT TR L TR R T o 2.

SXETHAR 1 1 AHDLE, 2 AHRM 5851V —JL : Cadence #: Virtuoso, Mentor 4k Cali-

bre, FIVIRFE: 10K HEFY : v—2 CMOSO0.18um 2.5mm A F v 7 Fv 7R : TEG (ReM:EHfhalEE 72 &)

AvIKL—97LA

REARFIZFRMARER ER R, A A, SF S

BEEE : AWf%2%<l, PET (Positron Emission Tomography) % MSGC (Micro Strip
, Gas Chamber) 7 EDH v <, FlET 74 & Db I~olilZH I E LT, K
FHRA D50 ASIC DRAF % T> T 3. 2 TSROSO ASIC £ ik 2
L, HLWEHITRTH % TOT (Time Over Threshold) 77 (PWM Pulse Width
Modulation 53) OESLHEFEOER ZHIVE L CRIEO—HTH 2, 2L —FD
TLAFy 7OTEG 2R L%, TOT HRZ M5 2 L THREEZ SOV RIRICERT 3
ETEDMBBADD L, BEREL T 20ED S v PV AT L2 Mgl L k3.
AR T SRR DB BRI L > THER IV AR -2V PR, 2 F ¥ 2 NLTD
VRN =T LA EERL TV 5.

FRETEAR 0.5 AHBLE, 1 AHEM 8&§HY—JL @ Cadence fk Verilog-XL, Sy-
nopsys t: DesignCompiler, Synopsys fk: Astro, Synopsys fk: Star-HSPICE, Mentor #k: Calibre, ~;Z>I %% : 1000 L,
1,000 &b HEF > : m—2 CMOSO0. 18um 2. 5mmx5. 0mm F v 7 F v FH#ERI : TEG (RptkEHiimRg 72 &)
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EL LR R R R R R R )
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WL icE I foEB X T U EHEF v 7
LEREXREREHIERIZATRR SR, FUT) YT, R EE
LEXRZEF/TFTINA R « N1 ARERIFHREFT NG EL,

NIV AINVR DTV
IN=p N JI1XE BR L
BE: b 0FOMBA2EUTZILI A7 7V —> a3y (HERRHE - Eimsfizs) ice-
T, BT — Y 2 MR T OB TV B REHELT T THD., ZDL) LEEXE
) &R - NIRRT EB N SR T e S - T LVHEMA ) TERT 20
12, 0.35umCMOS 77 /a2 5 0.18um 57 / a P79 28, MOSH A XD R
=0V 7 E{TH LT, EHl - AR - KB E I EE X T Y OEIERGEEZE T o T
5. ZOFMEF v 713 266-bit, 64fTD NS v iR F», #EEX TV EZHWEICHTY 7
Vr—2avyThs LTFRBPEHVETH S, >3 aL—a i k)RR 80
nsBAF, 7Fa ool EE 30 mW LT, Hiffidl.4mm2 & 0.35um 52 / a ik L T 2BoemdEl, 1/56 0nEE
Jitizoi,
SRETHARD - 1 AA ML E, 2 AR 5|jEY—JL : Cadence #: Virtuoso, Synopsys #: Star-HSPICE, Mentor #t: Calibre, Sil-
vaco tt SmartSPICE, Synopsys # Star-RCXT, Synopsys #: Hercules, KIS YJX&#:100,0000 F HESY in—»4
CMOS 0. 18um 2.5mm f4 5 v 7° F v 7@l : X €Y

Y

BAEFRRODBREZE S5 &I BEREHEDIRE _
RERFIFE R =, B8R ¥ AR, B i, UL 8x, mEl ke,
¥ e
BE 7)) > ER EOETRD BAEBEDORIZA L ARIC K 2 RIS 2T
WELT, ICHDANRENERZZEE L, AJTIRENEROEFRMIEIC X 2 BEHE %2179
MRS R 2 K L 7. fER D ATERGER IS & MBS S LRGN A I PRFE R o ik
2T 5012, FANE TR T 256 0 DCRHEIE K, 1280 AT %
% WiHEHE L CHEE T 2 RIS % 4 AJTIRERIES 10 U TG L 7. £ 7, IR o ks
HICH 2 2WEREDLDI, FIV ATy aryy — FRELKEE LA L 7k
WAL BE 1A B & B DA A 72, T v TTRESC OB R IEHT O 7= D12, fhT v 7O
ATELTNY V) A% v LIk BH1E V2 BE AJTAINEEE % 35T L 7. BEF v
7 &) RERGACA DR O DC R, AR Z & R EHli 2 TV 5B Ol R
2T TETH 5.
ERETHARE : 2 AHBIE, SAHANM &5V —JL : Cadence #f: Verilog-XL, Synopsys #t: DesignCompiler, Synopsys #: Astro,
Cadence fl: Virtuoso, Synopsys f: Star-HSPICE, Cadence # Dracula LVS, Cadence fi: Dracula DRC, Cadence fk Diva,
Mentor #: Calibre, Mentor #: CalibrexRC, ~Z>IJZ2&# 1,000 2L F, 10,000 Kiii #HMEZ> @ v—2 CMOS 0. 18um
2.ommfF v 7 Fy7ER TEG (FRksvillEgz &)

HHRY NOBERBER O EZA -7V BERE DD TEG HIE
BERZITEE R ¥, B2, AR, B thic, JMUE #x, [ gz,
¥ e
BE  E£RERETHRET 2 74— 7 Vil oW T, BifMESRIEE R v b BRI
2RO A OB BHERORIEEIE I 5 2 2 B2 BT 2 7.0 Dl 2z sl L 7. 3UEF v
72iE, HEREE E L CTISCAS8Y Ry F = — 7 A s208c & L M s420c iz 2z Nz iz e 7
F— 7 EERFAL g2 Ao Th K, IEFREg E L CiRiEZ AL v 2 Bk E
MDIARZ, F7-BHERARD S OWE LA T 2L LT, WifMES IR LTy 4 v
— V% 72 9 ER/INBCRR BB C A 3 2 RO 2 3G L, BRI R 2 B L S ¥ - SRtk =
MDIAATL. BEF v 7 OIEF K & BRI I L TREH Y —v 2 AL, IR
DT ERERAE & SRR O I ERERME & i T 5 Z & TR 21T, £, BEREEM
ROBEVIC L ZWHMESHRANOWERE LTI PETH 5.
SREHHAR 2 AALLE, 3 AARM 2|EHY—JL @ Cadence ft: Verilog-XL, Synopsys 4k DesignCompiler, Synopsys #k: Astro,
Cadence fl: Virtuoso, Synopsys £l Star-HSPICE, Cadence #: Dracula LVS, Cadence fk: Dracula DRC, Cadence #k Diva,
Mentor #: Calibre, Mentor #t: CalibrexRC, ~Z VIR F% 110,000 M E, 100,000 A% #MHEZ> 1 v—24 CMOSO0. 18um
2.5mmfyFy 7 Fv 7@ TEG (ReMhatHlilnl# e &)




DC-DC > /X\—#% il LS| DR F

BLRTRZFRFREIZMER il EE, 2H8GEA SH R

BE : DC-DC a2 v N—2 /N - g Ml - ERhEh &2 HBT 5 o, LEtlilias
HHET, WD & 2 HIHIEEE BRI L 72 5. BIFRETIE, #K2 6 1.2umCMOS 7'u
£ 2 TDC-DC a v \—2 Ol LSI O 217> T E 7. S BOETlE, BARNZ R
7avy 7%z, LYl 0. 18 umCMOS £iffiz HWTHBIT2 Z L 2HINE L. EAT
Y > ZHIEHT A O g Ry, SR IRGE, BEEEFEERE, ¥ 7 b A& — Mg, AND [FH
BaEBF L. V7 b RAZ—FEIEKIZ, DC-DC a v N— ¥ ig@igic, HEEZ®-L D
VHEFC VUX U IBRET 0. 5%, 200 LSI 2 AL 0¥ T, EANE
DC-DC a v N\—% OiHli #1795 TETH 5.

SRETHAR - 1 AHDLE, 2 AHKM %5V —JL 1 Cadence ff: Virtuoso, Cadence #t: Dra-
cula LVS, Cadence f Dracula DRC, Cadence #: Analog Artist, Mentor # Cali-
bre, KZYYRZEH:100LE, 1,0004 HEF> :n—24 CMOSO. 18um 2.5mm f1Fv 7 Fv 7@l : 75 v~ (PLL,
A-D/DC-DC av =% ¥)

RFID AH® IC 7 7 D E
RRIFEAFEIZMAN BHGEE SARE, ERER ZOFLRALT7Y,
& &
BEE  SEL 2 IC & 73R E AP L LT3I6MHz 2 v, #Efi)s L L-GEAI N
%. Z OEEHE ImBEZEL CT» 5. ICY 7IE Ay o 7RITH Y, ICY 7z 5iET
Z@Eﬁ? 13205 L 72 BHeh 5 AT 2 W T H 5. ESIERR LRI X D SmaFREIc B 1
HIVRIEDHIR S 0 2 720, HHRD SR E S NIE R 2T 57217 TRIIC Y 7 DH)
f’F CHanENERLLPREETH S, ZOLDEMELIC Y 7Tk, REEN 2 HEH
L IR IS A AE 01 2 BRE§ 2 97 7 2 SRRl 2 5 L T 2. AGAPETid 2 O IRl O
BEERZ B2 HWE L. SMEL 2 IC ¥ 713, i MHEEEIEK) ofl, ZEHEk2» 5N
Hoay 22825 ray JHEK, Iﬁa)waﬁﬁﬁ’i’%h?é DEAEEIEE, o 3D
WE7ay 75 6k5. FEBRICK 2EFMZRICE D, RELERNKIZEE N2 ERL
RAEHEEEOEIF & U CHIRNICEIET 5 2 <‘:i)>ﬁﬁmuéﬂht R HR O W E BRI SUA I 2 &4, Z 0T CAMICILERE

Wt B R RETH o 7. 177
SRETEAR : 2 AHBLE, 3 AAKNM 5%EHY—JL @ Cadence # Verilog-XL, Synopsys #t: Astro, Cadence #t Virtuoso, Sy-
nopsys #l: Star-HSPICE, Mentor #: Calibre, Mentor #}: CalibrexRC, K~SYIZ&# 1000 L, 1,000 K HESY :o— %
2 CMOS 0. 18um 2.5mm f4F v 77 Fv 7&Hl : 7w (PLL, A-D/DC-DC a2 v =% L) =
F
. . V4
IVHTH/ 7y N ESEREEERHEF + UKy TEE— | | _ .
EEREE - NPRMEEVE & HEY ‘ ; ; i
SRAXZAYREREEY A7 LHRN = 7, FLEEK 1
BT U, 2 YRy b — 20 ) — FERE EO k5 ABIBERIOEED ¥ K ’ﬁﬁm i
A

TFru gL T VO LS 1 OFRGFHERO—> & LT, 47 1VHEBOBKERE
2F /7y F OBEE TOBEMEIHEEL k> TETw5. 2 ﬁx%i’ﬂfﬁ‘%F i’i{fﬁ’%ﬁ
[\ I D TE, ERENEK O 7 v FREEFIGEYIIC N, 7 A2 MZ % 7012, @IKE
FE - BUETEJ CfFE LS ABIRE ICIRE L v (FI3FRED) %@E@ﬁﬁl i%@
BHEIEBI L SN, KF v 7%, BIREELHREITKRTE L 2 WEHER T (3 HEE
BT 5, Fric, BIREES 1V LT OEENHEICE W THEE L BRI iEEFIEH
NuEBLZEDTES. £, Fr—Y RV 7HETIE, b7y PRYICROTHE (BiFE
D245 E) RS AF v 71, BHR7 o2 2208 E Ligw{€a 2+ OEMERRE A

F o PRV 7R ENT 5.

SXETHARS : 5 AHDLLE, 6 ABA&NS 585w —JL 1 Cadence %k Virtuoso, Synopsys #l: Star-HSPICE, Mentor #: Calibre, k>
VIZZE 100 E, 100%6 HEZY i v—24 CMOSO0.18um 2.5mm f&5 v 7 Fyv 7&Hl: 7w/ (PLL, A-D/DC-DC =
YN=HRE)
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ERESE IV IELCRBEIMD - DEERE (B4)

ERERIRFETFE B #hy, LO B

BE | ARECTIIES DS CERMEBISICEET 245522 vy v /T 570 DF
R, BLORA-BRICHL TP —F 77 7 22 DS HMESZHNTZ LD T
= 2 FIEAINHIBEIRIEE 2 16 F v > 2OUEEE L 72 chip 236G L 72, iRl ORE & D& M1
FIEEMIEZIT) 7ay 7180V, 2F0MIEE%E 20dB 7 5 80dB £ &L ¥ % 2
EMTED., FTNANRRATI4 NI 2EGEH I LIk > TCMOSHEIRSESICK A 7%y /7
A XL, A7y P2MIBLTLE) 2 EICX > TBREROMIESD AJIHFED S 44
TLEHI)ZERYICHENE B> TS, FRFBAMHMERICE TR LY T—F 777
F DBEREINT B 701, BERE7 2 — X LN 7 = — XDt 72y b F v v
L7 2= RAEEVBIESROA 7y b ) A XX )y I TEBRLIKEILL. &5
WZEEOHEBEOMAMED 7= DI T2 X ¥ 3> ¥ % MIM ¥ 3> ¥ 5 MOS ¥ v o8
FITEH L Tz,

SRETHARD : 4 AAMLE, 5 AFAKN 5&EHY—JL : Cadence # Virtuoso, Mentor #: Calibre, +SYY 2% 11,0008k,
10,0004 S : v —2 CMOS 0. 18pm 2.5mm f4F » 7 Fv 7H&% : 7912 (PLL, A-D/DC-DC 2> =% % ¥)

AR AR NARARERRRAAARRR R R

a

#RESEYIVIIVATLAFYT (W2)

BEZDARETISZH LO St

BE  DEEEZ 7o 70 TR o A0 E 54l bE (W1) | o= av 7y 7
ELCETRIT272F v 7 CH 5. HiENCHERTHEL R ELTE, [ 2DT 4 P LA
T 6, 16ch OB EERTE S LY I LzfbT, BB RTEEDY 4 2 v 7, X
DWHEERTEL X IR o>T0E., Fh, Fy THNICKRELTAY TV Xy ¥
EEHRTZIEE, A—FY IR E2HWEZ LIk, TPy VEEETHRELL /4
AREIL, &) EEREEEZ AR TELNEEE R > T, fRETE2Ery> v /T3
FIHEHLTED, Vo Fy 77 THEME~ORBEN L E50yv 7) v 72725 2 UREARERERERERE R LR E LS
L HWAET SR MUX ZHGTE L5 2 LICk ) DROAINTY A7 2%k T (SR

52 EERHABELTYS. _ -
SRETHAM - S AHDILE, 4 AHKNE  5REHY—IL : Cadence #: Virtuoso, Mentor #f Cali-
bre, KZYIZ5% 10,000 L4, 100,000 A% HEZ> @ v—24 CMOSO0. 18um 2.5mm M+ v 7 Fv 7f@ERl : 75 7YR
W

A A=V EFXREEEZATEG

ELEMESFEMNERERIER  FHE, HiH &L, SH R

BE : AF v 7iE, BROVEETHOTOREF v 7 ThH 5. HiHd, SIRKEHH
REDTIHRED D EERTFERD 2 ADOZAEDT o 7. BIERIEEIZ, 16X16 DIEARM 24
A=V (Y7 PLYRIED LML) LAXADNEIRIA X = ¥ TH 5.
TP LPAZMLDIGXI6A X =Py HTIE, 16 EVOIFRINATE 16 BV D5
HhliFxE b5, RREFAROEARBEMR LIS OZOEEVOMREZHNE LT
5., V7 FLIRIBFYDDIEXI6A XA =L HTlE, 7 b LAY DOIHAREEHR %
HiE LTwa, £, AX4DOMNBEWA 2 -3 T, Vey MEFOERICK
2 SR BRI O BIEER 2 HIW E LT 5, REMEZR IR L LT, IR I35
FAOBIE T LDA A =L v b2 HIET.

SRETHART - 1 AALLE, 2 AHASM  8&EHY—JL @ Cadence ft: Virtuoso, Cadence #t: Dra-
cula LVS, Cadence % Dracula DRC, Mentor %t Calibre, NS> ZX&5% 01,0000k, 10,000 A& FHIEZFY @ v—24 CMOS
0.18um2.5mm A v 7 Fv 7Rl : TEG (Rl 7 £)




YDBEZBCMOSERIL7Z /71 7#R70O—7

RIERFRERITEMAFIR WO E¥, BN =M, 8K &H

BEE [ afE, BTREROFRICEY, AEERICHIC X % EMCHEDEELL Tvw5, 2
DOXFE LTE, LSIOEFRAREZREL, /A4 RARCEBRELRET 208855, 2
ZCHA OWMRETIEEMN - SO L~ A 7 a7 e — 7o E T
Tw3, KRMETE, Fy 7 Ricat VoV BEz A4 v T, Fv 7 LICEREAS 7 v
7, BBy NIy PNy 7 7 3G L. HEEL T A REIE, FIfH 15 dB BLE,
Ay bA 7B GHz M ETh b, BAMHHE LT3 2Daf VERF L. i,
a7 L —F R OGRRE R IEEICHIET 5720, KRIEHLVA 77 b &EGHL 7.
ERETHART - 2 A DIE, 3 AHRM SREHY—IJL @ Cadence % Virtuoso, Synopsys
Star-HSPICE, Cadence #f: Dracula LVS, Cadence #t: Dracula DRC, Cadence #: Ana-
log Artist, Mentor #: Calibre, +~Z>YY 7% : 10080, 1,000k HEZY :o—
2 CMOS 0. 18um 2. 5mm v 7 Fv THERll : 2 Dfit

SSO /1 XAETEG

B ITERAERIEY IR 82

BE: 7Ty 77 T4 W D—2E L TSSO/ A X (FAKI/O W1/ 4 X) B3
BERoTw . BEDOIMII/O RIFICREZ L2 5 EEFY 27 4 (LSINH2 7+1/
OV v 748y r — +PCBEM) NOLBEHBS—EDET2FHLL, BRETD Y v
FRl1/0, AJI1/O, HErY vy 21t LT v ¥ REEDORIEER EDFHFE L  Rwil
ENHR G SR T, KTEGIZSSO / A A2 MET 2720, HH1/O DFKER A v F v
JE G %R R E L. TEGD 1l 5 i) HE 2R AR 32AT/0 IR LT, B
I/0 (VDD, VDE, VSS) oBtiE, H711/0 OB ARKED T X — 8 %R Y 471F,
SSO / A RiTiE> » 35WAERIC L7z, PO &I SKEIRE 11 38 7% 2 /e K 20 A Aggres-
sor (HA71/0) ZBIEL, WO hILZ 1 AD Victim (AS1/0) 23T, Victim OEIE
EEMETE 2R E L o7, 20094E2 HEKD TEG g, 3 HICHlERRE, BIRREZ
BYEL, AR SSO / 4 A0 ¥4 & Victim D2 (BMHz O AHTEEK) D2 82 R L 72, S%IEEM 7)) o bR & e 7
v 7oLz EEL, 20MHz BEDSMETSSO / A AOWMEZITHI TETH 5.

SRETHAM 2 AHLLE, 3 AHARM REPWY—JIL : Synopsys # DesignCompiler, Cadence #: Encounter, Cadence %k Vir-
tuoso, Mentor#k: Calibre, ~Z>IJX%%:1,00034E, 10,0004 HEF> : v—24 CMOSO. 18um 2.5mm fFv 7 Fw
ZHERl : TEG (Rri:RTAmR % 2 &)

EEEERIFI717 LAY EE (TCT)

LEXREF/FINAR - A ARERIZHFTER ANIEsh, EO¥, HE#®Z
LERFRERERMERZHER AHEE SHER TH=F

BEE : HENICB VT, B ORI Z HIE § % 72 0 OREEFHN & IFR Ry 72 M fEE
2T ZEEREBLEZIA TV Ay 2BMNEYEL 7. Y 3 &AM T iR SR %
A7 EBED 7O ORIEEE A L, MEHEZ B8 Il, 7 a— ARG % 5K
1[E[fTVvy, 77— % % 10bitADC TZ&H L 7214, 120kbitSRAM 5% 5. EREiI N T —%
1%, IOMHz % » ) 72\, —fFL T19.2kbps > Y 7IVEBEZITH & 9, EEEE2{T-
7o F v THRHIR & HEORGUEEZ MR L ¢, EFOMMETHERL ZEEHA v F v 72
ANETEREL . ERO-OSBEELETI 620y F40F vy 7ORMEL L .
SEXH © T. Ishikawa, Y. Masui, K. Johguchi, T. Yoshida and Y. Murakami, “A
wireless chip for intra-oral temperature measurement,” Proceedings of the 15th
Workshop on Synthesis And System Integration of Mixed Information technologies (SASIMI2009) , pp. 477-481, (2009. 3)
SRETHARE : S AHBILE, 4 AHAGM  B&EHY—JL @ Cadence #f: Verilog-XL, Synopsys #t: DesignCompiler, Synopsys #: Astro,
Cadence #t: Virtuoso, SITfk SX9000, Synopsys f: Star-HSPICE, Mentor ft: Calibre, MY ZE 100,000 0 HES
v im—A. CMOSO0.18um2.5mm 5 v 7 Fv FHER @ 75 7 VEE




—
[04]
o

ISR N e S i

EEAEERIFI717 LAY EE (TCT)

LERZESF /TINA R - N1 ARERIERFRT AlEeA, EOX, /L@
LEREXRERERVERNEMER AHEE THR TXNF

BE  OENICE VT, BP0 ZME S 2 7 OMREFHI & JER BN 22 A fE
ZITH)ZEZHBLETA T LAy 2B MEAEL 7. IR v 3 LA T ORERER %
MO BRED 7O ORI E A L, MMEHEZ B8 El, 7 a— ARG % 55K
1EfTv, 7—4% % 10bitADC T£HL L 7%, 120kbitSRAM 125k 3 5. EEI N7 —%
1%, IOMHz % » ) 72\, —f5L T19.2kbps D> Y 7PIVEBEZITH & 9, EEE2{T-
7o F v THRHIR & HEORGUEZ MR L ¢, EFOMMETHERL ZEEHA v F v 72
ANETEREL . ERO-OSBEELETI 620y F40F v 7ORMEL L .
SEXHR : T. Ishikawa, Y. Masui, K. Johguchi, T. Yoshida and Y. Murakami, “A
wireless chip for intra-oral temperature measurement,” Proceedings of the 15th
Workshop on Synthesis And System Integration of Mixed Information technologies (SASIMI2009) , pp. 477-481, (2009. 3)
ERETHEARD : S AHDIE, 4 AHKNE 2|EPY—IJL @ Cadence #: Verilog-XL, Synopsys #: DesignCompiler, Synopsys #k: Astro,
Cadence #t Virtuoso, SIT#k SX9000, Synopsys f: Star-HSPICE, Mentor ft: Calibre, NSRS E 100,0000 E HES
Y iu—24CMOSO0.18um2.5mm AT v 7 Fv 7Rl © 74 7 P H#

|




FH204£ESE7EO—L CMOS 0.18um
(RO18087)

Elllbl

13

BRREEGMVERMEREREZOEY Y

RAERFREBERIMTHERARE Y 5 — BEAREA, KR B3k

RIEXFIZH FERE

BREE @ GREIUE LI, BROKREEARD s —ToRRRIEG BT 2HRIHD JLThe. BREEIARf Lo, THEL) bllbvy 7E 0y
AWTHEOVY AN =Y 2 Vi BEHH S, WRRERR L, AR M CRRERS 2 Licdh, EMRETAZ 1104 7L hoklthosL
EHCERTLAYRALTHA, AT nky R0 ey bO127-F SRAM 22 BE(L, 20700 SRAM k- BMP iz AMIL, FEHEoMETnERR AT,
IMHe CEEL 158, A7 mdey #12512612 € 7 0 b 0RO BRREE Gmsec (16fps) TROAZEMTED, F-ARKRUEy MEBMIAHEBLERL
RN MR REIC I L CO00B b v B RERE R L -,

2@k : Naoto Miyamoto, Koji Kotani, Tadahiro Ohmi, "A 3.7x3. 7mm”"2 310. 9ImW
105. 2Zmsec 512x512-Pixel Phase-Only Correlation Processor, " Journal of Robotics
and Mechatronics, Vol. 17, No.4, pp.395-400, August, 2005

SREHHART : 2 AL, 3 AR 85V —JL @ Cadence #: Verilog-XL, Synopsys %k
DesignCompiler, Synopsysfk Astro, Cadence %k Virtuoso, Mentor £k Calibre, ~;Z>YIZX%%0:100,0000 F HEZ> :
v —24 CMOSO0. 18um 5.0mm f 5 v 7 Fyv 78R : 7w/ /7Y VETUH T v & v i

A9V 9EECM 7RI MefIALRNA AR HRREZEERE

i
4

FEARNNRNAGGERENEREENSE] O

ver. 2
LEERFERERERVENFMER RBA% sHB . ShE ol n ‘
LEXRZEF/FINA R - A ARSRISHER SHRSE - '1""i1'1‘

BE © SRTERBBEBERIC BT, 2814 T4 v 77 YR OBREEAZ e EaE FEsER S hTo " "'. "". "". '0 y
5 [1] . ARETIE, A4 AT IR L — b CEEEE DO W FIEREZEREE A EL . KilE e
BEHLDLOI, FZENEKEZ A L TERO T -y MZENKOE % 1207 0y 7 MZERECHET
5. ¥7, ZEMEEEHERKICT S 2 LTS EOWERRD, ¥ZE0I4 v SERETII LT/
AN=7 74 AWM ORE T 7. EZERBEH 4 2 330um X 390um, 4 %7 % %4 Z 300um X 300um, i

Fomi  peomi e pmeen

ERREREE 200um, %M 50Mbps, HEHES5x5ch (W7 vy 7 AEZERE Ich) Tk L7, 2.36uW/ 81010101601

ChSOMHz OS2 (L2 R L 72 b '

ZSEXHE . [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- 181

351, (2005) C3]

SRETHARE - 1 AAMLE, 2 AR 5®EY—JL @ Cadence £k Virtuoso, Mentor £k Calibre, Mentor #: CalibrexRC, Ca- 3

dence tk: spectre, Agilentth ADS, ~ZYYX&#: 1,000 1=, 10,000 £ BHEZ> @ v—2a CMOSO. 18um 2. 5mm A5 v =

7 Fy7ER EfE (RFREIE, ATM7ZAL) F
‘7y’

ALY FRF v IROIDRA v F 7 ARBREE Rt =

AMNKEY AT LEERER  BAED, NS BH, B 2 1E

AMASZTSES &% =8 BB BN i
A

BE  2ROAETR, BROBEDT, Bh24, FRE2ANRZAZNR OREEZHAEL 2. —2HD,
BOST (Built-Out Self-Test) 12/ 3 BRIEERFOL 0D, 24 v F + ¥ v Ay DAL v F v 7 RS
BIEMETH 2. ZomEK, ZERIENEE VCO Z M7 4=y ZEEIC &) AEREREL, h7 v
SR & 2500, PLLCOHN%T9 b0 Ths. ZoHN, BOSTIHARL T AV HEO1 2L LT, T
REBRNEZTIMBETH L. ZOMEKIE, FThok 2‘1\7/7 A9 F R F XAV AILEB T TRy b
¥rve VRN, BENLEEZR - Z2H, RFID Y 70REIE 1T 2 %MK TH 2. bk, s
FEx AN LT L &2, BREEZREMN YTV HIchE 3“6%@“(360 FAF—FE2 T, £TMOS b
FYYAYERCTRIEL T 5. RiEl, REEHOF 7ALY a V VEBTHET 247 7 Th5. 0
g I A B AR % Fw T, A Rail-to-Rail &% 2 &9 3G 7.

SEXE 0 [1] AOPFE, "CMOS 7+ u ZHl# AM", CQ Hillck:  (2005) .

SRSHHART : 1 AHDLE, 2 AHEN 885tV —IL : Cadence #k: Virtuoso, Synopsys #k: Star-HSPICE, Mentor #: Calibre, k3
VYZRZE 11,0008 1, 10,000 45 HES Y i v—2a CMOSO. 18um 2.5mm 45 v 7 Fv F&ERl: 7+ w2 (PLL, A-D/DC-
DCavnN—%ik)
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ISR N e S i

CMOS EIRIcEKIFIREFSOZHEIFATEG
LEERFRERERMERZHER EAEX MR #
LEXRZEF/TFTINA R « N1 ARERIFHRFEFT 0%,
RYDYVANVR - IIT Y,
MHEE
BE 7 v PRy ofilibictiy, BFREOIESOENFEFICA->TREY, #EL .
FIEEASIARE D ICEIfEL R W) MESEE TWw5, 2 2 TARIETIER, EFvy 7 ET
DX OEDHMET — Y %2152720D TEG 24 HHE#H L 7-. fEL 7 TEG 1%, SPICE ~
22—y aryETINVHISIM D7 X —ZHIBHOBEMOS, 7= "NEF A NIES D
EOREENMT IR/ v I F L =Y TH S, Fiz, HISIMIZERHERT ¥ v ik
DV FYPAYETILC, FI VP RAYOBHREEBOYIL AT X —F TR L Tw»
270, V7 A L =907 2 nNEFANIESDEORESHERICESGT S X1
HiISIM I X =2 %EHTEIET, V2 HNIZ6D2EFELEFANIZSODEDEKEL > TVRE T A=Y DRENTZA S EFHEL
TV, INHDOFRED, BEEL AV TORXSDEFH, F62E 25k L RGO £252 2 Lliffsn s,
SRETHARD 1 1 AL, 2 AAKN 385 —IJL @ Cadence #: Virtuoso, Synopsys #: Star-HSPICE, Mentor #f: Calibre, Sy-
nopsys tk Star-RCXT, Silvaco #: SmartSPICE, ~Z>IX%#:1,000L4 L, 10,000 4% FHIEZ> : v—24 CMOS 0. 18um
2.5mmx5. 0mm ¥ v 7 Fv 7R : TEG (Rpk:ariimig 2 &)

WIMAX B9 —R7F—1—%

RIERZITEZRAER iH B, EXREA, /A XE, FEER

BE  SEBHAHBEMRKTH 32 WIMAX 235 3. WIMAX (3 MEHLHEREH OB TH
D, MHEEETRZ I —BRELPTVAED, IO I —%2FIET50HEE (¥F—F7a—
7 DERET 7. V=R Fa—FDo7L3) ALEZHIBORET—7%2) FLfFH L
TAY T4 Z2EDHL, =5 —8TIEZMDELITI 2Ltk h I -3 F —FAER
) VIRBUSEDOT A I ENTEZLEINLT LTV RLTH S, £, SEDIERTIE
T NEFEETIE BNy —RTa— o7 L) ALEHGS I ETL D EERE
ZRHE OHEEICERMRE, ALV—7y &, HEHRLE) PRADZ0E S D EBGEET
Lldlfro .

SRSTHAR : 2 AHBLE, 3 AHAKNE &5tV —JL : Cadence #l: Verilog-XL, Synopsys £l
DesignCompiler, Synopsysfk Astro, ~Z2IZX&F#: 10,0004, 100,000 A &
EZ> i v—4 CMOSO0.18um 5. 0mm 5 v 7° Fy 78Rl : 7w/ 7Ty WVEFUH7Tak v

1 A= YDHAEE - FEERE S UYFENEEER B
RREMRXZITEWRR AR FTE, ST 2, ML KHE, £8 X8, Ra)I .

A 8%, K& 218, EXEZ
BE A7 o A2 AWEHREIORELZEZ 2 L LHIC, FROKBBA A — A4 X =Y
Y ORI 2 T, &g & 2 o AN, WEHEE X 07 a Z o AR
BELER T 2 -0 DOBGEEAF v 7238 MEL 7. KF v 7, A A=Y OoHIES%
WIET 2747V 7%, A AV v 2MEIE T4 AT VLARKKRRT 270D
& B HIEE S 2 R T 2RI, YA X EMRORL IR T7 + A4 —F Liiiill
L, EREicEPiR 2B L CRRT 2MEZEB LA X -2 v F DDA %
WRMAPEE ZNZNEBL T2, BIE, InsORBKOMIEZME/RLTEH, 74 5
A — FORBJER ) 4 ROFEP, KK OWEHAEZ T2 TETDH 5.
ERETHAR 1 ABDIE, 2 AAEW SREHY—IL : Cadence %k Virtuoso, Synopsys £k
Star-HSPICE, Cadence #: Dracula LVS, Cadence #: Dracula DRC, Cadence fI: Analog Artist, FZUI R 10,000 D
[:, 100,000 #%f HEZ> 1 v—24 CMOSO. 18um 2. 5mm A5 v 7 Fyv IRl : A X =Y V¥ /Av—tLr ¥

ELLLELL

TLLLL

L1

SO ————




1V EMERTEER IR 2F 2 A ZREBER

K ERZ IR T 2R AItE 1

Ao K2R T80 =K, £ B LA KRB

BME . 7ok 2 iz, LSIOBBEBIES B> TETWS. 774 VRS 27 W( ‘W

L LSIOURAHEA T 54T, ISHIEIENIC X D BSIED B\ 7 1 J Tl & 3T 5 i iR e
CERHLL STV, 7T T4 VIRE1F v 7EMFEET 20, 7HusBgE AT
VT ERMBHLZOWTHER T A NSH . 22T, IAEZHRBEART Uy 72 HHL 2w T
MR T 28y > TAEHS %, BIREBEL 1V TG T 2 HEIC O WTHE L. VR
HEELT Ay FrFy 0¥ 7407 ELUNIDUtDACO7 0 —T4 VT AL v F
AVASL—FDEA TRy FEE, 7Y vh A XBET oD, BAIZ NG QIR ik
T2700, 558 2A0u—N4 72K, AJIfEFEDACY Y —VEFDRF—Y 7, 2
VRL=I\DE 7y bBELUY/ A4 XXX vV ABKOHARIARE TS 7.

SRETHAR - 5 AHLLE, 6 AAKM 2|EtY—JL : Cadence #t Virtuoso, Mentor ft: Calibre, k5> IZX&#: 1,000 L,
10,000 A HMEZ> © v —24 CMOS 0. 18um 2.5mm A5 v 7° Fv 7Rl : 7+ w s (PLL, A-D/DC-DC a v N—4 7% L)

FERERVSRT—IRBILZRBULIERXATEY
LEREXREREHIERIZARR WE HE, SB% 7yTY 527
EEXRZF/TIRAR - RAARWEREMER VIV Y2 A\VR 2T Y,
MEBEL
BE O, TRl - ORI REI N Y -V RBEBIFEHI N TS, Y=
BEFEHET 737 7F v LT, @IV ICEHL, ¥EEEEZSNTs2ET
A7 707 =y avicEHgETh s, 2o LSTIE, CFRHEA~DOIGHZERL <
Fv 7 THY, FFHRA LD, HEXEVICBHT — ¥ g E L 27— ¥
FTI7FrvERMMLTYS, XFEIGREANTZE, MEXEVICLD, S5 U OKML
TEBVAEXFET = RXR—ZA X DIRBEC L 72 XF2 W LT %, 8% i
22LT, HEFRLADELRUELLFET I R—AZMRT LI L0 TES. #HBETS
B EY R—2EHREEEEZME - FHiiT 2720, ICFv T2HEL 7.
SRETHART : 1 AHDLE, 2 AH&M /5w —JL @ Cadence % Verilog-XL, Synopsys #: DesignCompiler, Synopsys #l: Astro,
Cadence fk Virtuoso, Synopsys f Star-HSPICE, Mentor #: Calibre, Synopsys fk: Star-RCXT, Silvaco #: SmartSPICE, ~
FYYRIE 100,000 HEFZY i m—24 CMOSO. 18um 2.5mm AT v 7 Fv SHERl : x €Y

REFSOZHINADEHAIEY >V TAL—5 TEGHE
LEREXREREHIERIZATR BEREX 7Y 57
LEXREF/FINAR - NA ARERIZHFTER L0 3%,
& AP =WAVY Ela b V73
INHEE
BE . 7ot 20t tEvy, 85EIE S D EMBNEREENS 2 2B HFICRNTE
TWw3, 2 CTRRMETIE, Vo7 AT L—FDTEGEEKL, 1£62E DEEDMIT%
9. Vo7t L=, BEMENT S L, 7V LARBERTESOSFANIESD
ZORENPLING D, T NHESDELTANESCDEDHELHT L L
MTELRBzR>Tw5., ZoREEINT 2720, 3fEL7ZTEG X, flESICXD
BEEZNTE L LI ICEE 2107, %, HHESOMASGOEBERLZIGEETY,
V7 F v L —8 OBREBHE Ik 5500 ET 270, WHNEROE L 21E5
DEDHELMHTAMR L > Tw 5, ZOMBEMITT 22 LT, HELAILTOESDEFH, X652 F2HE L LRIEHRGT O
HEEZ I EPHRFINS.
SRSTHAR 1 AHMLE, 2 AHARM 55V —JL : Cadence #: Verilog-XL, Synopsys #: Astro, Cadence #: Virtuoso, Sy-
nopsys tt Star-HSPICE, Mentor #t Calibre, Synopsys ft Star-RCXT, Silvaco #: SmartSPICE, ;3 >YIX %% : 1,000
E, 10,00043 HESY : m—2 CMOSO0.18um 2.5mm faF v 7 Fv FHR : TEG (REYERFAEIEE 7 &)

—
[00)
w

I[N W O



[o2]
N

ISR N e S i

BAEZEEFEZEE T S7ALAZERT « 7 ILHERRIL—7
RBRFEXTHY A FBIE, EA K EX

BE RO AR T+ & 7 VARV — 7 ClaB 5 E %2 17 9 Bd, sk
BILTWRT 2Ty & &S 2 72012, R4 D fHIENE 2 H o GRS IES D
B A E +1REL v/, Lo L, 2oRFREaEk%E +1#iET 3 ME 558
BHHES WO DB EF L T O HESOMMEBBAE 525 v Il
DD o To. RFMERIEE T, RO AIESHEIEZ v, (21388 I+ 1 HEMTb N 55
BELTED, ZNITX D, {EREERICHRTHMHEEH DD Wil 15 %25 2 FH0T
2. [REFEICOWTIE, 321 —2aryBLUOFPGA Z W CHICHERLTE
D, KRS K D ERLL 72358 b8 A CBIfET 2 2 L 2GRS 2 L LICHfFdE 2 &
FERHEZWE L 72,

EREHHEAR - 2 AHBIE, 3 AHKRM 2REHY—JL : Cadence £l Verilog-XL, Synopsys £
DesignCompiler, Synopsys #l: Astro, Cadence %k Virtuoso, Mentor #: Calibre, MUY ZFE: 1,000 L4 E, 10,000 i
HMEZ> : m—24 CMOSO0. 18um 2.5mm fF v 7 Fv FiERl : 2 ofih

AR RRANE NN R AN

RESEREERS

GANNNSNENESEEEENES) -'4

MU A—FIENA X -V Y TEG

RBRZETES N =

RRKZFHIRMATR ERRKEAN

BRINKENAT OV —FE>V5— EH

BEE  ARECEIEL 724 A=Y 2 Y TRIMEEZ” LL” EEENS 16 X 16 [l DO FER
XYY, 202 VIIZAHEED b DRSS & o T, B, A—AF, Uy F2MTR 5
LR >TVS. Z0dA X =V Y IBICHIEE S 2R T 2700 ) 7 —%iE
WL S, 2O MY H—EREE, AFRINGEEIHNE T 2ER>E» %2 EETH
EL, e VEHIHT2E52A XYy PiIcEE. Z0X)BHAEM05 I LT, 95
WD % FER 5 BARBIRITHR LT, BIEIREL, MANLV—7y | THiZzHiA L THz2H]
BELTV»E. SRORETEEICUTDO2HOKREZTo7. =2l YLy P FIUP R
Y DINERERYEET 720, 77— PEERINE» S EE, fifcE s 0 Lk £4 ¢
FUPAYDOREEEEBET L LICLDIDEREZLGE L. ) —DORBRIIFEREORETHS. ERE A 7ICL T3
KA TL X552, M/ — FRICIRNA > TEMEZERT 202 7z, AP VEIC K 2EOGHREZIER L 7.

SRETHARD 1 3 AHDLE, 4 AHEiE 885tV —JL @ Cadence %k Virtuoso, Synopsys tl: Star-HSPICE, Cadence %k Dracula LVS,
Cadence # Dracula LPE, Cadence #I: Dracula DRC, Cadence £k Diva, Cadence #: Analog Artist, Mentor fk: Calibre, ~
SYIRFZE 1,000 84 E, 10,000 A5 HEFY : v—24 CMOSO0. 18um 2.5mmfF v 7 Fy @Rl i A A=Y ¥/ Av—
b v

BRI T4 HEICEDL 256 Ey h LDPCF1—%

RIERZFTEHAFER SRR E&, A, Ml 8%, P4 &

BE > v/ v OMGRRFIGE WA 23 D ETIER S & L GEFABICTEH2ED TS
LDPC fi5 DS LSI 2 3ME 7 2. HEILICHELEIRED & &% LDPC 7 a — '~
D= —R3E\v>. LDPC 7 a—%'l& check / — F & variable / — F O RS G lLRRE 2316
HETH D70, BFHELEDIE S D ENIEFITRE (RO EYIX CIld Mg L2 L v, 2
2T, REBUCERE L R BEIEIRE L AT v T ) A s L Lf%ﬂﬁ;ﬁ%‘??»:ﬁu AL%
BHT 5. WaEm 7L AL0E, RERO T — Y EizRE-TI1C, ROERINSE T—
FDHEMOTHELZIT) 2 T, NKIRIGEEHREZA L3252 L TE 5. FHHH
KX ThRRAT VT ZLZ2HET 572012, REMOARICL PR Y 2T 58384 7
74 vHlfEEH L, @ELDPC 7T a—y0FEH2M 5. AREIZ26 €y FREOTa—%
ZRfEL, ZOMREZHRT I TETDH 5.

SRETHART : 2 AHBLE, SAHANM &5V —JL : Cadence #f: Verilog-XL, Synopsys #: DesignCompiler, Synopsys #: Astro,
Cadence ft: Virtuoso, Mentor#t: Calibre, ISV I X% :100,0004 L HEZF> 1 v—2 CMOSO0.18um 7. 5mm & F v 7
Fv FER AR (FRMS, RESRLY)




BAIRL 751 VHEIHICED< 16 EY N LDPCF1—4

RILKETEMHER RIR E&, WA H, Mg g PE BA

BE: v/ yOBGRRIIOGEVEA AR ETIERS L L GAFESRICHEHZEOTHw S
LDPC 505 LSI 23T 5. A5 LIch B2 ED & EH7 LDPC 73 — '~
D= —RFE>. LDPC 7 a—4'13 check / — K & variable / — F O E 5 A ECHAE 2318
HTH D70, HHEEDIE SO EDIEFICRE RO AN TIIMEREN E23# L v, 2
2T, BRI L e REBEEIREL R WL D) AL E LTESESHI 7L X L%
BWHT 2. FEH 7T XL, BRBO T - EHi2F# 9, BROEFTINS T —
Y DHEHOCTHEEZIT) 2 & T, KIBICHBEEEZ M L3¢5 2 & TE 5. [HHAHIH
KX TRET VTV AL Z2HET 572012, REMOARIIL PR Y ZHAT 58384 7
74 V2B L, B LDPC 7 a— ¥ 0EHEZX 5. KiffElXl6Ey FoEE Y M E
DT aA—FEEEL, ZONREWRT L2 TETH 5.

SRETHARE : 2 AHBLE, SAHANM &5V —JL : Cadence #f: Verilog-XL, Synopsys #: DesignCompiler, Synopsys #: Astro,
Cadence #k Virtuoso, Mentor # Calibre, ;3> JZXF# 10,0002 1, 100,000 K HEZ> : v—2 CMOS 0. 18um
2.5mmfgy 7 Fv SER N GRER, WREHRL D)

EHEEN A/D EIRGE DS

RRIERFETHMAER H& B, Vo Tuan Minh, 1472 i3

BE 75, MIUEERT 7)) r—2 3 Vol 21iT>Tw 5. BIfE, T TICERLE N
TWBH T VNGB R EDEERT 7V r— 3 v T, EHRBIEE LN E L
WTWw3, L2L, 278 VoRESIE, BEFEALINTLEH5DTH 23mmXx9Imm &,
JEHITNZ WV, 2D, NETE 2BMEB/NOL D2 HHT20ESNH Y, fiHTE 3
BN L OHIRSFEET 5. b OWRT, MELTCWE T 7V r—varvDh 7kl
DREZE, o/, mmxbmm BEETH 5. #§ic, MEBITOHIRIZE 5 ICH L
e, ZOHIRE MRS 27201213, TRXRTOMBICE W TEREEE L2175 BERH
3. SROFETTIX, 7RI T2 %27 NT—ZICEHRT 5 A/D BRI O VT, &
HEENMLZAAL. HBEBENEZNAZ O, 7Yy 72IH¥ T, v 307924 v F,
avAL—=%, FYINVEBEOARTERTE, Aoz dE8Hc& 3 SARADC 2L,
REltzfTo 7.

EREHHARY : 0.5 AADLE, 1 AHENE 85twY—JL : Cadence #: Virtuoso, Mentor #: Calibre, kS IZR&#: 1,000 L, 185
10, 000 i BIEZ > : v —24 CMOSO0. 18um 2.5mm A F v 7 Fv 7#&Rl : 77 v~ (PLL, A-D/DC-DC a v N—=%7%& L) =
3
=
9’_
L = ) \y
Ay F v 7ERBIKE LVCKEE v
RERAFEERMAER A X—, Ak 5 RHE HE, 4 8% =
ERAPANEERY AT LARHEEREEY Y — 2 BEH 1E
BE: (1) AvF v 7DC-DCEROEEMAZITH) 2 &2 HNE L TEG OilfE% fﬁ
[

fTotz. 7OV AMEEFTEE N7 — 24 v FIZBEB IR EZRET 3 BELBREHTH 5
B, FERBECHEEINE OBREMRICHEFS T, v Ial—Yarvilikzfr) e
DOFMIAARL v FDOT LA &I L. (2) KBEEhEEHECMOS 7at 2% Hw»T
EEBL G660, B0 O O E2MHT 2 L2 HWE L, HEMEMWEL T, £~
F v TRBEMOMERERA - BHEELTZHAT 272D TEG Z5A1E L 2. &
TEG ofE#IZ, MiEhl (n+Z AR EM, p+Z JEREBEMW) , P77 v 284l
1.8V F 7P R%, 3.3V F 7P RY) 120 THIBGEHGHEKS X 9 HEL 7%.
SRETHAR 1 1 AHDLE, 2 AARRE 3EHY—JL @ Cadence #k Virtuoso, Synopsys £k
Star-HSPICE, Mentor # Calibre, NSYIZXH% 1,000 L4 E, 10,000 ki HEZ> :vw—24 CMOS 0. 18um
2.5mmx5.0mm v 7 Fy @Rl v ru 7wy y




—
[04]
o

IREREIN e W It

AVFy 7EREIVCHIRY O Y 7 52 EElE

HRAEEERMMEET  AHEX—, RHHE #HEH, = X%, #HER
HRAZFABEEBY AT LARNYEAREY Y- BEE

BE: (1) #vFv 7 DC-DCEROREEENMiZ/TH) 2 & ZHMWE L7 TEG OilfE%
1o 7z, B2 e flllT Az SN X O RRGEES 2 72, OV A EZ G o flgnig &) =
TL¥ 2L —FHMRSREZRAERG L. (2) Z7vy 7 0B oEEE bz Hi &
LT, #IR7 v v 7Bl 75X o#)s R I % AT % 72 0, JEIIRMIEE, HIRMIEE, HiR
(AL T % N Z 72 R o Ll i) %2 17 9 72 & D [alig % 35T L 72, JEHRIIS I e, 1HE
BHZEIRT 2 2 EXHBREE INDD, =7 v b T2 IR X H DR CEE
XD EHEBNIOWMARPLY INAAL vF v JHEAZG SR T2, TNZ2EET 2
% R AIE 12T L 7.

SRETHARD - 1 AHDLE, 2 AH KR EREPY—JL @ Cadence # Virtuoso, Synopsys 4t
Star-HSPICE, Mentor #t: Calibre, FSYIZXH¥ 1,000 04 F, 10,000 A5 FHEZ> : v —2 CMOS 0. 18um 2. 5smm 5 v
7 Fv 7Rl 7+us (PLL, A-D/DC-DC av =874 &)

BNEXBEA -T2V I -TRiEEZRAVWEE/INN1T751> ADC
EREEIARFEIFMEFIER NER &, BE E AE{CE

BEE : SHsA 774~ ADC O ZRGF LIER L 72, UWB® I VL woeHi A
WIHREHUEEM b 7 vy — D R—2 v P, £7, HDD®DVD F74 70 Y —F
F X FNHBEVIIEHRS ) TV ¥V F—7 2 — ZANDJEH % E#k L 22/NEIh o REE o ik
ADCTH 2. choD7 7Y — aryTHWBE ADCIZEWT, EEZBEIZEBEN L
MERIERECH 5. T 6 DARTOIRFMRIE—MRAVICIZ4~6Ey FERETH 528, &
D EESREEREMORAPLT AP IN ) v F R b7y —N7 =X T 7 F O]
WET 5700, RFGHCRHESMEZ 8Ly & L. BFHVONE 77 v a iE
TIHABPKREL B 2 Lo, RFEFrTIE A4 7724 v AR ERAL, FRICEGs/
sec ZHEE T 3 72z, BWIHEEA — 7L — FHIERE 7 —X5F 7 F v 2 A L
7o 2D 774 v ADCISFERINICIE, XDl 7 e A COHEBZBEL LTW»573,
ZOHIBREE L LTT7A 77 OWGEEL X OFEOMIL 2T 7 DIcARF v 72 BIEL 7. 5%l 2 ED 2 FETH 5.

SREHHAR - 1 AALLE, 2 AARM 2EPY—JL @ Cadence #l: Virtuoso, Cadence £t Analog Artist, Mentor £t Calibre, +35
VYRZE 1008 E, 1,000K%8 FEZY @ v—24 CMOSO0.18um 2.5mm A+ v 7° Fv 7@l 7+ 7 2 R#H

EEERERIRBEREEESEFERPA

EBESPAFBTFREFIFR KHFB, LEEH =sR18 GECE

BE : AF v 73, MEEEHO E#PA (Power Amplifier) 2L 7. ¥ &
XHICIRBERBECOEREBIELZ I3 2L TE 3 L), BEELE (0.5V) TOER
KEz HIEE L7z, BELCHEHINT w3 ARPA IR, fHEETE R WIFICIZIERIC
PRSI 2 238, BHIGBIERS0.5V RED K E X2k 3 L BIEHICNEE 22, 22T, X
Ay FrTEEICEVENNNLRE TR ENTELERT Y 728 LIEEETOBE
ZHIEELZ. Fv ZIcBE L2 EfRPA X, 1IGHz o AR RKOEN 27 v T+
(50Q) %D, 0.5V ORHGEE cHm BE WS~ HKHTE 2 L ko TV 5.,

SRETHAR : 0.5 AHBIE, 1 AR 5|jEHY—JL : Cadence £k Virtuoso, Cadence #k:
Analog Artist, Mentor #t: Calibre, F;ZYIXFZE:100E, 10045 HIEZ> :n
—24 CMOS 0. 18um 2.5mm &5 v 7  Fw FH&R| : @fE (RFAE, ATM 7% ¥)




8bit 5% SRAM D&t & H1E

RRIERFBEREIXHRE  EFE S, B ER B2 eE

BE : ABEIR, PSP AILRLVICTINVIARAIZLATOLA T FEE2EL,
CAD YV — L [ligs I 2 L —7 a2 8fg, GEF - Matr oilfficR2s 77 v =0 7))
BREzHWELTVS, 20 LT, #IRNZLAL 77 P PEREHERIESD 2 770
e HET. o THMENERIZE ST, HREZ2EHELLTEY, Ko 2EEZECMA
TWw3, EFEFIE8bitx256 > F Y &$5. AJiE, 7—##8bit, 7 FL Zf8bit,
V—F A4 %2—7N1bit, 94 F 4 x—7 N 1bit, Zuvy 7 lbitThbh, HHFZF— 2
8bit Th 5. BHEMIEEIL IMH 2z BETOWEZHEEE 5. 7 FLATa—2I3fr7 2
—FDAHTIIEL, JFa—FoFitzE8 THELL TS,

ERETHAR : 3 AHMIE, 4 AHEM RSYIYR&%:10,000 BLE, 100,000 K HES
v :1u—2. CMOSO.18um2.5mm A+ v 7 Fv &Rl : X €Y

EREEEEEL LR LLE]

SFEAZEmIFI717 LAV EE (TCS)

LERZEF /TFTINA R « N1 ARERIEARFRT AlEeA, EOX, /L@
LEEREXRERELHMERIZATR FH &S SHR THF

BEE . PN ORI & AR R I & 2 IRREBN 2 EMEE I 2179 2 L2 HIg L
727 ATV AR Y OBEMGAIEZRAT > 7. BIEE & FRE, SR o3 ESMT I O R R 2
HoZBMHEICL 2 7 Vva—Aevy426 L, RENEZDRSE, 7L a— R REEH |
SR LIAT, 7—4 % 10bItADC T2 L 7%, 120kbitSRAM IC5i8kT 2. #HRSh .
7e7—=%1%, I0MHz ® % ¥ VY 7% H\v», —f§ L T 19. 2kbps D>V 7I)VEE 21T 9 Kb FHEk ||]wll
TH 5. FEBICHRFL Y v 2 O TREROE L2 1T > THEBRICHT 5720, TR A I
Sy comGlEAN L& L, EHTD S EFEOH - -HIEE S 2B L 2. FEBD-H% 1]
FEDFEEE « k%27 2 e 62my FAOF v 7ORMEE L 7.

SZE @R - T. Ishikawa, Y. Masui, K. Johguchi, T. Yoshida and Y. Murakami, “A

wireless chip for intra-oral temperature measurement,” Proceedings of the 15th Workshop on Synthesis And System Inte-
gration of Mixed Information technologies (SASIMI2009) , pp. 477-481, (2009. 3)

ERETHAR - S AR ML, 4 AHKGE SREHY—JL 1 Cadence #: Verilog-XL, Synopsys 4t DesignCompiler, Synopsys £t Astro,
Cadence #I: Virtuoso, SII#: SX9000, Synopsys#t Star-HSPICE, Mentor #: Calibre, ~SYIJ X% :100,000 M #H#ES
Y 1a—2,. CMOSO. 18um 2.5mm g+ v 7 Fv Fi&Rl 1 77 7Rl

SFAEZERITI717 LAV YEE (TC8)
EEXEF/FINAR - N ARERIBEFAEA  ANIEA EOX HEBZ
LERFRERERMERZHER FH &S SHR THF

BEEE © P R EEEHI & SR O I X B IR R A A 2 479 2 2 HIEL
727 A7V AR Y OBMEMERTT > 7. HiEAE & FER, TR v LAY I DR S E
7 BAHNEIC X 2 7V a— 22 v 24 L, WRENEZ BR8], 7)1 a— 2 EEEEH
RS LT, 7— 4 % 10bitADC TZH L 78, 120kbitSRAM IC3ld#T 2. &fish
#7F—# 1%, I0IMHz D% v ) 7 %2, —§E LT 19.2kbps 2 ) 7LEE %179 5 b [k “

ThH5. FEICHRBIHL Y Y 2 H W TERERO I L2 17> THBICE T 2720, RO 4
Sy comGlEAN LA L, EHTD S EFEOH - RIS 2B L 2. FEEBD-d%
FEOFEE - k2T 2 20y F40F v 7ORMEE L.

SZE @R © T. Ishikawa, Y. Masui, K. Johguchi, T. Yoshida and Y. Murakami, “A
wireless chip for intra-oral temperature measurement,” Proceedings of the 15th Workshop on Synthesis And System Inte-
gration of Mixed Information technologies (SASIMI2009) , pp. 477-481, (2009. 3)

ERETHAR : S AAMLE, 4 AAKGE  SREHY—IL 1 Cadence #: Verilog-XL, Synopsys £t DesignCompiler, Synopsys £t Astro,
Cadence #I: Virtuoso, SII#: SX9000, Synopsys#t Star-HSPICE, Mentor #: Calibre, K~SYIJZX4#:100,000 M H#ES
Y :1u—4 CMOSO0.18um 2. 5mm 45 v 7° Fv TR © 7+ 7 P EH

—
(00]
~

I[N W O



—
(00
(¢4]

IREREIN e W It

BEAERICHBMUERKE—X 2589 5 TEGEHE (BD1, €D 1)
LEXREF/FTINA R - N ARERIZHFTER Al g, EOX

BE v 7 LeofZ btz B LT, BRI a8 L 7R e — X 2 BE) T 5
TEG%##fEL7. 7294 F2KRYRAFL v Ta—t LR E—X3EEDEBTIA
CHwSITW 5. FEAEF v 7O ZHA L EOEBET T TH 55 U OB L, AR
BB L 7R E — X% Ty 7RIS T, Yok L 7k e — Xz 5 v 7RI CHKE) ¢
BB L 51006, Fv TRENOBRAZFHM L, AbENLmiizfr) e e L
7o MIORMEE LT, EfZ2JED X &)L W TEMZ K, BRIt 2 B & 285
TS E — 2 DB %2179 TEG 2B L 7. (2D 2128i<)

SRETHAR 1 1 AADLL, 2 AAKM |EPY—JL @ Cadence #: Verilog-XL, Synopsys#k:
DesignCompiler, Synopsys £ Astro, Cadence % Virtuoso, Synopsys #: Star-
HSPICE, Mentor #: Calibre, NSV IZRZE 1,000 80, 10,000 %5 SIEZ> i nm
—2 CMOS 0. 18um 2. 5mm fj 5 v 7 F v 7§&fhll : MEMS

BEAHPC2BU B E—X 258893 TEGHE (BD1, 202)
LEXREF/FINAR - NA ARERIZHFTER Al g, EOX

BE: (201kD) Efi2H0 X2 0icz2 2016 Ko W8 B, BT
ETT2 L) ICHEL . LH» S 3ok clis etz 2hzho
BHOMNEIC, VDD, GND ~ND/SA + 7 v PR 7 %, 2NENOEMIALRE OIS
B\RZRE 2 L)Lz, S AN LEHIEES 2 U 7 LR 5 LAV EZ AL TR
ALV RAFIEIE L, Fv 7 EOBIROAAIC & BRSNS — v 2IRREINICE{L S, W%
R[E—ROBE KA 2. Fv 7 RICREREZ EEH T L CHBEZ2T) 720, EFFA0S
A=Y, 20y FAOEHORER T 7.

SREHHEARD - 1 AHBIE, 2 AHRM  2REPY—JL : Cadence £l Verilog-XL, Synopsys £k
DesignCompiler, Synopsys £ Astro, Cadence % Virtuoso, Synopsys #: Star-
HSPICE, Mentor #: Calibre, NSV IZRZE 1,000 84, 10,000 %5 BIEZ> i nm
—2 CMOS 0. 18um 2. 5mm 45 v 7 F v 7§&fhll : MEMS




B4E
4. 1

VDEC 13 Pl 8 FEEICHE R L7z, BRI HAEHEE S
HERBE 1B LI NS LM TH 57285, P9 4
BECREMEHE2AEFBEE 1 AWHAE S, 35612
EEORFEL WL HICT 5 HNTHEREDNPS 2% H
MELT2HDHEEZIIRET S [RBZEEHRE CEK
16 SEEE D DR E VRSB NIC G o 722 LIt BT
JERWEE % 5.)] BAF =ML, FHKI9EEEZD -
THT L7

I 20 AEEEA BIL, I BERIEZH7ITEL S
10 RFH» SN B R IREV 72720 T W05,

VDEC #i%
ER

T, EERLWHEIT) 720, FEEEH» 1 BB
NnNTwns,

VDEC I33i7E, BLHE 104, KA 1%, 35
H2#0EEZHELTWLY, MIZdE < 0Bz zy
BALEE INTWDS, FHIETLERNERFEBEL L O
ARALIC L D EEOH L ZILFEFHF—2 & L, L¥R
MR HBEREROTEEZTTVD. BEH - W05
BCiX, FNOMOEE, oW ames, 512k
SEEOMWERFOHMB L FEZ L CAD KT VT4
TEHLZ L DWHHBEDTIZLI > THALNRT WA,

MEBEIMEXRT
g E ik E K F

g E wE K #F
TR 9 - 105E iR, #EEILAF
TR 11 - 12FE | €RAX¥ LBAZF
TRt 13 FE FERY, RRIERF
TRk 14 FE TERE, RRIEAF, RHEKF
TRE 15 FE REBAZE, AMKZE
TRk 16 F£E KRR, AMKEFE
TRk 17 E£E FHEKXE, KEKAF
TRi 18 FE tBEXY, BEEAF
TRt 19 FE it B E K ¥

BhBREREKRE (FHL 20 FE~)
tBERE, RIEKE, RRIEXE, ©RKFE ZHEXZE
RERE, KBRKFE, LBEXE, AMKE, IGERFE




4.2 ANFHS

VDEC AS

voy-RoHE R OB O I

e ®OB B & %

= H ®RE O® MO K

¥ & # ¥  Cheng Kwang-Ting
CPHL20 47 H 5 12 HET)

# #H & i H Bl

d#* H B’ & " i=4

NMHEEHERE 4 & e

WA B N B i

AR Uk # ¥ Goerschwin Fey (PR 2045 H £ T)

B HOW 1 Y CPRL204E 10 H £ C)

B oo kcek B O

)] ¥R A& W B CPER2044 H55)

B oo B OB W CER214E4 Hhn)

FHED SRS
fRIX

REFEAA LY, ¥ L LTVDECIKBMEETH
CTLICHY FLABFEEWMEH L 9. 200743 H
T TGRS LR R E - LA R oL
L, RHERO ZHED D & VLSI ofkEtH# ki
M3 5% %2iT-oTBY, FIZAF V¥ —FELLX)L
DOLATY M#ELOWMEICH Y MATEND T L2
LB TRIEYA YLy bu= s AR A
BL, Sl 7 IVEREMIO7 Fa s IP EEEOE

E & A Bk & 2
MR R OB K E W CPR2AEITET
fh 1 %

il
T
- H
=

H
of
=

(K% T RIFE R AR T2 R
(Y| it
(K% T RIPER AR T2 SR
froo o
(R LA RIPE R AR T SR

BIHERELTBY T L SRS s o A0 L,
VDECOA % v 7 & LTELTHM»LERDOBHIZIZT
HEIBHERETHEZWERSTEY 3. F M
(2, XETHEMLOWIEOREER & 3 I2 BT 2 ikEt 0Bl
TORBRZ & o TRO NI 72 BE» S, %L - BE
WHICD XDV Vo Z)HEELTVWELVWEEZTVEK

BTHYET. FLRIFLDAROENELL, ThE &
HOTHHEBLZENL 25 AL T4 5
BERTEITIUTRICEWTISWET. 4% L LT
EEHLLEBEGHL RIFET.



FH 20 FEXBABRERY AT LARGEERA LY Y —BEZEREZELE

E 2 P B
% H B B | AREEED X7 LREHEMRt 2 -K
R II M X | IFRMREHE
% H B | XFRIFRMEHN HR
R H B — | KERFEREIZRMER R
h 5 = B CEHETERMMRtS 42— B
Ol R B | EEREREMELS 82— R
B AN B — | KERIFRMRER
B B R | KFBRTFRMER HEHUR
B H B8 B | AREERSITLRGEEWRt 42— R
A H | KHREEED X7 LBREHHEMR L 2 — EHIR
SR B | KAEEHEY X7 LEREHHEMR > 2 — EHR

FHL 20 FEXABEERY A7 LARHHEHRE LY F—2EEERBIEERE
K # PR B

% H B B | ERRAPAREERED X7 LB ERRE 24— #E (22 42—-F)
B H & B | R EAFARRERY T LRHEMR L 5— #HR
=] £ | RRAREGEHMERMAT > 2 —EHWMIEL 27 L R
% H B | RRAZAFRIZRMAMERRIFER R

B A B — | ERAFEAERIZZMEMERRIZER R

2 XK E — | UBERFAFREHRHULMRH HE

X B & 5h | RAREREMERMARAE LS 2 - BEHR

ird & | RRIXKZAFRMEMAER iz

- = fil | RRIFERFAFRIFTFMER EHR

il F B £ | REWEAFEIFMRE 2

W H T | @SRKFEAFRAERFAMER B

B A E £ | ZHERFAFREBHAMERERD X7 LFHER HiR
INF FH R RERPRFREREMEFLREBRRY X7 LEH R

#d 0O i Z | KEXFXFERIFMEMEREFIERIFER R

& H B | REAFAREREGDEMFMERFSERERMFER R
Z H B A | AMAEAERD X7 LIEHHNEMERERTIZHN 2%
W A E £ |  ISREAFEIZZSFERT T 8 38

g B B | RREMAFEIFNEIEFERIEN 2R

FEH LB L | EoE2AFEIFMEFISN 3

5 A H E | HFAKFAERIFMERERMEIER




192

WEOmMoO< A

1. BEEAEXMA®

7 = & )
Y| 14 = 210,008,000
A 14 = 62,212,768
2. T 19 FERZEHAEMBISE

ARARE i % =& B E % =8 (FH)
A H S| P EEMNREEZE L ASEBEYRELI T MERK HEBAE (C) 700

-7 2 ~ o 4y I\\EE & \;.l:l : /“*_','x"_(\¢ .

B H 8 & | STRSABAENOSITLNMF0Y —ADIcH EEE= 204 1,800
A B . Q;;;E%é%;g;;TW%hﬂ[ﬁTé%i%ﬁﬁt SRR BB 900
3. M 19 FEEXEESERE

RRAFE iF % & B E | =8 (FH)
2 m 5 18 ;%;AL&%%ﬁﬁwtwa%3>—75vF7#—A £ ER 16.000
% H F OB | EHWLSITRT 1 > T HEMZ 20,000
= @ 3 @ gﬂf:égvx-h3>y—nm®aﬁ-ﬁﬁ-ﬁmt SR 4.000
B H 8 B | UMLEFIALLY T LLSIEEHRMTTOMZE HER 4,000
B E 2 % gﬁﬁ&ﬁﬂw>Z%AvahﬁEﬁ%ﬁmE%Téﬁ R 8.000
B H B & | N—KRYrT7I0REENEDDOFRHRIARDIAZR HEMZ 1,000
% B # 8 | SociiEm _EERKH SEEME 3,200
% H g & | BFRAMNRIESLUT X b SRR 34,900

B HES EIEEEE - Ty -

= = = Egézfzg%ﬁﬁ1%§ﬁtéw WEXN -T2 SR 15,300
= = - '%%;%Eﬁ%ﬁﬁﬁt%ﬁﬁ/ffﬂm?x?A@:— I 3900
% B OB | BHmUVIIT— - F/EHANLE ZEEME 20,000

4. ¥R 20 FEFMHE

DTFo#Z - MA»SHFHZTHE X L.

AR T

(PR B T2 782 > 4 —,

SN 37,150,000 H

H e FBY LGN, (W sy

(M) BR - ETHERFNIREME, 87 oy 72 b




BO5E WABS
5.1 =HF#hR

fRREER fRFER (%) - ) s
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Self-synchronous system design using DCVSL

K. Asada, M.Ikeda, S. Suzuki, T. Sogabe, M. G.
Jeong, B. S. Devlin, S.Saito

We designed self-timed circuits using DCVSLs,
which are dual-rail logic gates composed of dynamic
circuits, and evaluated the reliability of them and appli-
cations to gate-level-pipelining. To evaluate the reli-
ability, we inserted power noise sources to the circuits
as sources of delay variation, and measured impacts of
them. As a result self-timed circuits proved to be more
tolerant to delay variations. We also designed gate-
level-pipelined logic circuits by using two equivalent
circuits, one is being pre-charged, the other is evaluat-
ing the logic, complementarily, to eliminate pre-charge
period for higher throughput. Using this gate-level-
pipelining, we designed and fabricated the architecture
for self-timed FPGA. The architecture is composed of
arrayed common blocks. A common block has a LUT
(look up table) which evaluates the logic and a switch
box which connects some channels from horizontal and

vertical directions.
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Self-synchronous communication

K. Asada, M. Ikeda, M. Sasaki, D. Nakamura,
S. S. Bushnaq

We have proposed a 3-phase 3-wire serial interface
circuit based on a GALS (Globally Asynchronous
Locally Synchronous) method for low EMI intra-
and inter-chip 3-phase 3-wire serial communication.
Since this circuit utilizes a self-synchronous transmis-
sion 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 due
to its wide design margin. The prototype interface
featuring a data rate control capability has been imple-

mented and evaluated using 65nm CMOS process.
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Furthermore, we have proposed an all digital baseband
data recovery circuit using a blind oversampling tech-
nique. Our algorithm uses a 5x clock to sample incom-
ing data. If no data edge sensed, sampling occurs after

five clocks from the previous sample.
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System on Glass Panels

K. Asada, M. Ikeda, J. M. Kim, K. Ikai

Recent improvements in TFT processing technology
have achieved to integrate a great degree of functional-
ity on glass. It is widely expected that these integra-
tions will contribute to the increase in functionalities
of displays, which will hence lead to the realization of
System-on-Glass (SOG). We have developed a design
environment for a stripe-shaped PMELA process on
glass, and have designed digital circuits and a variation
tolerant transceiver for SOG. These circuits are fabri-
cated in a 0.5um PMELA TFT CMOS technology, and
the measurement results show that VCOs and amplifi-
ers are successfully work, and the digital circuits using
PMELA TFTs are successfully integrated on glass by
using the design environment. We also proved the

accuracy of the established design environment.
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Testing method for SoC

K. Asada, M. Tkeda, T. Nakura, R. Zheng,

D. Nakamura, Y. Tatemura

We have studied an on-chip monitoring system for
reliable LSI operation and an ATPG for IDDQ testing as
part of a testing method for SoC. Recently, transistors
in a LSI are increasing their fragility with technology
scaling. So we propose an on-chip monitoring system
as a SoC platform which ensures reliable operation of
LSI circuit even if in-feild as well as the at the time of
manufacturing. In the proposed platform, designers
can monitor LSI operation after shipment from remote
location by using TCP/IP network. Moreover, design-
ers can use web browser as the user interface which
offers an intuitive operation of monitoring. Our on-chip
web server system contains small 16-bit CPU, network
interface, and so on. A TCP/IP protocol routine and a
web server program runs on the CPU, and serves as
an HTTP server. We designed the system, and verified

the hardware/software operation by implementing it on
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FPGA and PCB board. We also implemented the sys-
tem on 0.18um CMOS process. the overhead area was
about 8.44mm?

IDDQ testing is known as a very effective method to
detect faults in CMOS circuits. IDDQ test can detect
some faults which are hard to detect in voltage mea-
surement such as functional test. For example, bridg-
ing fault is the fault. When we think about bridging
fault, we handle inter gate bridging in many cases. And
if we also consider intra gate bridge, we don't handle all
possible intra gate bridge in many cases, for example
handle only transistor short. So we proposed a method
to generate test pattern for all possible intra gate bridge
and implemented SAT-based ATPG for bridging fault
(intra and inter gate bridge). Additionally, we show
that the test pattern generated for intra gate bridge
can cover many of the inter gate bridge by running
ISCASS85 and

ITC99 test bench.
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Active Substrate Noise Canceller

K. Asada, M. Ikeda, T. Nakura, N.L. Dang

With the development in LSI technology, the number
of transistors that can be integrated in one unit of area
and the clock frequency is increasing rapidly while
the power supply voltage is getting smaller. In devices
where digital and analog circuits are placed on the
same substrate, noise generated from digital circuits
may become problem, degrade the performance of
analog parts or even cause them to malfunction. In this
research, we proposed a digital active substrate noise
canceller to reduce substrate noise in such devices.
Compare with some other methods that use feedback
circuit or passive components, our method is expected
to operate more stably and has wider effective range of
frequency. Also, as the proposed circuit is digitally con-
trolled, it is suitable for the purpose of dynamic opera-

tion control in system LSI.
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Circuit Design Utilizing Process Variability

K.Asada, M.Ikeda, T.Nakura, K.Ikai

As LSIs penetrates into our daily life, many things
have LSI chips on them and RFID is the most promis-
ing candidate for giving ID number to every single
thing. Our research realize chip ID generation circuit
utilizing process variation, which is the source of the
randomness with exactly the same layout pattern, on
standard CMOS process technology. Unlike conven-
tional scheme which evaluates the ID number at every
read request, our ID generation scheme breakes and
changes the transistor characteristics at the first time

ID generation so as to fix and stabilize the ID number.
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Smart Image Sensors

K. Asada, M. TIkeda, M. Sasaki, Y. K. Kim,
T. Monma, N. N. M. Khanh, Y. Ohtsuka, K. N. Kim,
S. Mandai, K. Hattori

We proposed the transfer matrix for calculation of
transmission rate in the multi-metal-layer above pixels.
The reproducibility of the color is verified through an
optical simulation with the multilayer. We have studied
MAGFET with photo-gate function for optical and elec-
tro-magnetic characteristics to achieve range-finding
by TOF method. We also studied sensitivity modulation
using photo-transistor for smart image sensors. On the
other hand, we investigated 100-120GHz pulse genera-

tor for mm-wave imaging using on-chip antenna array.
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High-Performance 3-D Range Finding System

K. Asada, M. Ikeda, S.Mandai

Smart image sensors including processing elements
on a sensor array have developed because of the devel-
opment of CMOS process. We have developed 3-D
smart image sensors employing light-section method
to realize high accuracy and high speed 3-D capturing.
Last year, to realize flexible 3-D image sensor, we have

designed and fabricated multi-functional range finder
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using dual imager core on a single chip and operating
them independently. Furthermore, In order to achieve
real-time imaging, we also have developed PC interface

and camera board.
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Formal verification and debugging-support of

designs

Masahiro FUJITA, Horoaki YOSHIDA,
Takeshi MATSUMOTO, Yoshihisa KOJIMA,
Tasuku NISHIHARA, Jinmei XU,

Hiroki HARADA, Takaaki TAGAWA

As the system-level designs grow more large and
complex, the verification and debugging-support
techniques to prove the correctness or to find and fix
bugs are getting more important. We are working on
this topic as below: In automatic input pattern genera-
tion, we proposed the technique to automatically find
input values that violates the assertions by analyzing
the design description using traditional simulation and
symbolic simulation. For an FIR filter design of 170
Lines in SpecC, we successfully found the input pat-
terns of 61 cycles that produces the specified output
patterns. In formal verification for on-chip program-
mable interconnect, we proposed the method to prove
that two ports are connected as specified, and not con-
nected to any other ports for all possible connection
configurations, formulating as a boolean satisfiability
problem. We have successfully verified the correctness
of programmable interconnect part of our VDD-FPGA
(12x13 tiles, 8 tracks) under the constraint of the maxi-
mum cut is 1. In debugging-support for synchroniza-
tion of parallel execution, we proposed the technique
to derive the condition on which the design properly
synchronizes by static analysis, and showed this con-
dition can be utilized for synchronization verification
and debugging. Through the case study of the parallel
elevator controller in SpecC, we verified that the design
works as the designer's intention using the generated

condition.
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Automatic Network-on-Chip topology synthesis

Masahiro FUJITA, Hiroaki YOSHIDA,
Takeshi MATSUMOTO, Hideo TANIDA

With wire delay becoming dominant compared
to transistor delay in deep-submicron era, the per-
formance of SoC is more affected by interconnect.
Although many NoC (Network-on-Chip) architectures
are proposed, automatically finding the most efficient
one for a given application and mapping the function
blocks onto it, is still an open issue. This study propos-
es a method for generating custom NoCs which meet
communication link-length and latency requirements.
Addition of constraints for floor- planning and intercon-
nect architecture generation, to existing integer-linear-
programming-based approach, enables link-length and
latency requirement to be met in the generated NoC
architecture. Initial experimental results have shown
that only the proposed method can meet link-length

and latency constraints.
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Post-silicon debug support using high-level
design descriptions

Masahiro FUJITA, Hiroaki YOSHIDA,
Takeshi MATSUMOTO,
Amir Masoud GHAREHBAGHI, Yeonbok Lee

Post-silicon debug is the process of finding the cause
of errors in the prototype or initial implemented sys-
tem. Complete verification of whole systems before
implementation is becoming infeasible due to the com-
plexity of systems.

As a result, post-silicon debug is getting mandatory
while it is a painful task. We propose two debug support
methods utilizing high-level design descriptions. The
first method utilizes the concept of dynamic program
slicing to extract parts of the design that has influenced
the error. For each error pattern, we derive slices for
the output variable of the high-level design description
that corresponds to the output pin of the target chip

where the error is observed. Then, we extract the inter-
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section of the slices for multiple error patterns, and
rank the results by calculating the distance from the
correct trace with our distance metric. In the second
method we have focused on bugs in the communication
parts of systems, specifically on-chip buses of SoCs.
First, we extract the basic events such as requests and
responses from control signals using an on-chip moni-
tor circuits, and store them in a trace buffer. Then,
according to predefined debug patterns we analyze
the extracted transaction sequences by our software
to detect potential bugs such as race, deadlock and
livelock. We are extending our method to support user-

defined debug patterns.
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Application of design analysis techniques to
systems biology

Masahiro FUJITA, Hiroaki YOSHIDA,
Takeshi MATSUMOTO, Tasuku NISHIHARA,
Hideo TANIDA, Jaeho LEE

Recent rapid growth of biology has clarified vari-
ous fundamental rules of bio-chemical systems, and
now such systems can be simulated by computers.
Such simulation is 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 take large number of simulation cycles on
software. Therefore, in this research, we are going to
implement such bio-chemical simulations on hardware
(with reconfigurable blocks, such as FPGA). In the
last year, we have investigated bio-chemical reaction
systems, modeling methods, existing software simula-
tion methods. In this year, we targeted on Gillespie's
stochastic simulation algorithm, and compared the
executions of an existing software STOCKS and a hard-
ware implementation on FPGA. We confirmed that the
hardware implementation was faster than the software
implementation. The main future work is to propose a
hardware architecture which is generally effective for

bio-chemical simulations.
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Formal equivalence verification of data-path
designs
Masahiro FUJITA, Bijan ALIZADEH

Data-path designs are used in many applications such
as computer graphics and digital signal processing.
Due to rising complexity of such designs, high perfor-
mance requirements and shortened time-to-market, a
growing demand has emerged to design hardware at
higher levels of abstraction where an algorithmic speci-
fication, e.g. MATLAB or C description, which per-
forms a sequence of arithmetic operations, is modeled
as multivariate polynomial functions of finite degree.
Then it is refined to a Register Transfer Level (RTL)
description by adding more and more implementation
details at succeeding steps. There are two major prob-
lems to achieve functionally correct description at each
step (1) a significant increase in the amount of verifica-
tion efforts owing to the presence of data-path compo-
nents such as multipliers and (2) carrying out polyno-
mial computations over n-bit integers because of fixed-
size data-path architectures. Hence, equivalence verifi-
cation of two polynomial functions extracted from the
algorithmic specification and RTL model is not possible
because distinct polynomial functions with different
degrees and coefficients may be computationally equiv-
alent. In this research we introduce a modular decision
diagram namely Modular Horner Expansion Diagram
(M-HED) as a canonical graph-based representation
which allows us to perform formal equivalence check-
ing between the specification and implementation for
multivariate polynomial functions over the ring of inte-

gers modulo 2", where n is word-length.
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High-level design automation and optimization
Masahiro FUJITA, Hiroaki YOSHIDA,
Shanghua GAO, Ratna KRISHNAMOORTHY,
Jaeho LEE

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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Circuits Technologies for Large Area
Electronics with Organic FETs
Makoto Takamiya, Koichi Ishida,

Takayasu Sakurai, and Takao Someya

Large area electronics is a new frontier in electron-
ics 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 MOSFETS, however, the
operation speed of OFETs is slow (us ~ ms) and the
device lifetime of OFETs is short (days ~ months),
because fabrication technologies for OFETSs 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 maximum-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 vMOS) 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 implementa-tion 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 associa-tive processors in both ana-
log and digital CMOS VLSI chips. As a practical applica-
tion of the circuit technology developed for the associa-
tive processor chips, CDMA matched filter chips have

also been developed.



EROFHENT ML VLS RUZD/NT — 583N
DIt
Sl W, moN— b ru—, ok AN, AR,
HINER, PINBEH, & KFH, #& 5, IFEd

Freo@fA7rovy 7 —F7 7 F v & WEEHEKIC
AV 2121E, 2RICOBEERZ FE~XZ by, HlL
—RILOBMEH TEIL 2T E LS v, Ll
COHMT, EHNMGEED (PPED: Pro-jected
Principal-Edge Distribution) & MES#172 72458~
MVERB AR L. 20OCERICR L, #E - A -
FO2770, FHAFTMOBTEMBLTT7 4 —F v —
<y TEER, FOYy 7Ty F eGSR IS
e[ 2 Tl LIS ENBE A L 4o — Rtk
BT 5. Ihbx ok ALY TARILN
JRNVEL, 64Xx64E 7 ENVOMGEE KBTS, 2
id, TTHGOREEHEIC) TLEBLTBY, TH
ElZL B8y = OB, ERIHLITEALEEY
ZU R, o T, HfikT v TV — b v F IO
FHETFHE TR — Y ORBHEIIKE TN M
FATEL, FICINFTRUMOMEE L CHEER >
RERD Y — O HRERD TEL I L b Yo
72, SHICZOFHERBEERFZHEICBITLET7 70
X MG ESREHTINH, BRI EIC & 5 T B
& L BE &3 B M A I RS o PR 2 VS S,
HME L FAFRICTE L2 Dbl S, #ET
Tty G L, — MR AN EREAR  A T A4
HEANEFRIFETHL. ZOXRZ PViliiizy 7 b
7= 7 TRIFEICHB O 5 MBLTH Y, neuMOS
W7 a7 CMOS BURHAN, 3 X Ot o
T4 ¥V CMOS BB HA O )7 2 T, MEO
T =% T F v HFEORHANRT MVAERVLSIF v 7
DFFEEIT-> TN 5.

A Robust Feature-Vector Generation VLSI’ s
and their Application to Human-Like Image
Recognition

T. Shibata, Robert Grou, Zhu Hongbo,

N. Takahashi, S. Morikawa, T. Nakagawa,

Kim Hyun-soo, Sun Zhuoli, N. Yamashita

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. Okano, Y. Fukuoka, K. Yoshii,

Shin Seungho, P. Weerawardhana, T. Komori

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-
dimensional information from the object of interest
has also been developed. Since charge redistribution
among multiple 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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A Robust Human Figure Detection System

Using Directional-Edge-Based Image
Representations
T. Shibata, T. Miyoshi

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 nega-
tives". The objective in our approach is to try to mini-
mize the number of "false negatives", even it might
increase the number of "false positives". Our algo-
rithm 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 com-

plementary to PPED, have been developed. Using the
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multiple clue method with these three rep-resentations,
a very robust performance in face detection has been
achieved. We also developed a face identifica-tion sys-
tem in which a face image is treated as a two dimen-
sional sequence of partial images also represented by
directional edge-based vectors, thus showing a robust
identification performance under a variety of illumina-
tion conditions. Based on these achievements, a system
is now under development that is capable of localizing
human figures with varying poses under cluttered envi-

ronments.
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Moving Image Recognition System
T. Shibata, Hao Jia, M. Nishiyama, Bao, Ruihan

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).
developed which we call Self-Evaluating HMM.
With this new model, it is possible for a single Self-

For this purpose, a new HMM has been

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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LSI-MEMS integrated device by deep reactive
ion etching technology
Y. Mita, T. Sawamura, Y. Imai, Kim Jun Hyoung,
S. Morishita

Silicon deep nano-fabrication technology of struc-
tures having both electron-device-scale (10 um down
to less than 1um) lateral resolution and MEMS-scale
(more than 40um) 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 370 nm. 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 pla-
nar photodiode, (2) “Self-cut patterning method” 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 rub-
ber (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 per-
formance Ge MISFETs is the formation of MIS inter-
faces with high quality interface properties. We have
fabricated GeO,/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 1011 cm? order and that the interface state densi-
ties of the GeO,/Ge MOS capacitors on (100), (110),
(111) Ge substrates are almost same. We have also
found that GeON interfaces can be fabricated by ECR
plasma nitridation with the same interface properties as
the GeO,/Ge MOS.
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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 GeO,/Ge MOS interface with Dit of around 10%
cm?eV'. The front gate MOSFET exhibited around
3 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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llI-V compound semiconductor
Metal-Insulator-Semiconductor (MIS) FET

S. Takagi, M. Takenaka, M. Yokoyama, T. Hoshii,
T. Haimoto, S. Nakagawa, S. Kim

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 the III-V MOS interface, we have demonstrated the
InP MOS interface formed by ECR plasma nitridation.
It was found that the plasma nitridation can reduce
the hysteresis of the C-V characteristics. We have also
found that the well-performed InGaAs MOS interface
can be fabricated by the ECR plasma oxidation.
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Optimum design method for millimeter-wave
CMOS circuits
Minoru Fujishima, Yasuo Manzawa and

Youhei Natsukari.

Recently, high speed wireless communication is
required in both office and home. Millimeter-wave
(MMW) applications have been attracted much attention
for their use in ultrahigh-speed wireless communica-
tion utilizing the unlicensed 70GHz band near 60GHz.
However, design of circuits at MMW frequency tends
to be difficult because of large parasitic elements. To
prevent the degradation of a power line caused by such
parasitic elements, we proposed a new power line named
"'zero-ohm transmission line",and it successfully removed
the influences of the parasitics. We also found that a con-
ventional evaluation method may cause large error, and
proposed "Thru-Only de-embedding",a new evaluation
technique, to Solve the error. These methods are expect-

ed to realize accurate design of MMW CMOS circuits.
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Automated design of large signal circuits
Minoru Fujishima, Shunsuke Ohashi and

Seongwoong Lim,

The popularization of high-definition television and

high-speed digital electric household appliances has led

us to consider the needs for faster wireless communica-

tion. Recently, the millimeter-wave transceiver has been

attracting attention as a mean of high-speed wireless

communication and it is thought to be commercialized

PLEZ ) ZFIT, RAIGKEFTEERTH L IHIES in the near future. Since the product cycle of the gener- 213
REBIBT A AR HATYS, I al public electric household appliances has been short, =
TIZ, KEFHBOBITFLLLTT FIF Y ANT we thought that efficient design method will be neces- %
YALERREL, HEEFHIMAGAT RO 7 sary. Currently, we are working on automated design

ST AIMEN R SN SR, RETHEORY of large signal circuits such as oscillator and frequency Eﬂ
Wl ZNZRH LRGP ZREDL NI LR divider. We have proposed an analysis method "admit- %E
Higs. tance balance method" and considered how it could be =

implemented in automated design program. For the
future work, we will consider the adequacy of the pro-
posed method and aim to show the circuits designed by

automated design.
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Automated design and modeling of mixer

Minoru Fujishima and Sho Ohashi

Recently, the popularity of mobile phone and wire-
less LAN increase with the development of the wireless
communication, and the demands for the capability
and speed of the communication enlarge due to the
expansion of digital home electronics. The millimeter-
wave transceiver has been attention as a solution for
these issues, and its commercialization is thought to be
close at hand. However, it is necessary to design as we
expect to make accurate device modeling. Thus, we put
mixer in perspective of scattering parameter to make
the mixer model. So far, we have proposed the valua-
tion and measurement by the combination of known
mixer and unknown mixer and verify the adequacy of it.
In the future, we aim to realize the mixer by using auto-

mated design.
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150GHz Wireless Transceiver
Minoru Fujishima, Wasanthamal Badalawa,

Seongwoong Lim, Koichi Sato

The operating frequency of wireless communication
systems is shifting to 60GHz to maintain the seam-
less connection with 10Gbps ethernet wired LANs.
However, even in the 60GHz 1394 wireless network,
the data rate is limited to 1.6Gbps. Complex modula-
tion methods will be able to reach to a higher data rate
which also increases power consumption. A possible
method of achieving a high data rate with low power
consumption is to shift the operating frequency to
higher than 100GHz. Over the past decade, research
on integrated circuit designing using compound semi-
conductors is dominant in the frequency range above
100GHz. The rapid development of silicon based tech-
nologies has made it possible for CMOS circuits to
operate higher frequencies. The scaling down of the
gate length of CMOS devices could be able to achieve
the higher unit current-gain frequency (fT) and maxi-
mum oscillation frequency (fmax). To satisfy con-
sumer demands for ultrahigh-speed wireless commu-
nication, voltage controlled oscillators (VCOs) in the
D-band using CMOS; a 115GHz VCO with a 4.4 % tun-
ing range is realized. To improve the tuning range of

the VCO, the conventional varactors are removed and



the variation of the gate-drain capacitance in the cross-

coupled MOSFETSs with supply voltage is utilized.
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Compact Frequency Synthesizer for HDMI

Minoru Fujishima 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 which use injection locked.
we realized output frequency is 480MHz ~ 1.6GHz.
The compact frequency synthesizer with a wide tuning
range and low phase noise are currently studying by
using the proposed architecture and technique in this

research.
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Millimeter-wave transceiver for biomedical
sensors

Minoru Fujishima, Eriko Adachi and

Kyoya Takano

Recently, biomedical instrumentations using bio-
medical characteristics are applied for security sensors
and wireless medical body sensors in microwave band
(10GHz, 24GHz).

popular for newborn baby's bioinstrumentation. The 24

However, the wired sensors are

hour monitoring is enabled by making it wireless. And
the millimeter waveband (60GHz) realizes higher reso-
lution. Individual devices such as QVCO, PA, LNA, and
Mixer are designed now. Moreover, it aims to realize
small chip size, low cost, and low power consumption
using CMOS process. Connected parts of QVCO and
PA are scheduled to be improved in the future.
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Fe (Ferroelectric) -NAND Flash Memory

Takeuchi Lab. is developing a Fe-NAND flash mem-
ory with Sakai group at AIST. We proposed the world's
first Fe-NAND flash memory at NVSMW in 2008.
Fe-NAND is composed of ferroelectric field-effect tran-
sistors (FeFET) whose gate dielectric consists of a fer-
roelectric layer, SrBiTaO and a high-K dielectric layer,
HfAIO.

It is difficult to scale down the conventional floating-
gate (FG) NAND flash memories below 10nm due
to the serious interference with neighboring cells,
reduced electrons and the random telegraph noise. The
charge-trap memories like MONOS have short data
retention problems. Current-driven resistive switch-
ing memories such as MRAM, PRAM and RRAM are
unscalable below 10 nm because of the significant IR
drop of the bit-line.

On the other hand, Fe-NAND is voltage-driven and
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. Fe-NAND
can be programmed and erased as many as 100 million
cycles with a low program voltage of 6V, whereas the
conventional flash memory are programmed as low as
ten thousand cycles and the program voltage is as high
as 20V. Due to the voltage-driven, low-voltage and high-
reliability operation, Fe-NAND is expected to replace a
HDD at data centers to realize an environment-friendly
IT platform.

3 Rt LS| EIFERET DR

LST Z /AL - mfaelt - KLy 28l & L C,
A u7aty -4 A=Yy T S mEg-
DRAM:-7 7 v ¥ a XEY) % EHEBOLSIZ ED /3
F—UWICHAER, MMEOLSIE LTHESES3
RICLSI DI Z AT - TV E 3 (BT ZE TR -
B E TR L LR, HEROMFSE TIZ &M LSTIZ AL
LCmBfbdnF Lz, AFAEETIIRMLSIFO L

3D-LSI Circuit Design

Takeuchi Lab. is developing circuit technologies
of three dimensional LSIs where multiple LSIs such
as micro processors, image sensors, analog circuits,
DRAMSs and flash memories are stacked in one pack-
age. With an intelligent mix and match, various circuits
such as analog, digital and memory are best optimized.

As a result, an ultra small form factor, multi-functional,
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high-speed and low power consumption solution is real-
ized. As a demonstration of 3D-LSI, we successfully
developed a 3D-SSD, Solid-State Drive, which contains
flash memories, DRAMs and a flash memory control-
ler with SiP. At ISSCC 2009, we presented a boost con-
verter-based adaptive voltage generator for a 3D-SSD.
Through the circuit design, chip fabrication and chip
evaluation, we experimentally demonstrated that
the power consumption of the NAND flash memory
decreases by 70 % by dynamically controlling the fre-
quency and the duty cycle. We are working on this proj-
ect with Sakurai and Takamiya laboratory at University
of Tokyo.
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SSD (Solid-State Drive) System

In addition to the research on the circuit design and
the device, Takeuchi Lab. is working on the system
especially on a low-power high-speed SSD, Solid-State
Drive, system. As the capacity of NAND flash memo-
ries drastically increases, SSD that uses NAND as a
mass storage of PC and an enterprise server is attract-
ing much attention. SSD is composed of as many as 64
NAND flash memories, DRAMs and a NAND control-
ler. By co-designing NAND flash memory and NAND
controller circuits, we succeeded in best optimizing
both NAND and NAND controllers. As a result, at sub-
30nm generation, the SSD speed will be improved
by 150 % without a cost penalty or circuit noise. The
research results were presented at Symposium on VLSI
Circuits in 2008.
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3D Memory Device

As for a long-term fundamental research, targeting
a commercialization in 10 years, Takeuchi Lab. is mak-
ing a research on a new functional memory device.
By introducing unique materials such as multiferroic
materials as memory elements, tera-bit capacity new

functional memories are expected.
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