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VT Ay =T o= AN, RO, SHIEE, EBESSETENTHL. RS VS
— 7 x— AN EET 5 2Mray 7G5, KO, YTV TV s - 45 —7
= AREERITL 470y 7EFIZNERBICL Y 52605, AL vF F¥y . ol
Ry S BB AR EEOR DK ERBRE RS T F Oy AL v FINHT 2, SR gogogog |
Oy 27 74— FAV—DWELZHETL-DCAAL v FH A XORGELZFDLEZD 2D 2HHDOF v F2HMMEL 2. RAER B
DOWEZITV, ZOBEZIERL7-.

ERETHAR © 05 AL L, 1 AH K 5%EHY —JV © Cadence t: Virtuoso, Avanti #1: Star-HSPICE, Cadence #1: Dracula DRC,
Cadence tl: Diva FZ > X &% 10U F, 100 & HIEZ> 43I CMOS 1.2um 2.3mm i F v 78R . 7w s
(PLL, A-D/DC-DC I ¥ /)N—% 72 &)

AAYFRFvNVIBEREIY - 1 V=T —ADEE—FD 2
BRAXZFEFIEHRR NI EE, B2 BE

BIE © 50y, (i, nskpE, WsfESoRHEEORMCL b Tw b EgR it
YHOREHE, EREEA VY =7 2= ANEKEOEBEBIRLTAA v F PR X80 & Hiiiae
Wit v —7 2= ANEOBREEITo72. A V5 —T7 2 —ANEKIFA AL v F FF ¥ 8
¥ SIHNEZ AR T, Eh)Ebhv2Mflray 7G5 THET 5. g5
TINNIERA V& —7 2 — AWML I, SREPHECE TNV T 7 - 4
v =7z — AN, KU, SH N, EEEESZSETEN TS ERS V-T2 —
AW E BRI 2 27 a0y 255, KU, ¥TVF o TY) 07 - 4 5 —7 2 — Xl
TS A0y ZEBIINERBICE D 52505, AL v F FEy/8y 7 REIC al i
ooo JUIC

B AIEMESEREORD RELAERE L L7 Fa 7 AL v FIMT A2 70y 7 70— F  EEE]E]E Isjmy C]
AN =D B KT DDA, v FHA XORLLZFDLEZD 2D 2HHOF v 72 MMEL. AMERBEONE % 1TV,
O R L 72,

ERXETHARM © 05 AHLLLE, 1 AH K 5%EHY —JV © Cadence#l Virtuoso, Avanti ¥t Star-HSPICE, Cadence #1: Dracula DRC,
Cadence t: Diva FZ > X 4% 100k, 100Ki HIEZ> 1+ +&3I CMOS 1.2um 2.3mm fj  F v 78R . 707
(PLL, A-DIDC-DC I v /)x—% 7 &)



CMOS AL v F=5—0D55EET <:)
BRAAZEFIEMEFR DI EE E2 R
BE 7 u 7B REE RSB W TERE— M5 MR E2EH S N5 I1Ikv, 75
TEFEEDOEAERFZE S DL OTHEH LY FIF—DRTHEIHLAKEL ko
TwWh., 22T, BEOBFUEIIHVGZ ERTE DR, SHEOHIL YIS
—%2FEBT L0, ¥, ERNLECMOSHL Y M I 5—0RMEETo72. RIEF Y
TIEENZEN NMOS & pMOSHER DR ALV NI F—, T4 VYV - HL Vb3 T
—, WRAY AV Y ALY NI T=DEENTND, T, YAV Y AL YRS
—, LEMY ANV Y ALY I T—DOBFMEFEICELLE—2 2HIEL, 75
yF&%ﬁ%%étb@ﬁ&ﬁﬁﬁﬁbyb:“—%ﬂ%v7LV$ﬁéht.ﬁﬁ%y
TOHALYFIT—OMRAEL, YIalb—va VERERKL . |
SXETEARY : OSAHUL 1 NH £ §%EtY —JV . Cadence #l: Virtuoso, Avanti ¥ Star-HSPICE, Cadenceﬁ Dracula DRC,

Cadencett Diva bZ > X &% 100k, 100 £ HEZ> 4 »+€3I CMOS 1.2um 2.3mm 4 F v Ji@5 . 7r-ua s
(PLL, A-D/DC-DC I ¥/ N—% 7 %)

CMOS ALY b « AT DRE
BRAZFEFIXHRA &R E DI ESX EEER
BIE  HILE— METRBOEAMEZE T THLE_MRAAL Y - a>x7 (CCII)
&, BIRE— FMESUHII BT 2 MRS L LT EMNT SN 5. 4hBlo CC Il oiks!
1%, BHEADICERE, EREF»SWENL T2, BRANICABHE Ty v a7 N
BERAVIERE L, BEANET, BRANET, BRBIETO=WT L, N T A
BROT-OOBMATIMG T2 MBAMTIEFE Lz, PI2b—2a iliigoni:
CC Il OVEREDS, EBDIC THLHONLINE ) »EMRT 57205 L7z, Hspice 2 &
5y Ialb—varihe, BMELZICOMERHLED, ZIT—FTHERPME SN
SE Xk . Roubik Gregorian, Gabor C. Temes: Analog MOS Integrated Circuits for Signal
Processing, New York: John Wiley & Sons, 1986 &%&5t#3f : 0.1 AHLLE, 0.5 AH K L miwi=i.
RETV—IL Cadenceﬁ Virtuoso, Avanti #1: Star-HSPICE, Cadence 1 Dracula DRC, Cadencei‘i Diva I~ 7//29?5{ YLk,
100 Kj BEZ > A kI CcMOSL2um23mm g Fy TR L TS U ST Y s MEGLE T Ok v ¥

BAAAE=F VX ABRCMOS ALV b « AUNT DEET
BEAYEFIFWEAR AR B, I EE, E2 e

BE SFcogE i - arxy (CCI) I, BRANBTICBIFLA VK
=¥ AN EL, BRANWTFEBLEANEFHROF 72y MEED RKE WD HAHY
BEEFEIG LNV E W) EESH L. 22 THEO CC I, BEAICT 1 —
RNy 7 HE% %2 F 72 2B 2% (folded cascode op-amp), & B 5K 5 /54 7 X B,
WIMATNCABHRT v ¥ 2 7IVE:, & L CMEIETE TR L7z, ARBA DT, &
JEADMT, BRADMT, BREDBTOZHT-L, N4 7 ABRO2ODOBFEA TN
T, WA TABEDZOOTBEANGT TH A, ¥YIal—va iliyfEonizrL v
b I URTOWEED, FEEOICTHIHRONE L) »EMHERET D 7-0REL 7.
SEX# © Roubik Gregorian, Gabor C. Temes: Analog MOS Integrated Circuits for Signal O 1l r
Processing, New York: John Wiley & Sons, 1986 &%&HHAR : 0.0 AHDLE, 05 AH &G §%EHY —JL . Cadence H: V|rtuoso, Avanti
1 Star-HSPICE, Cadence fl: Dracula DRC, Cadenceft Diva k> > X &% 101, 100K HEZ> 1 4 v+ 3 CMOS
12um23mm £y Fy TR L 7 u STV VE SR T O v




Rail-to-Rail AB % CMOS AL b « A7 DEEEt
BEAZEFIZMRA EBRE, NI EE, &2 e
BIZ | Bt — MEGLHEORNEE, MEEIETIEWI A FIv 7Ly IUDPRLNL T
LiZHD. Lt T, TOERBHEFET L LTOCCIINICH Rail-to-Rail » AH BT
WPAATER SN, &SI AMITRTIC AB #& Rail-to-Rail # 5 2 LT, KEHE
EM’EHT BWTH, TEHRHVRKELINKEZR/RLEIENTELHBL L Lo TWVA.
S T4 CC I, B A Rail-to-Rail TR T % 72 @ DM Nch, Pch 7B A
ﬁ&,amlﬁhAB&7//17W&,%mS?—,%ﬁﬁﬁ,&Uﬁﬁﬁ%%?ﬁ&
L7z, SHBAM NG F1&, WA, HRADET, HEREmFo=m- &, NA
7X%ﬁ®tb@%ﬁlﬁﬁ?f%é YIialb—VvariZiyfEohiAL b ay
N7 OWREDS, EBEOIC THHONE 2 &) &R T 5720 EL7-. mjufim 1L |
ZEXE . Roubik Gregorian, Gabor C. Temes: Analog MOS Integrated Circuits for Signal Processing, New Y ork: John Wiley & Sons, 1986
EYETHAR - 04 AHLLE, 05 AH &K E&EtY —JU @ Cadence t: Virtuoso, Avanti #1 Star-HSPICE, Cadence #I: Dracula DRC,
Cadencetl: Diva FZ> 2 Z4% : 10D F, 100 %Ki HEZ> 4+ 3 CMOS12um 2.3mm i Fv 7R : 7 u7/57Y
VAR T Tt v

Self Bias Circuit Z8AULUc—RTIv IRty FI—I DR
BERTTRE RS TS Kariyawasam Amal Bandula, *i# %

BIE © fla, SR, ACEHlE, 2 LMoLy, HEdfor vy VEHRER
HMLTWwBEEZ N TWD, A 1E, TN T TICHBEO BRI %0, =
v VMBS v 7 ORE L ToERME Lz AATE 4 [1]. LaL, KEAIRRIZY
725 MOS b7 YIRS O — MNEIEE, BREIZIN U TN 5T 2 LD H - 7-.
COMEEZBPT H720, FOMOS T Y I AYDFyr— BT HEHM§ o2 A
T 5 M (Self BiasCircuit) %3EA L7z, £HOFIETIL, $2% L7 Saf Bias Circuit & &
ANL7ZZHATZ 17 8% —RICICES Ly YAy b —2 2%t L2, T2, F
v FNE ARy N =7 BT A REARNEED TEG D&, TNLDTEGEZHWTZED
AR AR T L L DI, ~RITAy VT =27 OIREFNET 5. stnjujuiesjujejejnye)s
SEXE . (1] 5T, K&, &k, IHE, WE, Kk RIS R 2 A5 5 T v TR O 4Rtk L ﬁ?&ﬁ
Vol. 99, No. 686, pp. 213-220, 2000. EXET#AR @ 0.1 AHLLE, 05 AH K §%EtY —JU | Cadence f Virtuoso, Avanti t Star-
HSPICE, Cadencetl DraculaDRC +Z > X &% : 100 LI E, 1,000 ki #HEZ> : + ¥+ 3I CMOS 1.2um 2.3mmfi Fv 7
B A A=V AT— PR UH

—RuhEEREHERERY FT—I DE

EREEMREAFETEE XA Hih, KiF B

BIE | 41, AROBUELRIHEAET 2 7 ER R X il o2 283 % &~
v NI =7 ORELZOT Fu SERNEILET o CTE 7z (1. FrERIEE) X iR
ML, ZOBHRIGE DKL L2 HEREZ A5 5. — MBI, BRIRZSEIZES
FZA L CEBEMOEERETH Y, IS ) JFFTEE D22 2 BRI ThbR
TWh., 2y b7—=213, Miller 88 % LI X 2 FEFROMALICEHL, Av— %
T a S EEIC L > TEIELZ. SHOBRIMETIE, Lk mEgo AR 2 BEEd % 720
—RITEDA Y b T =2 &&kit L, 72, Fo AL, Ay T — 2 2T B AR
DTEG L&Dz, TNSHD TEG # HWTEDIAKREEZ AT S L L LI, HETRD
—RICOBE T EH 2y VT —7 OB rMET 5.

sE3m . (1] K# HuL, Wl S, TER A%, S 3, I M=, R B, fﬁm ﬁﬁ%%OﬁémmW%ﬁﬁ
ETFNOT Fu S ERNEL, %m@aﬁﬁ%ﬂ%kA-%m@E$Wﬁ@%¢ K& K&, Wik, 0-210, p301,
2000. EXETHARE © 0.1 AHDLL, 05 AH K 5%EFY —JU  Cadence fl Virtuoso, Avanti ﬁ Star-HSPICE, Cadence #: Dracula
DRC +Z>TZX&%: 100 LLE, 1,000 K F|HIEZ> 4+ 3 CMOS 1.2um 23mm A Fy TR A A=V VA~
— MY




N\ T

MIREREICR AR E R F v T DERET J::)
EERMPIEAEIES WH =, KiE =
BEE ML, BT AERTH AL A 27OV 255 %2 % ) TR =212k
b, FHERCIE, SN, K, L0 Cmiiiicky, HEdgozy D
WMEMB LTV LEZ NG, T2, WHEIKTIE, 7270 JMilck ), BENSRO
FEEREMBLTVEEEZONL. TNET, Fx 3V & NHEEORREICSFA T
Iy VM EAT) SRGHEEF v 7B X OB E R 2T — ROt v TERREL, %
REOgL L C &7z, =y V15D S8 SR E LT 2 NlERED 7 - 1 7 B hEL
ZBWT, ZOREIZEHOREEORLL 207~ 7)) YHIlRTH 5. SHIORNET
u,%%ﬁm%b%ﬁTéﬂm&E%kﬁélﬁé&%&%ﬁ?éﬂ%ﬁ@%%#ALf
TRITEEEMRIB Ty TREEI L. Fy T ELEEE LT 6 x 6 s EIE
% & PRI N i A — ROTERE L 7-.
EXETHART © 04 AHLLE, 05 AH K %5t —JU © Cadence#k: Virtuoso, Avanti #l: Star-HSPICE, Cadence I DraculaDRC k5
U A% 1,000 BLLE, 10,000 K HIET > 0 A kI CMOS 1.2um 2.3mm A FyTER 4 A -V UF/AT— LY
VH-

EFOYBRAREEBICREAEYFOERERE#EEED 7 >0 J KEER(L
BRI RERFETEE FRE A, KiE Bif

BIE | AR MBI D, WROBELZMINT 282 EIN T4y P T -2 D
REL ZOERBABILERATE 2 [1]. Ny ¥R EOHER T, H2ETaioHEE iz
PO SN LWMGEORE S BB B XL OZFONKEEOHERD HWIROEE 2 LT
WA, BRELAY NT— 2 TIE, BRGEONRHEEEZ, BEEOL Y VOB, S
R oNb., GOy VORE L REZIOHEHRNS, by M7 =732 HE$
%, SROEETIE, Rl LBy YT =27 2 WGET 5720, —KILA Y MU —
ZREEI Lz, 72, Fo I Ay MU =2 2T AARNEKEO TEG b &H7z. |
EF v 7OWMETIE, FREARMBOEELMIET 5L LI, — KLty b7 —27 OFakR p
I RE % BEAS 2. D oooopoooog. o
SEXE - (1] W, K4, ILH, S, H, oRkE, CRBROBERIEA ZZYAROET 2 MUAT 2 48T, 4 23 [0l B A
FERHARS - 56 10 I B ARIRR A2y AR S, #WERdE, O-212, p302, 2000.

SXETHARY © 01 AHBLE, 05 AH ARG 85tV —JU © Cadence fl: Virtuoso, Avanti 11 Star-HSPICE, Cadence #t: DraculaDRC k5
I ZAE 0 100 LLE, 1,000 Kii BHETL I CMOS12um2.3mm i FyTER A XA -V U/ AT — bR UY

=lzg

0
[
g
(]
|
o
]
|
O

=taE CMOS EBEEOEg

BB KFTHEE &7 =, WBHB6A, XEREER

BIE . A/D, DIA I Y N—=% DT 1 7 BIEICAT] K % SO g B K (RiEEE
) % CMOS /81 ZIZ & - CTHEILT 57200 TEG (Test Element Group) % %7l L 7z.
P DEIFEE S L OTEEHPACTHUUMED S OZEBIH = 1% UNOEBEREZHLZ L %
HEEE LTwa, HEEHRIENY FE Yy y 7HOBEHZEMNLTB Y, fERoREETIX
NWELL Ptz fEH LT\ 725 % NMOS 12 i 2 5 2 L2 X o TRIKE R = #9155
2T 22 ENMEKL. £/, TONMOSOTX— 122y bu— V3562 EI2L57T,
NMOS O F VIPLZ FICHHE L T b, TORE, NWELL EIt2 A LzMEk L ) b &
WCHDBEEOLH M2 5 2 E3TE, B tsPfrsns. 72, WHBEIMLDHE |
BRCFEHL T b, SMERET L& ME LR, 2R 2 [ EE 2 i L, (3 |
IZHEEE B ) ORI SNz, S, BICERHEORELE O N5 BEERICOWTHRHET 2 FETH 5.

SRETHARE © 2 AHLLE, 3 AH ARG E&StY —JL : Cadence#l: Virtuoso, Avanti I Star-HSPICE, Cadence*l: Dracula DRC k3>
TZA% 0 100LLE, 1,000 K HEF A B3I CMOS12um23mm A F v TR 0 TEG CERYEEHmim s 7 &)




EERES SUEIR/INA 7 ARELDE

BRI KZETEE ¥FH 738, KSR &, #AH B6h

BIE . LS o ERLICEy, NMEO@EELIZEBRLTELD 00, 207D FEIC
% OERBYEIRALEE L 2 ), ESHb L EHEE LI T 28 E o T, £2
<, MBS OBIEI & FREIE 2 BE L, B0 A 7 AREIIT 5 2 & CHEC Ry, ST
I BB R EBTE 2 L) Y AT AIDVTORE 21772, ZOF v JEmmo g -pommm
T, LS| O EES) - BRI KB 5720 0B A 7 ARAENEE, 2
VB B BRBORG 2T -7, ZOF v TOFREHSIEERETH Y, MERLEREE
JEOZETNR L TRER D% HIF L7z, SMaEt L2 BimEE, o432 2 M
DBIMDESH LD ETEENSEZBMMBAENCEIRIE Lz, T/, BHANAT R
FEEREEIZOWTIE, AR E L EBIMIED S F8E U -EH & @% oM &% i b Eit &
R L, ZOESZEBNA T AL > THRLETIEDTE S L) REBILBEIER NN, 7 A5 LR E L.

ERXETHARM © 05 AALLLE, 1 AH K 5%EHY —JV © Cadence #1: Virtuoso, Avanti ¥t Star-HSPICE, Cadence #1: Dracula DRC,
Cadenceft Diva 5> T Z4%: 10 E, 100 ki HEZ> © + v+ 3 CMOS1.2um 2.3mm f  F v 78R . TEG (¢
fili T3 7 &)

- S Am B[ - Hh |

BRI AZTEE L[ E, LHBE KSRES

BIE  RFEEKICBWCHFICELZLZHE T THEA ¥ 7 ¥ % CMOS T/34 A THE
B3 57200 TEG (Test Element Group) % #%&l L7z, F v 7OREEIZ M=% 3.5 DIEH
oAt 5y 5, S A5 DIEFEDAL ¥ 527 %, [iEtk 35 DIEHEO n +ILHE
V=W EREDAL VT Y, MEH35ONAEOAL Y57 Y, M35 DIEFETT
VIBRE DO AR=ZABIENA Y F 2 R EDPBBELTH L. TNHDL ¥ 57 Fidf
ZLLTHb. L, FLETA Y5772 LEEAIIE@ERE TR X 512
NBDEBOERIZE D, TNV OIS NHOEELT G OEIABO TREL 2 D720T
HbH. FOROERN G FVTFA T 7Y =DBTNRb. LEFoT, HE0af v E
FHTAZEDRUETHD. T2, A V7 8 RBERT Ny NP -T2 &% 5T
WL LD, Ny FHZTVIBEHTYa— LR ESRELHKRE > Twb. 4 V¥ 7 7O, BEHIE BEEBIZXLS
VB A E L, AR 21T .

ERETHAR : 2 AHLLE, 3 AH KRG E&REtY —JU . Cadence fl Virtuoso, Avanti 11 Star-HSPICE, Cadence £t Dracula DRC, k<5 >
TAA%10UE, 100K HEFL A B3I CMOSL2um23mm i F v TR 0 TEG (RRMEEHmm s 7 &)

t 1 —XEiE%ZE AL ES LR EEE DS E

REIEXFEXRFREIZEMRFH SR XE, BEHEE

BIE W7 — 7 ICH5IN2E 2 HBE LoD, MBOT Yy VERFTLILEOTE LN
Bo—or LT a—XRERAMSNTVE., KF v 7 TlE, ba—XNEEE g
LB O BERERE HE L, BMEEfT-oTwb. b a— XA 2o MOS-
FET & 1ORIEA ¥ ¥ —% v A2 M, I L DKL Tws. R4
119 729, KEFEMOEE v 2 — XML &2 BMICHER LG, Thfhot 2 — XE
PEPNCENET B &, METOBREIMTONT, BICREIMELDZ L WHIBRI Y I 2L —
Ya vk WHRENS. Z0kD, FEOR 2 — XEEOFIEEK L LA L, FkC
ta— ARBHRF 7IREE 25 XHICHIBT L2 L1ck Y, MEAKIRT 2 LA HwT
W5, DOREmEEEE
EXETHAR : 05 AH UL E, 1 AH K 5%EHY —JU @ Cadence fl: Virtuoso, Avanti #1: Star-HSPICE k> >3 X &% : 100 DL L,
1,000 K4 HIEZ> 1 A k&3 CMOS12um23mmfy Fy TR I 4 A=V VP AT— Y




BAI—L— NEEIBIESRDRE <j)
RREIEXRFAZRETZHER BARE, BHF G4

BEE | HRBMIESR O AV — L — ME— RIS ATTBEOZETR % 354 7 AT 5% 720 D& & i
EHAERICESTHRFS>TWAD., ik, BANV—L— M2 ERTLLOO0FFELELT, =
DINA T ARG E, ANEZISCTH#ET 2 FErmehTnws, LarL, TORET
&, AV—L—1rone &bz, HEBENDHIMNT S, ZoOMBEIIHLT, Fridd:y
WY FVAINFTIAXYZHNTANL—L— b 2EDLTERIREL TS, 20X %
RY T VARNF T T4 XL, HEMIESISEFEEEL T b & SIS/ oK
BEELTHE, KEBADESIMbo72E X1E, TOMOERMEIZEY, NERNA
T ABBTOTARELLEBEREI S ONDL. KF v 7T TlE, ZOAV—L— i LOT
BEOTEMERERT B0, FANRV Y VARV FTIANBIIF Y RV Y VAR LT
75 A X OEEE IS S 720 Ol & AR A ZZEARIERS 2 R L Tw 5.
ERSTHARS : 05 AALLLE, 1 AARI E%5tY —JU  Cadencett: Virtuoso, Avanti # Star-HSPICE b5 > X &% 1011, 100
X #HEZL A+ 3 CMOS12um23mm s Fo TR D 75102 (PLL, A-D/IDC-DC I v /8—% 7 &)

4 i SD HEMERICBIFH=—1—0O MOSFET ©70—7 « VI EEDHEI
REAZEIYE SHEX, AT K, A+ &9, #L £

BIE ATy 7IELEVHBEZEHTELZRFTHS =2 -0 MOSA N —% & Hwn
LAY E#R L. SO —1a Y MOSFET # HwhiE, 7a—54 v 77
— MRIZBWT, BWOMEEYLWNL. ZhzfH$T5Z 12X, 45 SD SR
REOHFE2ITo T b, 4 SDHEMAHO LA T MIBWwTE, 70—741 Y7
F=bOEOLEENKEL LT, LA T Y MARKOWHNZ 2> Tnb., T0k, 7
O—5 4 Y 77— MRO®FIEITI) LI oT, LA 77 MNAKOHI/NER > TW5.
LEOF v TRETIE, LEWVEORZSZ =2 -0 MOSA Y N— 8 S%0FETF2IERL,
ZOFETFOBHELBEEL TV 5.

SEXNE | EEE, SWK, APEN, (438 SDBAEMFERICBIT S =2 -1 Y MOS- SEEE
FET D70 —7 4 ¥ 77— MAKOM/N ERFEEmWLRE, Vol.121-C, No.12, pp. 1926-1933 (2001-12)  £%ETH#AR : 0.1 AH DL
L, 05 AA K §&EHY —JV : Cadence ft Virtuoso, Avanti ft Star-HSPICE b5 > 2 X 4% 10Dk, 100 Ki§ HEF> !
4 &I CMOS12um2.3mm fi  Fv TR | MK GRS, B L)

D/A B33 TEG BLUFNT7 VT TEG

TERYAFRETYHRR  HEHEE, AHEA, fFEX

BE  BEOETUEE LT 52004 XT v 78 XU DAC O IR % 5Hli 3 %
72D TEG e L7z, WiFE, 2BMROART v 7L BhoTHED, L, WORKEHMHEIC
HEOEHSPICEY I 2 b= 3 Y #4T- MR TIX, w 0=5MHz, Ao=67dB, PM=45,
CMRR=700B 7% & Ol 13T 575, FEIEZ KL TINS5 ORUEEMETT 5. &
T, NREABELMS CLERQTICES, BREWIBZ N EHRATLLEL, &
WAA v F, NAF)a—F - WmEEFT— P2 (NAND i), B XU h o 28
L7z DAC (3E v M, 1LSB=15uA) %ikat LWL 72, 4%, ZOERAAL v F%
PFIRRL, TWVY ¥ 7 ERGOTME L THHT2TETH 5.

BEXH | R. Jacob Baker, Harry W. Li, David E. Boyce “CMOS CIRCUIT DESIGN, LAY-  SSSmu

OUT, AND SIMULATION,” |IEEE PRESS, New Y ork, 1998.

ERETHARE : 2 AHDLE, 3 AH K §%EFY —JU @ Cadence f Virtuoso, Avanti #1 Star-HSPICE, Cadence # Dracula LVS, Cadence
#+ Dracula DRC, Cadencetk Diva FZ > X4%: 10Dk, 100K HEZ> 4+ 43I CMOS 1.2um 23mmfy Fv &
Bl :7Fu12 (PLL, A-D/IDC-DC I ¥ /)N—% 7 &)




ALY F by IV Y EROEEDHE (5)
BRABENIESEEMIREHREEITEH  KH BB
RAENIESEEFMERERIEH IO

BIE . XA v F MR 3 v S BRENEOBME (3) LIZMET, ME (3) LodEwnid,
4.8mm D% 2.3mm AN E 2 L )12, WHEHT S MOSOKEZHS L, T —A4
vy FOWME/NS Lz, 3fE (3 LFBRIC, 7uy s @RI/ EE2SMZ % 2¢
v NOEFIZLY, suy sgAENBTEON Uy 2%, Y7552 ET, AJIM
WCHEFNZEEDS 2 F v 8y F B E MDANICEFNICER D F v 8 8 (1~3) 2 HHICE
ItCT& 5. 20D, 3L 3GEEFT7THEYOARELZ TS TVIEZ LN,
BB, Fyovy AT THEE TS X I LA WME 3 LTI LT, F
v THifg L5 N5 MBI OBRER ST 5. : = |
ERSTHARS © 05 AALLL, 1 AARG 5%EHY —JU @ Sl 4 SX9000, Avanti #t Star-HSPICE, Cadenceﬁ: Dracula DRC, Cadenceﬁ:
Analog Artist FZ 2T X% 1,000 LA L, 10,000 ki BIEF > 4 LI CMOS 1.2um 2.3mmfy Fy TR 7w s
(PLL, A-D/DC-DC I ¥ /N—% 7z &)

ALY F by INY Y EROEEDHE (6)
BRAENIESEFMEREHREEIEH  KH BB
BABHIESSEMERERIEH IO

BIE 24 v F MRy Y YEBEEORIE (5) THHTZ87 —Z4 v F DRk % W]
ST 5720, FXANVBERHBBLOHN—F) Y72 0nA20nAZEZTCLA T Y b
L7z, BARBIZIE, 23mm MAICE S X912, RO 4FFHOMEETAL v F 2K L
7z F ¥ A VIE 32um @ MOS % 744 37N He, 64um O % 372 fBNEFY, 128um D %
1000 fEEFN e, B & U8 256um O % 212 AMHI AL L7z, ¥ I 2L —2 3 Y B L OEN
ZEoT, Fv 7HBEP RN LHMEEERD. T2, WHIEOENILLAAL v
F U0 REL WA BIZ, yay 23RN, oy yEREE, FET NS4
JNIH] i A BN FCEE LT, 45 HRO KR & MeGE L 7. :
ERSTHARS © 05 AALLLE, 1 AARGE 5%EFY —JL : Sl # SX9000, Avanti ft Star-HSPICE, Cadmceﬁ Dracula DRC, Cadenceﬁ
Analog Artist FZ Y Z4%: 1,000 PL L, 10,000 Kiii FHMEZ > 14 v I CMOS 1.2um 23mm fy F v TR 7S u s
(PLL, A-D/DC-DC I ¥ /X—% 72 &)

ALY F by IV Y EROEEDHE (3)
RABHIESEFEMEREREEIEH KH B
BRAENIESEEFMERERIYH IO

BIE A4 v F b F vy Y YERIRORE (D LIZIEFKT, 87 —24 vF (1214#)
Xy sy (4f) ZEELT, VY7 DCDC Iy N—%&ikit Lz, £/87—X
4y FEERA VI 05 QIR D X9, F ¥ R IVIE 64um O MOS % 2000 36411 # 5
LTwb., ifE (D (2 Lo@Ewnid, & THREBRCHBEEZER LT, 7avy 7 5En
B, oy y@ERREE, FET NS4 NMEZETHKELTVS. 70y 7 Bkt
WRSME L2y FOEFICLY, zay rgkREcEshizray 2%, Y7
HZ LT, AJTHNCEANCEED S % v 8y S e BT NC BN Bl 2 F vy 8 75 (1
~3) HHIZEALTES., 20D, U315 3/MEIT7TEYDRBEEREZ O rI<
TIWIZEZ NS,

EXETHARE : 05 AHBLE, 1 AH K %5ty —JU ¢ Sl #1 SX9000, Avanti #: Star-HSPICE, Cadence #: Dracula DRC, Cadence %l
Andog Artiss bZ Y X 4% 10,000 P4 I, 100,000 & FET > : & v I CMOS L2um 4.8mm fi F v TR . 7 u s
(PLL, A-D/IDC-DC I ¥ /N—% 72 &)




\ 2\

21 v F b0 Iy S BREBEORIE (4\0
BATRTESSEMYRBEREEISR AH —8
RABNIESEENERERIEH IO

BIE 24 v F M F vy 8 s BREOEORE ) THHT LT —A4 v FOFEE I
ST 720, FrANMBERTHMBIOT—F) v Z720nANAEZTLA T ML
7o BARIIZIE, Aot VIRPIAT 05 QIC7% A £ ) RO SHEHOMEETAAL v F 2Rk
L7z. F % % JVIE 32um & MOS % 4000 {35146, 64um @ % 2000 f#iE51], 128um O
% 1000 fiE 3414 45¢, 256pm @ % 500 fENESI 4R, 45 & OF 512um D % 240 fE NG5 HEe L 72,
YIal—varBIPENIEST, Fv THESRNMNZMEE 2R, T2,
WHEDBENL DAL v F v FRHEOREOIRIz, B, S0 8, savy 734
W, 7oy 7 Efng, FET M4 Nhis BAICRLE U<, KHEAROR % BREEL
7z.

EXETHARS © 05 AHDLE, 1 AHKG %5tV —Jb @ Sl 4k SX9000, Avanti fl: Star-HSPICE, Cadence fl: Dracula DRC, Cadence fl:
Andog Artist b5 > Y X &% 10,000 P I, 100,000 FKi  HIET > 0 4 &I CMOS L2um 48mm fi  F v TEER 7w s
(PLL, A-D/DC-DC I ¥ /N\—% 72 &)

HE{EXEY (32KBit)

ERAZTHY BE REE

BEE LA X ) ORI OF v T ThbH., MELHE L IZFRTTELT
7 ALK D 2 DODEE L IIREEZ FOFEEE LI, HIIFEOBELSIVAEZEHNT %
CEWREoT 2o REMZHBICERT LI ENTELHTFTHSL. D 2O0DIRE
ZEHIME T0) & 1) 124 TROBIEICESTAEY ELTHHETAIENTES, &
DF v F&, TOREEFNLME AT 2802 L CRIEERE 21T, X —Fa—7,
AEYERN, RVAT VT, Y —FTA-FEE1ODOF v TICEELIZLOTHY
KBt HYD AEY) &4 D, TOF v I, 6FEILELELANVIFF A FEEKE D L
POMIL, BETAHILICE ST, ANaFFA FEEALZDGEAE LTHIH L7
TALXE) 2% 5.

EXETHART : 05 AHLLE, 1 AA KM §%EHY —JU © Cadence #: Virtuoso, Avanti ft: Star-HSPICE, Cadence fI: Dracula LVS,

Cadence ft: Dracula DRC, Cadence ft Diva k2> X &% : 10,000 LA E, 100,000 Kiii #HEF> 4+ >+ 3 CMOS 1.2um
48mm . F v TR AEY

ISAIVIT « SANUYSIF7FOS/3 BIN—ET bOV7FOJEE
BERERERTIFMER H#REZ

BIE ATy 7RG FNBEEERE TR S L) ICHREF Sz, 3016 / — F5iliin
FGAEN 7 TR yNEE, AE 10— F, diE 10/ —F, HEs5 /-
FO3@NN— 7 ba B THEINTWES., 27955 ) 7 - 55X v 7k,
VMOS & V72 UEREE L C~Y M) 7 295400, &M 1AOFENOEH IR
B A B, F v TOREGH 30 KICX 16 J — FOFYEREI G5, £z, 38—
L7 hu g, CY M) AN 2BER- MR LTBY, 255 L UEAEY
ABEEITH). CT MY 7 AFF Ty~ MY 7 ZARIZER, OPT7 v 7R DHRIF M
WExELTWwab, BfEIE vMOS LKk, 7YV F v —T L ETHA 2 VYRS, C< b
V7 ZAFATHRES & R ECH & BRI CAT ) AR TH B. : o e
ERETHAR : 2 AHDLE, 3 AH R §%EHY —JV © Cadence tt Verilog-XL, Avanti ¥ Apollo, SII & SX9000, Avanti i Star-
HSPICE, Cadenceft Dracula LVS, Cadencetk DraculaDRC kZ> 2 X4%{: 10,000 2L 1, 100,000 K HEZF> 4+ €3
CMOS1.2um4.8mm fj F v 7HRl . 7 a7V I VEFRE T O v

1
oq 1k



11TV YT BEEEES CMOS A X—J VY
EEMIAKRFXRZRIEHFZWER  EH B, TX£C

BIE © CMOS A X — Tt Y IS E ), ZHRBILICHISTE 2720 S NBY
TEHLBERERE 2 H o728 Y g Ty TOBEANEIE TH 5. AWFZETIE, HEOREL
KB L CEMME AR o727 4 vy ) 7B R, €Y a v F v T OGN 21T - 7.
RETHEBETIX, FREEEALLDYS 8EHEE TOMEDOEN 7 4 VYU EITH . %
WML, SBBEE (74 bFA A —F) L EAGIEMNE GEEIES) oMKk Ih
TWwa, BIROETH ENMFMEICESSITE LT, 8EHEOMAEHE TIMMES 2 2
ET, TANT) YT EBEBT S, 74 V5 ) Y TRBICH WA FRL —F1E, B
FIEEANATIT L7V A X > TRRET 5.

ERETHAM 0 1 AALLE, 2 AH KGN §%EHY —JV © Cadence t Virtuoso, Cadence ft:
Dracula LVS, Cadence f1: Dracula DRC, Cadence #L: Diva, Cadence #: Analog Artist b 5‘//3(9?5( 10,000 2L 1=, 100,000 i
HEZ> v eMOS12um4asmm i FyTRERI A A—T L VAT — bR VY

7FraJenF«oJ0vo TEG PRSI PR g
WX THWER i ES BLER FES B2 | % .
BIE . 7Fus78AVTq vy 7 7ay 7 TEG ORMENFE>E0@E). (1) FyAVvE
1.2um, 4.8um, 12um, F % & IVIE 1.2um, 4.8um, 12um ® 9 fil® nMOS & pMOS, I E
Yeybhud FEHEHO N YIRS T L= (2 RAANTAYTa YOI TITAFITE
DAER L CABEF 72y ME ImV DUTICTE 2 Ao Ny 7 7 . (3) Fx
FNVEROFEERMTELMEM SH . 7F a7 ENVT 1 ¥ 770y 7 TEG IERD
R CTAH I L2 HMELTWS. (1) ESPICEDL ANV 3DEFNINTG XA —FH
WEEOZE. (2) 3L EHE T2 7+ a7 MOS ORBEIZH T A7, (3) d/mEm
SH I8 O EREEEALIC B 3 298 4512, (2) 12DV TIEEHili 2 4% 7 L 7.

SE3H - Rui Ito and Takeshi Shima, “Some analog building blocks for TFT circuits,” Proc.of
44th IEEE MWSCAS, OH, Aug., pp. 417-421, 2001.

EXETHAR : 5 AHLLE, 6 A K  §%EHY —JV . Cadence f Virtuoso, Cadence ft Dracula LVS, Cadence ft Dracula DRC,
Cadence fl: Diva, Cadencefl: Analog Artist ~Z > X &% 100 DLE, 1,000 44 HIEZ> 4>+ 3 CMOS 1.2um 4.8mm £
F v 7EER 0 TEG (RRIERFAMIN 3% 74 &)

#3515 v RO JEEIL—% Recover-x

FEHEXREXERIZHRS  @KH ¥R

BERBEXREXRERERS AT LEWRR FXEB

FEE KFE T 1H e, XFE &%, K5 HE

BE . BYIFEROMERSEH, FCX y b= VERICHVSRE V=213, /— FHE®
AR OV TIE Y AT AMREOH L 2 2 EEAERTH L. IREMEREN Lo 720121,
By 7 A v b — VRIRRINZAT ) WSV —F 1 Y I HBELTH B, [Ty Fay o
DHEERERTVIENH L. 22 THAIL, TOMEOBERKE LT, Ty Fuv s
OB - BEOBEEZ D, BARON—FY 2 7RBTT Y Fay 72 5EET S, i)
7w Py 7NV —% Recover-x ELTWb. ZOFEILEDZD, 4h, iz
fihL7z7a by 47 - Fu 72F8MEL. METERETIEE Y MIE32, K/ —F - —
1024 TH - 72, dMEF v 7O Y HEHIR? S €y MiE 4, mk/—bﬁmkbfﬁ%&% %1%;7 -

2EIIHY 504K, IR REMWERWEEIL 527MHZ Ll D SN TWw b, T AFIZLBMEIIAT> T,

SEIE A, FHok, B, KEE B WHF v Fa v ZEfEV— % Recover-x @ LSIME", 1E4:H#, 1CD2001-69, pp.
31-38, 200148 A

EXETHAR 0 3 AHDLL, 4 AHR# E5HY —JV : Cadence #l: Verilog-XL, SynopsystlL design_compiler, Avanti f1: Apollo,
Cadence ft: Virtuoso, Cadence f: DraculaLVS, Cadencefl DraculaDRC kZ >3 X &% : 10,000 D\_F, 100,000 K HIEZ > .
F ¥4I CMOS12um7.3mm £y Fv FEER | #EE (RFEEE, ATM 2 &)




3 aﬁzw;;r:wzwgma)! \— FQ@—%&W
FIH E3A

GETEASTHE AN HE,

BEE  EH S 3KITVLS DAL v F Ry 7 AWK LT, HEkD 2 Kowoxkikis:%
SKICITHERL, 1AKD R v FORHEEINIRDLIN=—F I 277 NIT) XL EREL g
TV, ZITIRTLAAL v FEy 7 ik, ZONICEMO7-dDOT KT 255, ¥
ZZAOOMEIC 1LAD R Y hOWTHE20N5., HL Vi @Md 2L 20K A N
BxBLPyHE zHFTREZD DET L. FUHTIFL, HEELE 1oH) e
UTHA, B VAR T O WIICERL T ARFO AL T, | R
REFETIE (1) TFEMTH 0 REEL FHLRES 2 AMCERSE2. 2 Kok il el
Wi OB E R, ZmTANORERESRD /NS R TERD S, (3) mHBEITEK Ei"' *s :
Fom T L0, BT LHUNRL VR BATEEZHIC/ZED), A5 [ F =Ko %ﬁ " mm—" —
BERET L. STTERETEOS L (D & 3) ZFEHT LML VHDL Sifiz W TRB L, Fv TOREEZIT- 7.
BEH (1] M, KN, “3KITCAA v F Ky 7 AFMBD720DN— 7 27 7T XA", p.86, 2001 4EE T HHMEFS
WAERKE GERE - 555Y (2001).

ERSTHARS : 2 AALLE, 3 AA KM EREMY —JV . Synopsystl design compiler, Avanti #1 Apollo, Cadence#l DraculaDRC k5
T ZA% 10,000 D E, 100,000 kil HAET > A4 €3I CMOS 1.2um 7.3mm fy F v TRER| L 7 I 0 STV ¥ IOVIE S ALER
Tty

RESEWEY R

IR e

liteiva

128 x 128 ERIFHEEMEC X—IEVY (B2H)
HREAZAZRIEHEBIZR AR LB E

KIRESEEAZ S ERES Rt Bt

BEE LA OMRETIREL, BREZHT CTOLEERMEA 2 — VX 91, AFHEHE
EEMEILEOIRBIRES L OB 2 B3 2HGETTH Y, WG HR
WAL LOEGEHINOISH 2 e L 4. REMEE, SN CHRARNZE1EZ i
RLTE [1] TEREI VY7 5 v AFRARBEMMEEA 2 -V o HI2BnT, (31T
R E TOBBEMER 21T, 128 X 128 MHEAOPARZRKALDDOTH L. BH
BEMBEAA Y S v FIZonTiE, DO IETLEELRBENRA I TV
NMOS X, &7 EE Rl L L7z,

SEICE | R, M, BRI A X =Yk % (3", p. 47, 1998 4E VDEC 4E
i (1998)

ERETHARS © 1 AHLLE, 2 AH K §%EtY —JV . Cadence#k: Virtuoso, Avanti fl: Star-HSPICE, Cadence fl: Dracula LPE, Cadence
#+ Dracula DRC, Cadencetl: Diva k5> X4%;: 10,000 Ll L, 100,000 #Kiif H{EZ> : 4+ v+ 3 CMOS 1.2um 7.3mm £ F
vTRER A A=V AT — U




FX13EE F1EB F€IaV59% FyTHfE
(MOTO11)

7 EOKRTMIZE 10E&EHD VS
[RETILKZIERBES TR /R, B KM, FEE A, B X, 8F 8z,
ZEHER, RE®, FNH
BIE . EREAHEOMEHALE PV VAT LARLVBIOY — b LRV ORIEOHEZ RO D
ZEEHMEL, HHRTHFR3FEA ALY, GRAONIZ)—TVELATY FIT (S
L CFHRERMT LI TEEI LTy 7 TH D, AF v 7, 7720 v #
LEDICO25 9F CHRIHICHVBELERTAHAIOTHY, WK, V7t L—7,
SRR, 10#ENLF AT, BXOPLED FIFa—=F oK EhTwb. ) vy ot
YL—FEEHVTNANDA VDA —Y ¥ UHOBIEZET S ENTE 5.
EXETHARM - 2 AHDLL, 3 AH KM 5%EY —JV . Cadence #L Virtuoso, Cadence ft:
DraculaLPE, Cadence fl: DraculaDRC, Avanti f: Star-HSPICE k5> X 4% . 1,000 LA
L, 10,000 ki HfET > ¢ A+ &I CMOS12um23mm i F v TR - Z o

BALULINIEF A NS4 — =
EETM I KZEEHFIEE LH %5, 60 K55, TR E, EFE, B 8,

EH A%, RE®, FNH
BIE  EBEROHMAE F T VTR LARXLVBLOF — P LRVORIBOIRZ D 5
CZEERHMEL, MHMLER 3EEALY, GAON) TV ELATY P74
¥ L CTHRERMRT LI EICE s TikElI LT vy 7THD. KF v 7L, [F4 854
F—] DXIICLED ZHBL DB OEBAE—ATHAL VZBS5TLOTH Y, [HE
i, VrrAvL—%, G5, 38y v Varvryavry, BXOLED HFaI—%
PHRINTVWD, V7t L—F % HVTNANDA VDB — Y ¥V HOIEE
ZMETHIENTES. il g
ERETHARY @ 05 AHBLLE, 1 AH R 5%5HY —JU  Cadence#l Virtuoso, Cadence#: EinjujSiwisiujaj=in=iial=}
Dracula LPE, Cadence f: Dracula DRC, Avanti fl: Star-HSPICE ~Z> 2 X4%;: 1,000 Lk, 10,000 &iii HEZ> 1+ &3
CMOS 1.2um23mm f§  F v FiER . Z DAt

R E0B0000000

JUAIRAYU—DEH

EEMIALKZIERBES Jss 2, A E—ER, M —E, 8 %, EHER,
RE®, FHN&E

BIE RO OHMERE F T I AF LARVBLOFY — FLRXVORKEOIREZED 5

ZrRHMEL, WHIMLER3EAIHD, GAoN) =TV B LA T LT 4 Y

FCTHREBERMT AL o TEAILAEF Yy 7THDH. AF v 7id, LED O RIS

I 222V —OFEMEFEHTLIOTHY, MK, RPORLZ) 7 F L

—% 3, BIXOSELGIEISLMEENTVE, 320 7+ L—7#H% T,

(1) NAND4 VD C—Y ¥ VDI, (2) NAND4A+L VDD —Y ¥ VORI, (3)

NOR4EILVDA—Y ¥V HOBRBEZRET S LATE S,

ERSTHAR © 1 AHBLLE, 2 AH ARG 85tV —JV : Cadence#l Virtuoso, Cadence #k ' I |

Dracula LPE, Cadence fl: Dracula DRC, Avanti #: Star-HSPICE k5> X &% : 1,000 DL E, 10,000 ki =HEZ> @+ v+ 3

CMOS1.2um23mm £ F v FiER . £ DAt




8iENAFUNY I EAVIL—L Y P\O

[RBHILARIEHRIES 2HE, S BEE, ¥ AL, 8% Kz, EH 8%,
RE®, FANHE

BE SRR L P T YV AF LANLBLOF — b LRVORIBOBIRE D 5

CEEHMEL, WHHMLYR 3MEEIND, GAGNIZ)—TRVELAT Y P T4

Y ECFEHRBERMT LI LIS > THEILAF Yy 7 THAE. £F v 7L, 8o LED

ZIEIC 1EFOMY B LEERTH2I0THY, Bk, Vo r+yL—2%, 55, 8t

NAFVHT vy, BIOLED HFI— ¥ oEENTWE. VU rVF Yy L—y#%

JAWTBUFLELVD A —>Y EVHOBEZMEST S ENRTE S,

EXETHARE : 2 AHLLE, 3 AA KW EREHY —JV . Cadence tt Virtuoso, Cadence *k

DraculaLPE, Cadence fl: DraculaDRC, Avanti #: Star-HSPICE ;S22 X &% 1,000 L

I, 10000 ki HES > 4 kI CMOSL2um23mmfi  F v TER . Zofl

7 EIRTIE16E&EHDVH
BB KFERPFES MR, M BRE, )0 ®RX, Tk ftb, B8 8,
ZEHER, RE T, FAHF
BIE . SRR E FT vV RAF LAV BLOTY — b L RLVONBEOEEEED S
CEEHMEL, HHMLYR 3EELARD, GASNIZ)—TRVELAT Y P T4
F L CREHRERRETLIEICLoTRET LTy 7 THE. KFv T, 77201
BLEDICO2B FETEIMICHIERLERTL2DOTHY, WKL, V7t L—75,
SR, 16ENAF ATy, BEXOLED IFa—» ol snhTnsd, Yo7
VU= EHEHCTNORA VOB —Y U VMOBIEZHET S LNTED.
SRETEAR - 1 AH DL, 2 AH K EREFY —JU . Cadence f: Virtuoso, Cadence #I:
DraculaLPE, Cadence fl: DraculaDRC, Avanti #: Star-HSPICE ;S22 ZX&2%(: 1,000 L
I, 10,000 Kiii HMEZ >+ kI CMOS12um23mm i F v TR - F o

3 ERDESHE

LB K IERFIEE L3 RIE, &8 N2, B4, @S, 8 8,
EHER, REE, FAH

BIE . SRR E FT v VRAF LAV BLOTY — b L RLVONBKOEEZED S

ZEEHMEL, WMHRTYRSFEEL4LD, G20l —T72VELATY bPTT 4

¥ L CFHRERMHE TSI LICE > THEIN LTy T THAH. AF v 7, 310 LED3

W2 3EBOEFEO I ) ICHKESEL b DTHY, HERIE, V)V 7+ L—2%, 5%,

WBH#ENLFIV AT Y, BLXOLED IFa =¥ 2ol hTns, Vo7t L—%

HEHNTNORA VD C—Y ¥y BOBRERNET S ENTX 5.

SXSTHARY © o5 AHBLE, 1 AH K 5%EtY —JU © Cadence L Virtuoso, Cadence #k

DraculaLPE, Cadence fl: DraculaDRC, Avanti #: Star-HSPICE ;S22 X &2%(: 1,000 L

E, 10,000 ki BHEZ> 4 kI CMOSL2um2.3mm i F v TR : Fofh

O OO0o0ooOr o0
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S fai 11w




1 B%Z 28 BFREIC ULTEWS T~ EIFENSH T LI BFER

IR KZIERBIEE XB#F BEBS BEF Hb EHRE B8E B2,
EHER, RE®, FNHE

BIE . £ OMARAE T VT RS LARLVBLUF — LRV OEIEOIEZ2 D 5

ZEEHMEL, WMITYR 3FE 4D, Giohiz)—T7¥VvELATY VT4 ¥

L CTFHRERRETAZEICL TR LT vy 7 THE. KF v 7ix, EEAE—=I»

5Ty Ev ¥y R=—v] W) FEBYVBELIBATIIOTHY, MK, Vot

L—%, 5%, 1MEASLF) Ay s, BLOTFa—% - L7 ¥ hoiEsnTn

5. VU TF VL —FHEHCTNORA LD D =Y ¥V OBILEAWET LI LT

5.

EXSTHARY : o5 AHLLE, 1 AH ki §%EtY —JU . Cadence #t Virtuoso, Cadence #t 0 |

Dracula LPE, Cadence #t: Dracula DRC, Avanti #t Star-HSPICE biyyxaﬁzlmmuL,mmm%ﬁ £¢7/ i + 3

CMOS1.2um23mm f§  F v FiER : £ DA

XbdO/—L4L i ﬁ“——*'-——"——

[EEMIKFEHRRIZE  BA K, 2L FET, HE EE, #HEEH, BE R,
EH %, RE®, TRH

BE : SO EAL FF YV AT LNUVB LY — b LAV ORI O PR 50

5:&%B%kt,%ﬁ1$ﬂ3$$4%ﬁ,5i%ntu—7tw%v477bl?

17 ECTHRERMRT S LICE s THEI LTy 7 TH L. AF v 7L, FEA

— 5K 880Hz DT L #) 440Hz DE % AT THY R LI TE50TH Y, @%u

VY rF Y L—%, SR, AR U E, BXUOTFa—F - kL7 bR EShTw

5, VT F L —FEHEHCTNOR2ELVDA—-Y EVHOBEZWET LI ENT

&5,

ERSTHAR © 1 AHLLE, 2 AH KRG 55tV —JU @ Cadence ff: Virtuoso, Cadence fl: &5 Ry [ |

Dracula LPE, Cadence fl: Dracula DRC, Avanti f: Star-HSPICE ~ S>3 X 2% : 1mmuL mmm%ﬁ HEZ> Ak

CMOS 1.2um2.3mm fij  F v FF&ER| : Z o1

%
__.‘%-IIIII.-.
.I.__.__'_JI
(B

CoonDooo =]

1 B

6iENAFUADYFZERWEY 0

IR KZIEREIES tREE, B ES, AKF EM, H2I LA SE B2,
EHER, BRE®, FNHE

BIE . SRR AE P T YT ATLANLVBLIOF — b LRV ORIBOBIRE D 5

ZEEHMEL, WMITYR 3FEAE 4D, Gioh/iz) =72 VvELATY VT4 ¥

FCTHRBRMRT 2L s TERIILAEFy 7 THAH. AF v 7, 7O LED %

A auOBPICHYT, ShE 1756 T THRVELEBTL2I0THY, HE, Vv

7k v—%, G, 6ENLFUIT Y, BIXOLED iITFa—¥h ok s T

Wb, YT AT L= HWTNAND2 E VO B—Y ¥V HOBIEZHEST S &

NTEL.

EXETHART © 05 AHLLE, 1 AH K E%EHY —JU © Cadence #l: Virtuoso, Cadence ft: B E |

Dracula LPE, Cadence ft: Dracula DRC, Avanti #1: Star-HSPICE ~Z > 2 X 2% : 1,000 UJ:, 10,000 5!%(%!’5 %iﬁ'ﬁ?‘/ M AN

CMOS 1.2um2.3mm £  F v FH&R| . Zofl




N\ T A

3Ewh§avvyhﬂyﬂtmutf%é:32—

LEHIAZEREZS SN AE I MisZ, BHXSR, FEH B, 8% B2,
EHER®, RE¥, FRH

BIE . SRR E bT vV AT LARLVBLOTY — b L RLVONBEOEEZED S

ZEEHMEL, WML SEE 4L, 520N ) =72V ELATY bTT 4

¥ L CFHRERMT 528X TRFI LTy 7 TH D, KF v 71, [F4 154

F—] ODXHIZLED MRS €L OTH Y, MK, Vo 7+ v—%, 54, 3

EyhJarvvyrhwry, BXOLED HFa— ol EhTcws, Vo7t L

— ¥ % VT NAND2 VDA =Y EVHOBEZNEST S ENTE S,

SRETEAR - 1 AH DR, 2 AA KW EEFY —JU . Cadence f: Virtuoso, Cadence #k

DraculaLPE, Cadence fl: DraculaDRC, Avanti #: Star-HSPICE ;S22 X &% 1,000 L

E, 10,000 ki HEZ > 4 kI CMOSL2um2.3mm i F v TR : F o

-
G\
|
|
O
D i
OEE
o
LIS

=

SEvbVavvraAvyyERWEY 0
EEMILKZERREE JixE, #F 22—, #H &R, 5 858, 88 8,
EHE®, RE¥, FRH
BE SRR L P T YV RAF LANLVBLOF — b LRVORIBOBIRE D 5
ZEEHMEL, WMHRTERSEEL4LDS, G520 —T72VvELATY bTT 0
Y ECEHRBERMT LI LICL > THEILAF Yy 7 THE. £F v 7L, 7o LED
FHYAI0OHICAYT, ThZ21»56 T THRVELERTLIIDOTHY, KX
VU rATL—%, SRR 3y NV aryyrAavry, BXULED HFa—F 05 : = :
WS T WA, Uy rtsL— s @EHGT NORZ ELD B — Y ¥ ¥ I OEE % il o ———
THIENTES. 4 _
SREHEARS © 05 A LLE, 1 AF ki E%EPY —JU . Cadence# Virtuoso, Cadence#:  MElmim IRy
Dracula LPE, Cadence #l: Dracula DRC, Avanti ¥ Star-HSPICE k2> X &% 1,000 DLk, 10,000 ki &HEZF> 1+ v &3
CMOS 1.2um2.3mm fi  F v F&&H| | Z oAl

6ENSFUADYIERVNET A NS5 —

IEEMIAFERBEE TEHE, BEXE THXER B % UE 8,
ZEHA%, RE®, FAH

BIE . SRR E FT v VRAF LAV BLOTY — b L RLVONBKOEEZED S

ZEEHMEL, WMHRTYRSFEEL4LD, G20l —T72VELATY bPTT 4

7 ECTBRERMST 22X THFILZF Yy 7 TH D, KFv 7L, [F4 154

F—] OXHICLED S ELLDOTH Y, ML, Vo 7+ v—%, 5%, 6

XL F Ay, BIXOLED 72— 0lkEnTwnb. Vo7t L—5E

ZHWTNAND2P VD A=Y ¥V BOBIEZMET 5 EARNTX 5.

EXETHARS © 1 AH UL E, 2 AH R §%5tY —JU © Cadence #t Virtuoso, Cadence #t

DraculaLPE, Cadence fl: DraculaDRC, Avanti #: Star-HSPICE ;S22 X &2%(: 1,000 L

E, 10,000 ki BHEZ> 4 kI CMOSL2um2.3mm i F v TR : Fofh




BBIRZNS5ES LED (1E0v* VI 517 — WEelliisisisiais s iailals]
RBHIAZIEHEZS 0 E—, )L RE, HE XA, BEEN, BE B2, AR S
ZHES, RE®, SAE i (O —
BIE . £ OMARAE T VT RS LARLVBLUF — LRV OEIEOIEZ2 D 5
ZEEHMEL, WMITYR 3FE 4D, Giohiz)—T7¥VvELATY VT4 ¥
FCTHRBRM TSI EICL s TR LTy 7TH L. AF v 7, H15UATR
B 7 ECHEPRETELT I—LDPEBAE =I5B, FEREMEZHNOES 7
o LED # T 5d0TH Y, HEE, Vo r+yL—2%, 5%, s#arv ¥,
LED i7Fa—%, BXOtL 7o ENTwE, Vot L—=5i%E v
NAND2P VDB =Y ¥ VB OBILZWET ST ENTE 5.
ERSHEARS : 2 AHLLE, 3 AH K &5ty —JU . Cadence#k Virtuoso, Cadence %t J
Dracula LPE, Cadence fl: Dracula DRC, Avanti #: Star-HSPICE k5> X &% : 1,000 DL F, 10,000 A HEZ> v+ 3
CMOS 12um2.3mmf Fv TR : Z o1l

1 REGRFRERAC Y FTFIVIVIIERZRDERET
TEXREAERETIZMER  HE &% MR EX

BIE | Be - BodlEfEd 5 AID £z BT 5 BN TA X £HE (DSM) DR
a2 T § % 7200 TEG % #%at L7z, &4 eE - s CTHfE$ %2 DSM = &) ) &
AR, HERMCTEESES I LX) @@tz . 4ENE, 1 KEHR: T A A
v F DSM ZikEF LB L7z, 72, BENE 7Oy 7 o2 MINICHETE S X912,
B/IHAA v F, ZWfSH, rsaysfarv—%, BE—BREHRAE, #1121
I DML, B, SMEFMFCH 24%, EARRBICE W TZITHES ) RN
oz, 72, DSM OHEIZBWTD OSR = 16, ANJE W% = 100kHz T SNR =
250B H S, 1RIEY I 2L —a v —HT LI EDHATE. - = I8
BEIW . R. Jacob Baker, Harry W. Li, David E. Boyce “CMOS CIRCUIT DESIGN, LAY-  SSkES NI IS I S e,
OUT, AND SIMULATION,” IEEE PRESS, New Y ork, 1998.

EXETHARE : 2 AHBLE, 3 AH K EXEtY —JU © Cadence#k Virtuoso, Avanti #1: Star-HSPICE, Cadence fl: Dracula LVS, Cadence
#: Dracula DRC, Cadencetl: Diva FZ > X&%#: 100k, 100K HEF> © + v+ 3 CMOS 1.2um 2.3mm fi F v 7@
Bl :7F 12 (PLL, A-D/DC-DC I ¥ /N—% 7 L)

ALY F by IV TIETERDERET

TERFIET Y AHIEA, fREFX

BIE . 4l, FUy Y IOt ERT 5200 EREEE R DAL vF bF oSy
TR R G L7z, WAL LTIE, EUME Y I 2 b=y a UMz BT 2 720855
DART Y TDT A =Ny 7IIEHEENDLF X /8T ¥ DOfi%, 5p, 8p, 10p L& LS
LOERBHRL. 72, A4 v F hF 8V RO T A ERNKE LT, Fy
WY RD, AL v F2EHBL. S 2307 I LT, BFHEBYOEEZRLTNS
PEBICHE LR T 572012, EE2bs872b0% 10 #E/L T2, 24y
FICH LTI, BfEERO-OBR L7, Bodao s oy 7 BRI, 900kHz £ CTHjfE
THHN, HSPICE ¥ I aL—¥ 3 Y2 Lo THERRHR T 2. ZTOMOZLEZWEIC S =
LY BT 5. T T T T T T T T e T
EXETHART ¢ 05 AHDLE, 1 AH K §&EHY —JU @ Cadence #l: Virtuoso, Avanti #1: Star-HSPICE, Cadence #l: Dracula LVS,
Cadence fI: DraculaDRC, Cadenceft: Diva +rZ>2 Z4#%: 1001, 100 %Ki HMEF> 4 &I CMOS1.2um23mm £ F
v %R . 751 (PLL, A-D/IDC-DC I ¥ /8—% 7 &)




N\ \
28 OTA EIFgDERET O
L EARFET ¥ RH# —5, R EX
BEIZE . Operationa Transconductance Amplifier (OTA) IZWEEILZ X L& LT, MilE,
Feho, WER, MO A VYO VA, TANIEEZERTLIENTELTFOS
RN TH L. BIETIX, AL v F MFy /8y F L EORRIAN L & 5 N H»%
{ o TETWALLDEELRNEE o> TWD, FlliE, OTA DI TLREARYRY V7
VIV FDObDE, &EBT+—IVT 4y RAHRAIT—=FD22o0 OTA Z## L7z, #H
IZ1%, Common Mode Feed-Back (CMFB) M &Nl , MEDREEM 572, HSPICE
P32l —YarvoFifiTiE, Y7 VI Y FOTA TidANY Rl 1L7IMHz #54THB Y,
FEWE L LB LTI oRLEEZ T 5. 72, CMFB HEZMEICHETE 2 X912 S
L7, JUMEN R BN E
SEX#E . R. Jacob Baker, Harry W. Li, David E. Boyce “CMOS CIRCUIT DESIGN, LAYOUT, AND SIMULATION,” |EEE PRESS, New
York, 1998.
EXSTHARE : 1 AHBLE, 2 AH K 8&5tY —JU ¢ Cadence #l: Virtuoso, Avanti #: Star-HSPICE, Cadence #l: Dracula LVS, Cadence
#L Dracula DRC, Cadenceft Diva FZ T Z4%: 10D F, 100 ki HfEZ> 4+ v+ 3 CMOS 1.2um 23mm i Fv 7f&
Bl 7+ (PLL, A-DIDC-DC I ¥ N—% 72 L)

0y IRFIVNL—9BRUV TSy Y18 A/D EiRZE

TERFETYE HS EE R EX

BE: 7Fu 7o F VI NAERTHL vy —T 2 — A& %D ADERBOTTYH S
BICHETA2ZEDTEL 7Ty v a AID BRI ZEFTHIEZAMNE L. 75
v 2B AID ZEWBoOMK T e Yy 2 & LT, EBREE, EREZ 2 E i,
ERFETAT v F LA IOy IFEOT L= BRREI L. SHICEARNR 2 A
JIXOR, 4 AJJOR, LA AL, chorbt—N—LryIYHEM27Z3EY bO
75y v a Mo ADEREFRFTLER L. $/4275 v ¥ a2 AID BRI £ O
WOV 24T ) HIYT, FEPL2&NE Ty 7 2 2 2nEi L. = W
BEM | R JacobBaker, H. W Li and Daivid E. Boyce, CMOS Circuit Design, Layout, and i — ...
Simulaytion, |EEE PRESS, New Y ork, pp. 685-700 1998. 0 T T T T T T
EXETHARE © 2 AHDLE, 3 AH K §%EHY —JV © Cadence ft Virtuoso, Avanti ¥k Star-HSPICE, Cadence # Dracula LVS, Cadence
#L Dracula DRC, Cadencetl: Diva kZ > ZX%4%: 100 L L, 1,000 & HfEZ> : + v+ 3 CMOS 1.2um 23mmfj Fv 7
B3 : 7F5u2 (PLL, A-D/DC-DC I ¥ /3—% 7 &)

U1V SO {1 1N LT 11

AbYIUxvF F= T8 & i B DD
AMRETEHERERTER LF Fk 04
BE KTy T3 71 Uy vl z R L, BRI AR RO A L 2 HIN E
L 72588 R O o R CaE L7z, B L 72 v 713 1100 BoHi2 5 10 5374 £ C
Ay PTEDUVIOMA Y T+ v FTho. BFEANE, WHEKSY Ly FSh
AY = MANY TAAL v FICL BEIRORIGHEILDATH S EMRTE, FHREPTH Y Ly
FAETEDLLIBADNY T4 v F L LCORRNLZIMEOARZIT) ABTH L. 717
A ¥~ LEDE HiDFORT R, FORKEDRMD V% FRHO7Ta— P 1ETTE &
I, BRREIZIE S B LHT7200 % BAT L CIER AT 82 74 F 3 v 7 ERE k2
L7z, 7224 v F KJJ®D ONIOFF HLET % £ TORLEIRE (Fv 510 ¥ 7) Ok " ‘
BOATH &5 AR AT 72 B R EEEE
EXETHAR : 05 AHLLE, 1 AH K 5%EHY —JU © Cadence #t Verilog-XL, Synopsys t: design_compiler, Avanti #: Apollo,
Cadence tk: Virtuoso, Avanti #1 Star-HSPICE, Cadence #L Dracula LPE, Cadence#: DraculaDRC +;Z> 2 X &% : 1,000 bl L,
10,000 Kiiff HMEZ >+ I CMOS12um23mm i F v TEER ¢ F ot




DPWM O bO—-5 D85t

AMKRERERRS A7 LIEHFFAF WO S

BIE . KB e o [BREDAVE -] LIEN 2 T4 )L F—JRIC X ) BRENT 8 2 AL
HEEDMBEE NG E LzggbERBBEoOREEEZRIELZ. [RECALVY—] %2
FHAT2BOHEE, /HONDZENEPALETH Y, WNILEL2E)) (L) 28
OISR 220, £/, BONZEIRZOH OIS W20, HFEDEKO R
PLEREIETHE., 0L LREE RS 5%, BEMBOMIELEEICELL,
IMHET 2 — &l (HEf) IS DPWM 2> PO — 5 2B ENTERT L L
VEEE 5. BIEFEICIZEER DC/DC 2 N =% 2 vy, DPWM 2~ ha—F12% Y
FOF2—=TAFA 7 NVERETLZ EICE o THDBEEZRENT S, ARETIE, K
JEWREED L Ol O M FIIC X VIR ED 2 HIgL 2. el Wi wgs A
EXETHARE ¢ 1 AH DR, 2 ARG §%EHY —JV | Cadence 1 Verilog-XL, Synopsys*k design compiler, Avanti - Apollo, Avanti
1t Star-HSPICE, Cadence #k: DraculaLVS, Cadencefl: DraculaLPE, Cadencefl DraculaDRC k3> 2 X4%f: 1,000 DL, 10,000
X #HET A+ 3 CMOS12um23mm fy F v TR Fofb

Bz 5 1 > = v U CMOS RIZEEg%Z ALz SD1bit IEERDHE
IWEAZTEE =6 FER, KB X, £F K, ELER, S5 —F

BIE . Signed Digit (SD) ¥ AFEREFMOZZEREFR 7 1 V&1, FTHEERZHVTIN
HEOARATHRTE 2. £/, 74 VI RBOERELEIEATZ 272012, HHT 50
BRZPEETE, FEBRLHVDFR 74 V% LR LA, MNAET7 1 V5 29
BTELrZLPAONTNE., TOMWEEEN L, Canonic Signed Digit (CSD) 2% FIR
TANE EDTZe VNV MBS ORGET ETo 72 [1]. TOTEG L LT, CMOSHi ,
Il s & AL 2% TR R % 4l R 72T B 47 4 X v 7 CMOS R PEIE: (ADCL [Mi) 205 e B |
7% % SDibit Mfigh & Th kit L, dlERfiofz. 70 Ry AN X ) Bt &7 | o= = = Y| -
> f:ﬁfﬁ%\'%, F ?ﬁﬁﬁiﬁci CjMOS aﬁﬂ%,u éDCL:E% J:EJ \Z 370um x 740|1T b %ﬁggggg&u ;
5. Y3alb—va Y EEBICEELMERICE VLT, EFEHETL2Z L% BRSO ENONEBRE N
AL TWD.

SEEk ¢ [1] Y. Takahashi, T. Kitgjima, K. Takahashi, Hilbert Transformer Design Using CSD FIR Filter, Proc. ITC-CSCC 2001, pp. 921-
924, June 2001. E%ETHARE © 05 AHLLE, 1 AHEM 5§V —Jv © Sl 4k SX9000, Orcad PSPICE b5 > Y X &% 100 Ll |,
1,000 ki BRIEZ > 1 A4 €3I CMOSL12um23mm f  F v TR AN B EER, BRELSER )

EiASE MOS NS YIRFEMS VATV S TEG OFEEEHIE

W KZE TS SHE—, S5 BEA, Bl EE, £5 ME, #HLER, SF —F
BLE : 40NE, #o»0MEHEMOS S YAy e, VI RAYE sy ETEELLT
AIELZ:. IS0 biTHlE, TORTORELZHRLIE2HNLELTEY, Fek
A ZXDIG VI AFZIZOWTHREEIT) Z2OIHFT SN TWE., S5, BEOHED
AT, #E3#o OTA (Operationa Transconductance Amplifier) @ A 13T % F 4%
W E Lz & 7o T d. ZolEkiE, CMOS A ¥ /38— % [lEIcM7za > 7))
AVFVABERO Y VIR R NG AA YT I ELTHWTEBY, ZORF VR
Iy F s ALY 7y PEEF Y YR VEERS Lo TnA, S5, bT
VAAVET 5 v AR NET 5720 D%K O D TEG # EA TV,

EXETHARE © 1 AHDLE, 2 AH K §%EFY —JV @ Sl #1 SX9000, Orcad PSPICE + 5> [EHNISISINISIN {1l &
2% 100E, 100 Ki HMESC &I CMOS 1.2um 23mmf Fu TR 702 (PLL, A-D/DC-DC I ¥ /83—
57 &)

B e o= e



N\ T A

dem*hHABmCMOStbyh-1§:>®%§
BEAAZEFIYWER AR B VI EE, B2 2R
BIE Wit — FESLUHORRE, KEEEBECLWI A FI v 7Ly IWRens
LIZHD. LEDoT, TORERAEEEZET L LTHCCIICH Ral-to-Rail D AMTIEE
FPAAE SR S B, S S5IZAIMITXTIZ AB # Rail-to-Rail ZHw5 2 & T, KEHE
JEBIERFICB VT D, TELMOKELSINREZ/LILDNTELEERE > TV,
ZZTHMO CC I L, B ATIC Rail-to-Rail TliH$ % 720 DA Nch, Pch2£B) A
N, BRAINCABHRT v 27 VB, B T—, ROEBRMECHRE L. SHEA
W%, WEADMT, WA, WRLDMFOZ0WTFE, N 7T ABRO 72
OOBRBBADMFTHAH. YIalb—a L VEohis Ly b - arxX7OMRED, e pl=lalalslie
CATERENENEHER ey
EBROICTLELNENE ) b EMERT B7-0RMEL . googgoooooodo
ZE Bk . Roubik Gregorian, Gabor C. Temes: Analog MOS Integrated Circuits for Signal Processing, New Y ork: John Wiley & Sons, 1986
EXETHAR © 0.0 AHLDLL, 05 AH K &EHY —JU . Cadence fl: Virtuoso, Avanti I Star-HSPICE, Cadence fI: Dracula DRC,
Cadencetl: Diva 5> ZX 4% 10, 100 & #HEZ> © + €3I CMOS1.2um 2.3mm i Fv 78R . 7F 0 7/57Y
VBT Tt v

R-2R 54 —8 DA ZiRIBOSE (1)

BRAXYEFISWRA  FF EE &2 e

BIE: 6y PO R2R T ¥ =T DA LR ZMME L7z, MEE KT % Kbt %,
AT, T4 VI NVATME T ROARKT T v FE L THY L8012 5 by 25
LERRD. BIE, CoOBERTEFERILINIZIGEICOEAMRL 22 IS 5720
Thb. THITLoT, EDOMPINPENLZTEETL7HEBREL TR 22052 KDDL HDT
H5. FITHHIRIIAEEICE JIFTHBIIOWTH . DA RO A Y
ALbDELT, RS5RFENZTORE SOEPLEZH VLT, BHENERTE2 X9
W2 hxRd7. T LU TEBICERLLL, BEXD 21 E2MET L. & (2 T, -
Z YO E LR TR LD 2 & %475 TV 2. » HERianinininineS o
SXETHARS : 01 AHLLLE, 05 AHRi E%5tY —JU © Cadence 4t Virtuoso, Avanti 4 EEdSEsimisgsysmyuysyyaye)ufs]
Star-HSPICE, Cadence f: DraculaDRC, Cadencett Diva FZ > X 4% 10D L, 100 K6 HEF> 4+ €3I CMOS1.2um
23mmf Fy TR . 7o s (PLL, A-D/IDC-DC a2 v /N—4 7% L)

II-_‘IE-'EJE] -:

< CNENCHENENEN T

copfo

ICNIENTIIEY

[E]E]

Mt

[ ==

R-2R 54 —& DA ZIREORE (2) P tooooopoooonn
BEAZEFIEWMAR 28 FE, 52 6 O~ ammimmeemmme ¢~ , O

e R

BIE: 6y PO R2R I ¥ —RlD DA B¥fde % ilfE L7z, AN 3 % SR %,
AN, FA4 VI NVAIMEGROARK Y T > FE LTHG A5 5B 575
LERRD. BIE, CoOBERTENERILINIZIGEICOEAMRS »EIEET 5720
Thb. THITLoT, EDOMPMFENLZTEETL7HEBREL TR 22052 KDDL DD T
H5. BICHBIRPIAMEREICE X IFTHBIIOVWTH RN, D HREORBIRIIAA D
ALBDELT, 25 IXERLZITOREX SOEIEZ VUL, EBIETISERTEX S L)
X% bhiRDl. TLUTHEBICERILL, BESHL2E2MHRT L. &I1E (1) T,
ZOEPOMEZEZ TREFLFERRDO Z L Z1To T 5.

EXETEAR © 0.1 A LI L, 05 AJ ki §%EtY —JU @ Cadence#t Virtuoso, Avanti #t JODODO00 000
Star-HSPICE, Cadence f: DraculaDRC, Cadencett Diva FZ > X 4% 10LL L, 100 K6 HEZ> 4+ €3I CMOS1.2um
23mmf Fy TR . 7> o s (PLL, A-D/IDC-DC a2 ¥ /N—4 7% L)
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CMOS ALY hE5—DE8ET

BRXEEFISWREA NI EE, E2 B8R

BIE . 7o 7 ERENEHFHC B W TR T — FESRMEEKATEH Shaicthy, 75
O 7 BFABEOEABEZFD1OTHEH LY bIF—DORLTHENIHAKEL Bo
TWwh, 22T, HEOEFUHBIIHCS I ENRTE LR, SEEOAIL YIS
— % FEHT L2012, HEBEMECMOS AL Y FIT—%23 L. COMETY 1L
Ve HL Y RNIT—, MBI ALYy - ALY I —OBIESEREICELLE—
EMEL, 75y P CRHROBNZHL I ENTELIEN VI 2L —T 3 Y TRE
NTna, NEERIIIEFICHETH Y, NhTFy THRICERILSTRTH S, 20
HIEF v FITHEEHO VAR AL Y FIT—b & TN TWAE. 3UE L7
Wi CMOS AL v M I T —DREEZMEL, MEOLRVAL Y P I T — Ok KT
5.

EXSTHAR © 05 AHDLE, 1 AHRG &5tV —JV . Cadencetl Virtuoso, Avanti 1 Star-HSPICE, Cadence L Dracula DRC,
Cadence f Diva FZ > X4%: 102k, 100k #HEF> 43 CMOS1.2um 23mm Ay Fyv 7Rl : 75w s
(PLL, A-D/DC-DC I ¥ /N—% 72 &)

RIVF=IF59 AV IN—5DRIE

ERAXZIZWER & fos

BEAKZI¥E KRRIE

BIE  BUE, #WEFBEOSERERIZE D 2o T, o/ L, BE{LAEA T
Wa, 20z, Ny T =~ —fERk L 2, KEEENEFER ST
5. ZORPSRE LTI, BRETEORTA2ROENTHS. T2, Fomiifb sk
2, P VYRS, BEMOMEDETFTLTEY, TNSICHIETL2ERTLEBEBLD
WFEALZIT ) VERH L., A F v T7RHOLF2 1L -2 HNnEI LT, MMITRZZEL
FEBME e 2 5. Shl, MEL-F Y F v TRV T =TI L FaLb—71L, £
Al ZHWCTHEREAS L, ZEL-MBEBEZMRGT A, FCREHELEDOD D%
BEORETLA 7Y MkEr2i7oTwa., COMBOBEHEENTE 2L, L5
KB D ZE T Il B D REETIH Y MlA 7z,

EXETHARE © 05 AHDLE, 1 AH K E%EHY —JU © Cadence t: Virtuoso, Avanti #1: Star-HSPICE, Cadence fl: Dracula DRC,
Cadence ft Diva FZ > X4%: 10LE, 100K #HMEZF> 43 CMOS1.2um 23mmfy Fyv 78Rl . 75w s
(PLL, A-D/DC-DC I ¥ /)N—% 7 &)

Fy—YIRYITRDC-DC aAVIN=F EFNT VT DEEET

BRAKXZEIZEH W BE, X2

BIE . A, 7Fu s EEEE 0 vy BEET 20K EE, BRA, Rt
BRARIT T TANRT T OBRE R OBRLIEEATo 72, T72, WHEOEROIENIZHIEW
EWELEZ T 2 ERE LEE T 556, ZREOEREZMLICHET 203 AT A
ELTREETH Y, H—HEALINTHEDT, ZREMITH0ICF v — VK
YTREIDC-DC Iy N—=F 3PN, SENE5V % 10V ICHET A L2 HE L7,
L2 LIERBOBK T 2Moray 752 HwTw 22 22b 53, FEMTcLy
AMICEM 2R L 2wo T, SREEEIZ bz TR Z M X85 20 Il o5
Y= VRV T HENEE EE LR T 7.

ERETEART : 05 AALLE, 1 Ak EEEHY —JU . Cadence #l: Virtuoso, Cadence ft: | L J .
DraculaDRC kZ > Z4%: 10 E, 100k HEF> i+ v+€3I CMOS 1.2um 23mm fs Fv 7R . 7+ 12 (PLL,
A-DIDC-DC I ¥ )N— % 72 &)




N \
ALY F v NV IEREFEERLE DC-Q‘JI V=~ DRt
BEKXZEIEE KiE B
BEE 24 v F FF v XY FERLHE, MOSAAL v FEFx80 5 (avFrH) T
BENTEBY, MOSAA vF% ON & OFF§ 52 LICE)BEELR (FE, BE, Mk
i) 2#47) b Thsb. F/, FEAICHREEZELIA VR T VAL v TR %
i) 3R L, IC LICHE L2 BENETH 2. 40, R2boOMEETIE, YATF
L ORI 2 X M, BB EZ & L7202, Fv FEBMO DC-DC 2 ¥ /8 —
Y ORFE R TN, 2T, A4 v F bRV IEESREH Y, AHMEOLATY M E
22272 DC-DC I =% DEMEx T o 72, S HFEAEL 72 DC-DC 2 ¥ /3 — % g%, 3.3v
DANETE% v CHHTBEMD I V=2 TAAL v F ¥ ZJEIEE 100MHz, FEXH
J1%77 100uW TH 5. i
SE XK . Switched-Capacitor-Based DC-to-DC Converter with Improved Input Current Waveform 5%5H#ARS : 0.1 AH UL, 05 AH
Kiii  §%EtY —JU © Cadence #t Virtuoso, Avanti ¥t Star-HSPICE, Cadence #f: DraculaDRC, Cadencet: Diva b5 > X &% 10
Pk, 100 ki BIEZ > oA vtk 3I CMOS12um23mm A Fv TRl D 7w/ (PLL, A-D/IDC-DC I ¥ /N—% 7% &)

RHEISRBERE— K705 CMOS H7 AEE

REA XTI EE XE, FHBX, a5

BAERIESEEMNERK IO

BIE | —ROT BRI IED W 7 HE R I 7 z‘lrﬁﬂwiﬁilﬁl%%‘“*l L7z, —RtB%E

LT, 7Hua7 B TOEINEY) (Rl# LM E%IC X 5450 &1 LCdfd) <, »

O B et % b 2 X N WJEM%%HEH%. (1]  BELZ2REMEKZ,

AvFbAL Y MR EAVERERBERE— F7 12 CMOS IS THEBLL Th

D, WAL BEITHRE SN TS, /2, Theidine, HEIOMIEZ iR %7
DITHH IO AOMEE S HIEL 7. 512, 2 bMEEEZ L7z mE b EL7:. Wi

Noll#b BFREE 5.0V THEL, 2=y P I VYA Y E2HWTEEIL 7.

SZ Xk : [1] K. Hamazato, A. Tsuneda, T.Inoue, K.Eguchi, An Analog CMOS Circuit

Generating Chaotic Sequences Based on Piecewise Liner N-Shaped Maps, pp. 604-607, Proceeding of the ITC-CSCC 2001 (2001).

ERETHARY 0 L AR DL, 2 AH KW §RETY —JV D MAGIC, Avanti #l Star-HSPICE M35 > X 4% 100 P I, 1,000 i

HEZ> v 3I CcMOS12um23mm i F v TR - 2 ofh

KRRV AT LERst 2B LT A bFy TOHUE
PR AZIEHRPIES iR B8, ®ET

BE : ?M@ﬁﬁ%%‘i'ﬂi CAD 7V IV X AT A5 % 4T > T\ b, Sk ZFo—5 T -
ELCRIES B L7 RRIEIZRBIBE Y 27 A 2 FBLT % LS| OBIES O %L, K =
CAD %ﬁﬁb\t?‘- Yy TERET 7 u—0RHEHNE L. #ENIE Verilog-HDL & v 7=, .'. - k! :i
72, B&EF U oW A 2 JE RS 12 R RTIM T b 5. AR AR 2 R VDEC (] -“’4,;} -ib'
DE—KNR—=JRCAD A=Y Y7 ) A M EBFHII LTI L7. LS ORFEKTE, - 5_;',:1_*1 =
FHARE DR E R CAD OBAEH LD BRI 2D 2o 72, KEIZ CAD OAIEREICHE L ; ' -
TIXVDECIZX DAThI T2 CAD B SIIBMLTAG Lz, #fELAF v 713 EME . :.
R— FLTHEHEVEWEST 2 2 L 2 MR L 72, _ S =
ERETHARE 0 3 AALLL, 4 A K §%EFY —JV . Cadence L Verilog-XL, Synopsys ft: Do0000rOC T

design_compiler, Avanti fI: Apollo, Cadence*k: Virtuoso, Cadencetl: Dracula LVS, Cadencefl: DraculaDRC k32> X '5' # : 100
P, 1,000 K4 HEZ> 43I CMOS12um23mmfy Fv TR L TFu STV VEFRE T a L v ¥



LS| sEHEBICBIIBHEF v T (4bit 2NNEER)
TBAZITHEE AT « TEEIEH RREF XH, BETES—

BEE | RRYTHE A T 4 745 TR ClE, P 14 4B X 0 52358 4 45 R VK F B
AWK LT TLS aHEE ] 2FET 5. WEIZESEEE IO PN TWES. BETIE
LSl O#E%, PRy o L6, MOS-FET, CMOSEu Y v 7, T utAHi, ~y 7%
7 VANV THFEE AT ). D LSHICBT 2B T& 2L 2 AT, Verilog
DOIEPGIEE Y, FBLAR, FERH, ETBAMREEONE CHilE 2 %M 5. RNk
ZOHEMEBE LIMEL723OTH L. WO TORITH-7/72720, Fyura—7Lil
TERE A W CHHEICEEETITZ A b D& LT 4bit &A% BN L 72, EBIC X
DITROEEZIERTE, LS el 2 EMTE2HEL D LIFH 2 e C& . 5 .
Bjix VDEC 2 SRS BV 7 v bR — K&V TIi 572, CADIRHPO~Y Y Y2 >~ [ Eslejwwympwinsymyegwhof=m
Ab=L, ZOLIRIZXUHK20EBNT 7 A LTHH L. 4o &) 2R B THIUIME LR ST, 4%
MR, BENEORELEZITV, HENEOREEZNLFETHS.

ERETHAR 1 AADE, 2 AR §%EHY —JU © Cadence t Verilog-XL, Synopsys fl design_compiler, Avanti #L Apollo,
Cadence #I: DraculaLVS, Cadencetl: DraculaDRC k35> Z 4% 10D F, 100 FKim HfEZ> 4+ v+ I CMOS 1.2um 2.3mm
fii Fo TR EERE OREGE, BRERR L)

=5
L
r
e
| o
- ¢
bl

S e YT

EFOVHARREBICRATEDEOEEREF v T OHE

BT AZETEE TR A, KiE R

BIE | RO W ICAO, WIROBIIHE B X OB %2 b3 2 k% %
He 2%y b7 =7 ORFLEZOERMEELEIT>TE [1]. Ny ¥ OMIAEET 5
TATYE SO R B AL (DCMD) T, M LICHE SN EEO K& 3B X O
KBEOEMEMAEDLE T, WROHEEZHRHL T 5. ZOREIEIMEZETHNIIE—
JiERL, ZTOMEEEREL X OEELFMIHEL TS, ELELAY FT—7
TlE, HREFAICHNETPE -2 lZ2 R L, HEREB XL FmMERET 5. 4
FOFMETIE, R LEERE ARy b —2 2MEET 5720, “RITHAY T —2 %
REPL7z. F72, FyICE Ay b= 2 BHERT AN O TEG b E® 2. MIEF
v 7OWETIE, FHEARBEOEEZMRIET 5 & &b, ZRILA Y T —27 OB
INBERE 2 5HI 5 5.

SZ3mk 0 (1) TR, KF, WWH, mE, HIL, R, RRoOBERICFALZEE S RIEREO Xtk v M7 — 271k, HAM
R PR AE 11 e E RS HE CE, pp. 141-142, 2001, E%ETHARE : 0.1 AH DL, 05 AH K 5%EHY —JV © Cadence L
Virtuoso, Avanti I Star-HSPICE, Cadence tl: DraculaDRC +5 > X &% . 1,000 bl L, 10,000 Aif =HEZ> v+ 3
CMOS12um23mmf Fv TR . f A =T U/ A3 — LY

BFA4F=vILYIEFTHIvIREEROEFOIEL
BEREMHEXEISE SBE, X2 EiE

BEE &2 1d, OSBRI, WROESEREERT 5Ty DA v b
7= DREL FOEBEBALZRATE, ZORy FT—271%, HENRO)LHEMEIC
D72 ATIEHREICH LT, FWEOREE AT X —5 2 ABISEIG S, K54 F3Iy
VYV RERTLIENTEA, LHL, 2Oy NI—=2Tlit, HIEFTOKRKE SN
INEL, IAXREFDIAY Yy F OB LM T M H o7z, 22T, ZOME
PUHET L0, Ty VKA Y bT—2 DABEICBWT, AN EHIES 56
2Lz, COREICEY, =y VBRBRIBOBIIEENEL 2D, ¥4 F3Iv 7L v
URELITERTAI R Y Ial—Yva ko THALE (1. SHoRETIE, W
FH 16 x 16 & LB/ ZROCHIE A v N T — 2 B L, TOEMEERHRT LS
LRHME LT

SEIE (1] wE, OR#, W, R, L KRS AFIv 2Ly Y ERAT Ay VRO R L, B AR
PRAAAH 11 WA EDR & ak s S, pp. 137-138, 2001 EXETEAR © 0.1 AH ML, 05 AH K §%EFY —JU @ Cadence #t
Virtuoso, Avanti #t: Star-HSPICE, Cadence ft: DraculaDRC k> X 4% . 1,000 Ll -, 10,000 A&iii =HMEZF> i+ 3
CMOS1.2um23mmf FyTHEH A A=V AT — LY
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BrFRBIEEEZER T 5 AT I v IRt DEEst
EERMREAYIS®5  Amal Bandula Kariyawasam, X2 i
BIE &4 1d, ShE CICHBEOSEEHLHEERE O, S22 H T oJaum s 1 ht
5T, WHEFONE T X —F PHBYIHEIGT 22 A5 5Ty DHRIBEET v 70
RFE L ZOERBBILEAATE [1]. SHORIETIE, RELTy VHRMBERT v
T@kﬂﬁiﬁﬁﬁwr&th W5 16 x 16 & I /NS 7 XOCHEI 7 v 7%
RETL, TOBEMEMEEHNE L2, WEIX, 107+ F5 4+ —F & 140 MOS b
SYIVRAINLREN, FOMHEF A ZX1F 8mm x 85mm TH Y, FEHICY ¥ TSIV
BIERAE R CHEBLT 5 Z &S TE .
BEXE (1] 5T, K&, &, I, R, R RN 2 SR A9 5 T
v VR ORI EEAL”, 55483k, Vol. 99, No. 686, pp.213-220, 2000.
ERETHARM © 01 AHDLE, 05 AH &I E%EtY —JU  Cadence tt Virtuoso, Avanti f Star-HSPICE, Cadence #k: DraculaDRC k<
CUZRAE 1,000 PLE, 10,000 Kg HET > 4 vk CMOS 1.2um 23mm Ay Fy TR 4 A=V A — bk

&

INEYNDERE U RIEIERR DERET

BB KFTHEE  RREBEK, KSR ES, 2H 858

BIE | KT v TS E RS 2 FUH L ORMUNSEER I Yo M EE 2 BIET 5 2 &
ZHWL, #il, WMELADOTH D, ANRNEE £ 2 LGNS U7z B 2 )
THErHTHY, He L TIEWELR PDA 2 05 5. L LEOMIELE XM
INTH BT, BiES 2T 2 LERD L. T 2ZF0MIESE, MMty Fy TOkE
PRCHET A2 L AL LTz, NSRS s, BRI 2 AR
TR 4 2 LA HAEGDE, BMANA Y E—F 0 2 LR H 2 RS 5. S5
TEes & KPR T v THME TR S 5 £ DL, T 72 IR % HLAR o [l s N B o0 S5
BB 720, WENERTLDDE LOME L.

SRETHEAR © 1 AHDLE, 2 AH K6 %5 —JU © Cadence f: Virtuoso, Avanti £l Star-
HSPICE, Cadence*l Dracula DRC, Cadence*l: Diva b;Z > ZX &% : 100 LI, 1,000 K #HIEZ> : + >+ 3 CMOS 1.2um
23mm fy F v TR AR GRRESE, BREHLL)

=faE CMOS BEEMOEE (2)

BB KFTHEE &7 =, WBHB6A, XEREER

BIE . A/D, DIA I Y N—=% DT 1 7 BIEICAT] K % SO g B K (RiEEE
) % CMOS 754 22 & o THBLT 572D TEG (Test Element Group) % @&l L 7-.
P DEIFEE S L OTEEHPACTHUUMED S OZEBIH = 1% UNOEBEREZHLZ L %
L LCTWwh, HEERIINY FXyy 7HOEHEZISHLTEBY, NWELL It %l
AL TW2EB5r% NMOSICEBE &2 5 2 L 12 X o THIBERE 2 80123 5 2 & A7k
7. 72, FONMOSOFr— &3 bu—L55ZLI2L-5T, NMOSOF v ikPi%
WITEL TS, SHEBRLENKICAN SN ERETLOLHZ2H 50 LOWR 57
DOMBEEEA L. ZoN L @RIENKEERT 2H T, BICMNHBLEOLEH I
5T ENTE, BRELAHIFEINS. it,ﬁﬁﬁ%ﬁﬂ%ﬂh’%ﬁbfwé A Rl
5L T L7z & 8 L7, 2RI 2 B EE 2 fERE L, (ZIZTHEEL B ) ot Eons. 4%, HIZ mhwwﬁﬁ#%%
N5 BB IC OV TR T 52 TETH 5.

ERETHAR © 2 AHDE, 3 A& 5%EHY —JV . Cadence #k Virtuoso, Avanti t1 Star-HSPICE, Cadence#k DraculaDRC k<
TAa# 1000k, 1,000K0 BES 4 kI CMOSL2um2.3mm A F v FIER 0 TEG CRRikEFEAMIEIEE 2 &)




Charge Pump [EI3§

EINE L KFETHE 57H =8, KB EE, LH 86A

BIE . LS o ERLICEy, NMEO@EELIZEBRLTELD 00, 207D FEIC
% OERBE)ERALEE 20, @afb S BEEILIIHRI T 28 E 5 Twb. 4N
VAL, R O FRRR R LT 2L 2 BT B 220 IS 238 )5 [N 4 7 A 2D W,
LVRONA TRMEE{GLIEDTEL LI BV AT AIIOWTOME Z1T 572, Charge
Pump M1, AJEFICRL, 2y Frd a2l CEMER Y TOLH)ITHLHL T
WHTKELHBNBEXBLZEDNTESL., ZOF v 7T, BN 7 ARERNBEO O
LDk LT Charge Pump B D% 24T o 72, SOHICIZEREIFEE F—F 4 - K—)L[H
#% A, Charge Pump IS DO FEARFFEZ G2 2 L2 HWE LTWA, EHICM—T
L B VAKIZBWTIE, TN, AL ZORLLD0OEKEHANS Z LT, FhUZ
LB MNBEDZEMIZOWTHEMiZITR B L H 1T L7

EYETHAR - 04 AHLLE, 05 AH &K E&EtY —JU @ Cadence t: Virtuoso, Avanti #1 Star-HSPICE, Cadence #I: Dracula DRC,
Cadencet: Diva FZ > Z2&%: 10, 100K HMEF>  + €3I CMOS 1.2um 23mm £ F v 78R © TEG (FpikqE
flli1a] i 7 &)

WRBEEETIR

BRI KREZETRE  BFHZFH, KSR ES, 2HB6A

BIZE . LS O @ERLIEY, MEORELIZEHLTELL 0D, TODITI K
2% ORREERSLEL 2D, HH b EKE BB T 2MEL 2> T,
2T, MBEOBER L FRFEEZEE L, BRNA 7 AT 5 2 & CTETERICIZS
AL %, FHEEFICEN BRI ZERHTEL L) VAT AoV TORG 2175 7.
i, ZoOY AT AOEBOZOICERILESNIM A 7 A ERE L ZNICUELRTE
AN EBRBEORF 2 1T- 72, SHEHROFEZSERL, @EREFICOVWTER
LREON LR B L THH21T-72. Z0OF v 7%, LS OEEEE) - mEgEr 9
B 2500 BNA 7 AFANEE, FRICLELRERBRFEOZI %2 LimoFy 8
T L, ESICEERREOREEZHIFL-DICUBREZMAZDDTHS. BHATIIRRNINRTY -
ERSTHARS ¢ 0.1 A AR E&EtY —JL  Cadencett Virtuoso, Avanti ¥t Star-HSPICE, Cadence#t Dracula DRC, Cadence #t Diva
ST 24% 0 10 E, 100450 HIEF > 43I CMOS12um23mm A F v TR 0 TEG (MMM E % 2 &)

J4 o070ty YRSt ARROERET FOgoooooooooag |
BREISAKFEIZIEFIFN &, B @5, i &E, KFE, 0 4 gt - i

2R FF, HEHF B
BIZE  ~ A 7 u7aty PREHARBKORE 21T 572, 4 ofECid 11 ol %
HET L7z UIFRECTHRELR—Y v 7 VEHH LB — M7 LA T, 4
Yy b >%, D-FF, K-FF, 2E v b ALU 25l L7z, =2 —1 ¥ MOS [al %o Bff
HWRT B0, =2—0y MOSHEHE, —a—ur MOSEmERilL, =a—
T MOS L OHEMEHE LT, CMOS&NH#zE 7 VH Ay A A TRE L7z, €56
2, Y7 MLV R%, 4¥ v | SRAM, SRAM £V 7V h A& LTkl L7z, 2 H
WAM L7223y 72l L7zRE, W Lz Conll (CMOoSaitis, 4€y b
A yy, 2y FALU, Y7 MLV RF, 4E vy I SRAM) DIEF REIEZ F2l THERE
T AR L.
SEE (1] W, BE, FHE, T, %4, B2, A MK 2y b ra Tty ¥, p.o 140, PR 12 £
VDEC 4F4k (2001).
ERETHARS © 4 AHDLE, 5 AH K 5%EHY —JU . Avanti 1 Star-HSPICE, Cadence #1: DraculaDRC ~5 > X 4% . 1,000 DL I,
10,000 i HEF > 4 &3 CMOSL12um2.3mm fi  Fv TR TEG UFMEFEAG NI 2 &)
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U777D4ﬁﬁﬁﬂ§ﬁ4X—§fH§é;;Lﬁﬁ
BRAKEANF v —-EVRR TR M)—  thft MiE

RIAEKRERRRZE IR EE
BE v 7o~y HlZAALCT, EBRTF8MNSR2) Y77 LA 2Bk L Tw
5., ZOVYITTUAZEBHA T — 7 VOEICER L, [ oMERERLeszis, B
LEDWEHRE Y TNY A MW SHTHHFEERA A=V Y 2RLT 25D THS. HK
EL72F > 7%, ZOBERTI—OZEMIFH 72000 THY, #7—T7 NV
mEIRICGDE, LATY FERTwa. ZERET%, schThThoEiimEE <7
Y7 RANLTHIEL 2%, CMOS A4 v FC#IRL, #EICKRE LA NI 4 THOER
J B RT TSN T AR TH B, ADIIIETREHOF A +— FEAELE L
TWw5b.

ERSTHARS © 01 A AL, 05 AARG E%EHY —JL @ Cadence # Virtuoso, Avanti #t Star-HSPICE, Cadence *i Dracula LVS,
Cadence ft: DraculaDRC, Cadenceft Diva b7 > ZX &% : 10Dk, 100 %Ki #HEZ> 4+ v+ 3 CMOS12um23mmf  F
v 7#&3] . 7+ a2 (PLL, A-D/DC-DC I ¥ /¥\—% 72 &)

5l
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._sé_
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§

i

UV I7 LA A RESRA X—Y v ASEEOIRORE
HWRKENSFv— - EVRRFRSM)—  thi M

R KZERRBERMERAFRE L 4— IR EE

BE A 7uxd v EREFAHLTC, EEEF8M»LR2Y Y77 LA 2ELTH
0,:@UV77D4%ﬁﬁmﬁ?—?W®%mL%ﬁ?é;kf,mﬁ@mE%%&%
W, B Lo mE) TV A NMIHHFT AR BREBEEA A -V v 2R TAZ LR
AIE LTwS, MELZZTF v 713, COMEERSIVADRBRZOWY HZICH VST
ODOHDOTHY, I F—TVERBIRICEDE, LAT Y7 FERhTwd, "V AHOEFE
%, CMOSAA v FIZXVBIRTBHET, A v F 745622 HIELTEBY, ¥7
FL YA FEEEHVT, CMOS AL v F&2@INRLTWD

ERETHARS © 0.1 AHLLE, 05 AH KW SRSty —IL: C%mwﬁVMww,mwmﬁ |
Star-HSPICE, Cadence#t: Dracula LVS, Cadence#t Dracula DRC, Cadence#t Diva bk 7//:<9§51 10 L E, 100 Ki HIES

> v CcMOS12um23mm i F v TEER - MEMS

774 VREBEIRICHTIDT « I I IHB DS DEIEDHE
RREIEXRFARFRETRHEHN SAXE, BHEGE
BE: 7507 - 74 VY VERBNERICB T A2 RKOMENRO—DIL, T4 V5 Vg%
B § 572007 0y 755 N2 ML T7 Fa s g, M ny, 7oy
FEEOMREEHLI DL THL. ZOMEICHLT, &4 1L, 7HasNEkzr—F
VY7 THA, ZONEBICT 4 V7 VR E BRI T 572003 FERHEL, TONSF
PO SNIHEE T E RESHELL, MNP L 7G5 2 M) § 5% FHwT
REEIWICT 4 T VRIS S OME T BHET FEEZRFEL T L. BRFEE, 7Ly
FIT—MEEZIERE L TCWD, LV I T—RBEEZHRNLAESERIC, BHEETE
LZER BT 5 HETLHRO L IEIASEE L, HilEISILTs L w)MENEZ A LT
wt.é@@ﬁﬁf i, OBV Y FIT-NREBERFICESRZ L2 EICEY, Z -
NOSDORMBEEZIY BRWzEE 28 ELTwb. T72, TORBEUAMCHEEEESOREL 7o T b,
EXETHARE © 05 AHLLE, 1 AH K ERETY —JU  Cadence tt: Virtuoso, Avanti - Star-HSPICE FZ > X 4% 1020 L, 100
X HMEZ A3 cMOS12um23mm s F o TR L 7T VIR




SiEERIARRRTOHE . _ -
RREIEAYAZRETIEMRE SAXKE, BEHEE a AN |
BE kL), Reor V-7, THusHERiHCELCHLOETHD, Fib4a Vgt
FEAL SN LEAZ G e L, SRBIEERSIOREEL B E LT, HERESROR
fE%4ro T ab. HIEERIE, BREICHTL 22 6RALY, FHTLREMAZY
To5%E, KFAEOHUMIEE TS, 4R L ANES L, 2Ee s LY b3 AR Tu ATy AT
5 — L) HO THAM R E A S, BB B0 L LB e Mg, AR - P e e
R G ET B 720 FAME RS & A0 L 22 IR, 1.9V CTEIET A IKEEE T : e W
HARIES, HIFELELHIZIZTEVL 00 suW OB BN TEIET A HAMIEN 2 &%
27 b. £z, ADT V=TTl EED TS T u 7 HEHEGK Y — V& H _ HSEEn -
WCRER LSRR b S E TV B, BATTTYTTTITTIITT
EXETHAR © 9 AHDILE, 10 AH K %8ty —JU ¢ Cadence ft Virtuoso, Avanti #L Star-HSPICE +~Z> 2 X &% : 100 L L,
1,000 #iii BMEF> 4 kI CMOS12um23mm £ Fv SR . 7w (PLL, A-D/DC-DC I ¥ /N—¥ 7 &)

U J8 DC-DC EEZEIREIEAD CMOS A1 v F IR
REAEHIERITYH IDX ' F ™ B
BIE 24 v F M FRy 8y s Mz BEERRBIEIZ, /4 AP % L, £/
WLV E b D, 207D, BERFEHVZY, o ORI 025
HEHEDTWS, & Th, V) v 7o DC-DCEFEEREIRIE, Tur 57 VIZAN
BIEEZFABTTRETH L. KERICBVTIE, AL v F M Fy XV 2wz ~
71 DC-DC BEZEHM K % %51 5. SHORMECBVTIE, 2y FrHdEiMiTIcy
HZNA Ty RO ZBEL, LA 77 MkitEiro 2, /_EREKIEZ, +>E3
av ¥ s sk 1.2um, 23mmADF v FE LTEHRL, RMEF v FTNICIZ 82D CMOS
ALy FHEEESNT L. BEHIER BERRIIE) 18T - 72 MECBW T, . ‘ |
B 57— SR E TR 1y AE L7 | DS EEEEEASAES
EXETHART © 05 AHDLE, 1 AH K EREtY —JV © MAGIC, Avanti t1: Star-HSPICE k2> 2 X &% : 1,000 DLk, 10,000 i
HIEZ> &3 cMOSL2um23mm fi  F v TR : Zofil

P ULABEZHDOHF AREDE

BRAEHIESEFFMERERIEH IO

BIE 4, TA0HICBWTAF A2 LA RISH Y AT APHRESIN TN 5.
Mg DS BE 2SN 2 B TR S ND Y AT LADENVT 4 v 7 7ay 2 L LT, I
AFEMBSH SN 54, MEICH L CHEETH S T LT L. REFZEICBNT
W&, BRI U OB g & D O RERURERI Y A o AR R BEN T 5. REO N F A
FAMMBIET VABEETHWAZ LICLY), MEORFMEEZFER LTS, RAIEICIKK
&, ArkIa vy sy 12um, 23mmAOF v T I, REOTLARKOLL L L
B—RICHFAMBEA IS A 77 FENTW5. SHoikiHg, 8 EFUER 1
HTATo 7. BBV TE, BBE»S T REETH L HE2EL 7.

2E L - K. Eguchi, F. Ueno, T. Tabata, H. Zhu, T. Inoue, “Simple design of a discrete-time = B eyt -
chaos circuit reaizing atent map,” IEICE Trans. on Fundamentals, vol. 83-C, no. 5, pp. 777-778, 2000 E%Et#ARI : 05 AH ML L, 1 AH %
i EXEFY —JV . MAGIC, Avanti#l Star-HSPICE F5 > X 4% 10l L, 100 Ki HIEZ> 4+ v+ 3I CMOS 1.2um
23mmfy Fu TR EA N CGRELSR, REHRLGL)
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CMOS ¥ ZEEIC &3 DA/AD :/\Q
BRBEAYETEREYE % A7 (Pham Cong-Kha) | _
BEE kD CMOS 4 ¥ A=Y DA THE SN TV ¥+ 7 RMBKIZB T, EAHIE aladintindtanlagindinbiatl
CMOS £ ¥ /38— % O EFETHH PMOS & NMOS N5V YV ASOMEa Y527 % v A
gm&LTEHINTHWA., L2rL, CMOSA Y N—=F O TOBEBELXNVIZE -
T, INEDPMOSE NMOS F S Y YV AYOMEI VT2 5 v AgmA»PEHLTLIV,
¥ F T AP IR R IR 725 LT & 72, 4 al, CMOS A4 ¥ 3N—  [u] ik % K
19 % PMOS LONMOS + 7 Y Y AZ I T ¥ YRS OF kPl % 8L T & 2 #bifH
EROIPUAZEINCHR L, E#L YT 7 AOEAMEFFEIRTE S CMOS ¥ F 7 A A
BTHbH., ZOMEEHNTDA I N=FRPZEDODIA I N=F 2 iz a—7
WR—=ZAIDAYN=F %R L. VT UVIRAIDAL v F v IRERERZ T EFAL, - J
EAEE BEHE T OEIEROWPUETHIR I L I EVHENTH S I evbh o7z, ZOF v TITHV LN T AIPUERIERY &
Va iZioTHEIHAIN TV,

LEXH ¢ C-K. Pham, “A Novel Synapses Circuit And It's Application To A Neural-Based A/D Converter”, IEEE International Symposium
on Circuits and Systems ISCAS' 01 Proceedings, Sydney, May 201, vol. 3, pp. 612-615.

EXETHAR © 0.1 AHLLE, 05 AHAKG E%EtY —JU @ Cadence #k: Virtuoso, Avanti #1: Star-HSPICE ;5> X 4%: 100 DLk,
1,000 Kd HIEZ > kI CMOSL12um23mmf Fy TR L TFuIF Y VEBWLE SOk v ¥

1
1 I
o
i

ORGA (Optically Reconfigurable Gate Array) ORIRIC@IFT

AT EXZERTEE BE R, K2 X, /) HshH

BEE | £ D FPGA Tld, configuration data % >V 7 )VEREIZ & - T FPGA NEBICH % 7
Ny 7 7ay FITKMNT 5700, BNEEOFEEICKERMA25. T4, FPGA # <)V 571
Ly LTEETZIMOD Y, EERMPECZEDEEING. ZOMENZ RS
572912, ORGA IZDWTHIZEL T\w»%. ORGA I Photo Detector 5t & %, config-
uration data Z GIC & o TAEHNICH- 2 5 2 & THIEROFEEOFEHILEZ K> Tnb. T/,
ORGA IZIBSIT 261%, HOHN LDy — v Zisk L TBW AT Z S A8 % YL
THEILTHIETHEBT S, SHFEIEL/T v 71E, ORGA % LSl & L CTRAMET 51,
LSl Bt 28N 572000 TH5. A w3Ia ¥ 75 —to 1.2um V-,
2.3mm DT v T T 7. VHDL THi#ZE%2 LT, A¥ V¥ —FLLVa2RiiE &
7z,

SRETHART ¢ 0.1 A H ki %StV —JU © Synopsys tl design_compiler, Avanti ¥ Apollo, Cadence #l: Dracula LVS, Cadence fl:
DraculaDRC +Z > X2 &% : 10L.E, 10046 HEZ> @ 4 &3 CMOS1.2um23mmfy  Fv 7R : Zofil

¥
1
’

LSIEEaVYFTA K~ (1) 1712100
&IRKFEIEY el #£i5, MG E, Sl #%e, 257, E &7, )l EX 2 : ’ o
BEE I AR IR LS BRI Y F R MR ERLE. S0T VTR M, DL :
% L DEFHFEAIZ, TIVHAY AEETORBEEZ T )2 L L, FEBEOF v 72 ikl
FTHRBICEDL ) Bl BEETREDPEZTLH I DICEBL TWD. £BIN#HIZ 510
¥ b 1U6DHEMZEY YT, 5HTLFy 72T & LTHE2T7, HYETA
DDF v T TV —ARIZe—T L7z, BN L HHBEEHBM % 3%, BEGM Tt 8bit
g2 i%EI L, B0 S S7T I TOMEIGEERR, Mg, IEEE~—Y v 284610
TMERL % P L7z, BETINARE, sbitifids sHofl, Vo742 L—r 325, FWils
BZ & % ghit INfie 1HTH 5.

ERETHAR : 1 AHLLE, 2 ANH KW EXEFY —JU . Cadence#t: Verilog-XL, Synopsys #k
design_compiler, Avanti f: Apollo, Cadence #l: Virtuoso, Avanti #1: Star-HSPICE, Cadence f: DraculaLVS, Cadence fl: Dracula LPE,
Cadence #I: Dracula DRC, Cadencetl: Diva bZ>¥ ZX&%: 100 DL, 1,000 K HEZ> 4+ v+ 3 CMOS 1.2um 2.3mm £
Fy 7HER  EAINE GRS, BRERSRL L)




LSIEREtaYTFA bk (2) W= s N ] oo
. WETATETETY BT

S£RKRETHEE /TR, 2K EHE, @S2, sl 517, F &7, 85 RFXE
BEE B AFEEEZNRIC LI FEla vy T AMEERLZ, ZoaryFA M, 25xL
% L OFIFEAIZ, TIVHAY AEGETORBEHE--T 62 kL, FEBEOF v 72 ikEr
FTHRBICEDL ) BB TRENPEZTLH I LDICEBL TV 5. £BIN#HIZ 510
ErE U6 DMifia#l ) 4T, 5HTLFy 72MEY & LTikilzfrv, #HYTAN 1
DDF v T TV — A LI =Y L7 BN L BHEGHBM 23T, BT T 8bit
INEZRZET L, BOA S ST F COMRIGEIEREE, MHmE, BEEE~—Y v &2RE
TMRARZ & Pes L7z, BRETNZR I, sbit Nfi#s 4 fioofll, V) > 7+ T L—Fh 40, /< 'J 7
{4 Fzy IR LFETH 5.
EXETHAR : 1 AH DL, 2 AH K §%EHY —JV @ Cadence #l: Virtuoso, Avanti tl: Star-
HSPICE, Cadence #L: Dracula LVS, Cadencefl: Dracula LPE, Cadencetl: Dracula DRC, Cadencetl: Diva rZ ¥ X %% : 100U
F, 1,000 K FRETF > 4 €3I CMOSL12um2.3mm i F v TR EE M GRES, BRERR L)

LSI >X%/EB 7JO—-I\KY¥MAFv 7T Ver.3

£RKETIZEEH L) EX

WE  SIRK¥EVDECH 72 v % =MD LSl 7 2% (IMSATS100) BX BT —
471 —,% (ADVANTEST E1380A) %2 $ 5720, #EHXTFAMEERHT Y 7%
fERL L7z, LSI 7 A% OB NAEE LT, VDECDUT A—=FETOEYTH A v,
Verilog HDL iI2 X W ER L72F A MY M VIC L BHERET A b, ¥4IV 7F A b, B
RV UVTFAMNERITFIILERELTCNS, T2, EB 7H—NOFHNEL L TR
BERORIL, LS 7 A% ORI, %85, HEE, ﬁﬁﬁ%%@%?m%f’ﬁ%ﬁi
Fo I, Shith Ty, VT F Y L—%, BEGNEENy 77—, MR A
L=, Ty TR Sy B, L= 4 Y ZEREINTEY, AHIZCAD F
Cr—3a y LIBBEIMTZD LA T Y MlhoTnab. i .
SEXH . IMS ATS-100, ADVANTEST E1380A Users Guide EXETH#AR : 0.0 A &K EEHY —JV © Cadence ﬁ Verilog-XL,
Synopsys L design_compiler, Avanti £ Apollo, Cadence #l: Virtuoso, Avanti #L Star-HSPICE, Cadence #1: Dracula LVS, Cadence #k
Dracula LPE, Cadence fl: Dracula DRC, Cadencefl: Diva k2> Z &% : 1,000 Ll k., 10,000 ki HEZ> : + €3I CMOS
12um23mm £ F v TR . Z At

ERMERR/ZREHE IV bO—-5
SRKFTHY Al &k
BIE  EFRECRES  mTa 151—57 RS 2 BB RIS S 2= DL VRS &
LCEMoRETrEV2ERLE. MOBEFEVE, BFar¥a—%I12B005 12&F
Cy MHST A EREEROL YA 712@ D, LXRICEZIF 2 RICICEEHEHRT 5 2 LI
JVLETEY FEFEBT 00BN TH L. ot LIV & A O R U
TOLEEEEEZDE, VAT AORBIE, SR EVOMRIRIEIC L > TEE SN
7o, BN TEIC=F VEHET 2 S5 720 OB HEFRE LS EHEuHRE TR AT RE)
WL LD, %E?%ﬂk%;%’\“ﬁ POV O OBUE & BRI & 17 9 72012, BWHEBERAES
DRMEERAT o7z, SN, RHAMED - 72720, AR E B ERHIC X ) EEZAT
of: BRI 3~ 1\ O — 3 R AR O MK O T 3 5 BRILIK AD 253 ]
A EH Bl OB ERERE & BB 0 720, BRI T Y P u— TG DAE F /7@*%@%0 iﬁi’ét
%ﬁ%xﬁk IEICE 2002 fE# A Kk& A-1-7, 3H 27 H (2002)  E%EtHAR © 0.1 ARG §%8tY —JL . Cadence tt Verilog-XL,
Synopsys fl: design_compiler, Avanti L Apollo, Cadence*L Virtuoso, Avanti 1 Star-HSPICE, Cadence fl: Dracula LVS, Cadence tk
Dracula LPE, Cadence fl: Dracula DRC, Cadence#l: Diva FZ >3 X &% : 1,000 Ll L, 10,000 FKim HfEZ> 1 4+ v+ 3 CMOS
12um23mm M F v FER EEOE GREAG, BREHR L)




N\ T D

FGMO&ETEHMki?ﬂEﬁEEﬁé;;%ﬁ ) —semeoe |
BEAARTIHE fhE %S HEaE ' =i AT RN
BIZE | FG-MOSFET % \ 7=\ 2Ryl ik 2 Ak L 7=, K5 v 712, il
T ] s A, KBTI HAK, 2 U e TR R B & KBTI & — M L 7z [l o> 3
FHAIEDAAZZ. SOF v FIHEY A A P27 HIPLIN % O By fE)F 313, cross-coupled
OTA pair BRI HESWTE Y, FhEA»F EFT Ly v a VHOBEEZT 5 FG-MOS BE Ll L
FET %V THEBLL, BNy CMOS 7HE A TORELIIICL T2, CoFy 7 S
X, HEIEATERBIE A Ob & THLEOEEZ O L2 HETL L, RV Ial Bk
—va VR EEBBREEOBE T S EFHE LTREL 2.

SEE (1] JhE, —E, PR, fUB, “FG-MOSFET % w72 MOS {4kt al #% o —
U HE & ZDMNT  ECT-01-5", pp.23-28, 2001 e ed L
SRETHART © 1 AHLLE, 2 AH Kis%stY —JU ¢ Avanti #: Star-HSPICE, Cadence 4 DraculaDRC ~ S>3 X 2% :
X SHEF> I cMOS12um23mm g Fy TR 7 v (PLL, A-D/DC-DC 3 /=% 7 k)

i

10 Ll I, 100

FG-MOSFET O#hFOLEVWERETOJISE VI EEOREEZDT 1 ILY
~DIHA

REAKRZTHE T B5—ER, HESE

BE:NSZAMNF VYIRS #MLCTIU—T4 Y7 = b EOBEMEZHBLT, 7u—7+4
¥ 74— h MOSFET (FG-MOSFET) DANFTD L EWVEEZEZIC T AT S5I 0 /T
L, 70— 1 77— EOWMPEMIC X S FHIEEL & FIMERIC L > THRPT
DLEVEEZRETX LM, MACETNEZREESEEHMERE—FIRFEY
= 7REGEE T 4V Z e LzEEE 1Ty FICERIL L. s, EiloF 2 b
MomEEzFE—F v ZICHED 2720 0T, ZHEPHEOBECHEZEHLTWD
MEHERT L2 THME LT, KAF v T2l

sk (1] .k, P, HE, HE, “FG-MOSFET OAMT D L X WEIE Vthad 7
Oy Iyt ZomE ECT-02-107, ERFRETENERER, pp. 49-54, 2002
EREHEARS © 1 AHDE, 2 ARG E%EtY —JL © magic-6.5.1, Avanti ft Star-HSPICE, Cadence 4l DraculaDRC, kS>3 X%
#}:10LE, 100K FRET> 43I CMOSL2um23mm i F v TRER - AN GEER, BRELRR L)

1 EL T FG-MOSFET (REER2EHNERT— FMEELER D 1 IL Y DK
1€

REA XS T2 FiR FX, FlLUB—HH, HFEEE

BIZE | FG-MOSFET % W /- K B L 2B R B i € — NS4 2 iz 3 ROKE:E
W7 4V R 2FEBEERMIL L. KT v TITMEVAAZE ST, fERMMERZE I
(CMRR) 2MEWE W) [EEDH Y, 4 E CMRR %D 728, CMFF (Common-Mode
Feedforward) M MARA TS, £ 74 VT DOH v b+ 7REERIEZFNRZFN IMHZ
EBEMHz TH B, TOF v FiF, &7 47 HIEH 15V D & THEOEZ 98
T5Z &, CMFF OHLARMIZ L D CMRR DY EM R 2R THLIE, ROV I 2L —
Va UIEREEBRRELOMAEEITH) L EHNE LTREL . il e
BEHE : (1] P, HEE, Bk, “CMFFIZX 2% FG-MOSFET &€ — FHH 20 EEEESEEE -
CMRR UEICRI S % — MG ECT-02-12", BRFXE T RIRIFEREFR, pp. 59-62, 2002 EREHHAR : 0.5 AH DL, 1 AH K
E%ETY —JU © magic-6.5.1, Avanti ¥ Star-HSPICE, Cadence#l: DraculaDRC +Z > X &% . 10LLE, 100 ki HEZ> @ 4
Y3 CMOS1.2um2.3mm f  F v FRER | EA M GRRS, BRI L)




SHROERETRBAF v JDHIE

REA XS T2 I RE, Rk &, FiR FX, T B8, BHE &#E, #HLESE
BIZE . MINH, BXOTFAMOOO 4HEHOT3:% b 72 FG-MOSFET 2 AR F v 7
WHERAL L7z, KTy TIESEEP S EA Y AT A LFFR 3 EEZ MR L LThE 725
v TEER I F—12BWT, ZOZMADNNEEE, VAT NEEETo Ty T TH
B, AF v L, BIRHTIEZR L, FEECFy TEEOFEB 2 S5 L2 HME LT
W5, HEEEARICH L SIE RS, FAESHEWICHEZERL, SEhroLr4 77 b
FCHRITo72. SOF v FiF, BRI OVTHEL L WV AN 3EMBETEY R
7-. & 1
SEXH (1] FE, 8, P, SR, “FG-MOSFET % JH\272 MOS iRl HEPT oo — B A S
YR & Z 0T ECT-01-5", pp.23-28, 2001 ' abER2R b |
ERSTHARS © 1 AALLL, 2 ARG E%EtY —JU © magic-6.5.1, Avanti 1 Star-HSPICE, Cadencett DraculaDRC k5> X4
10k, 100K0 HETS 43I CcMOS12um23mm i F v TER - F o

—a1—0Y MOSFET -« 4 2VI\—5Dx{E

EBEREXERIERMER B EF

FTEERFETEH RHE

BIE  REFE=E T, =2—8 Y MOSFET Z# W=7+ v 7 - 7 7 )ValEEiEE O
#fToTHBY, B ONERMEE, =2 -1 MOSFET /7 L ¥ b 35—,
TFa G GEEE (FRT S, NG RAVYT I I VAT YT, T4VEF) DR
fER TEG 2 #%El L7z, 4, BABTHE 7O v 7 OMEDO/-DI2E T, MOS bT »
VAZ R =2 —1 Y MOSFET D& AEFMAZ HWE L, 7TAXZ MLORL 2
npMOS ~ 5 ¥ Y A% (WIL = 20/4, 20/20, 20/80, 20/100), AJidmT-% (2 AJ1~4 A
7)) %L np=2—1 Y MOSFET (W/L = 20/20, 20/100) K f==2—1 ¥ MOS A
»oN—% (W/L = 20/20,20/80,20/100) DIEM %47 o7z, Z DM, F v Tl iE K% (1 O 8 O
VBL 70— nN—% W7l %479 720, 8y FRI 2 AN=2—0 MOS A ¥ /N—% ZEK L 7.
EXETHARE © 05 AL E, 1 ARG E%EHY —JV @ Avanti #t Star-HSPICE, Cadencet: Diva I > X 4% : 10Dk, 100 %
i BMEZ> At CcMOS12um2.3mm i F v TR C TEG (GREFFAMm#E 2 &)

PMOS ¥'— FEER=IHISEEES XA—-Je2Y R T T G T
HRAZAZRIEHMBTLERART  RE%E 3
KIRESEEARZHESERESR REB

BIE R4, WEORFMEEREZEH T2 LA A=Y o4& LT A 2 —
TEVHERREL, M BARERT TS, ZRETORECBT AMEO—2IZF 4
FIVvIZLYITHY, W, TNEIERT L7290, HROMMELIZRL LW ODON
FRET KA TS, WEEED MOT00-1 TiE [1], MHBHEMN S v /33 ¥ 2 EROBEAH
WD — MRALEAEICATE L, EARNREELRRE L. RAEED, TI&kHE 2ok
WAL, ZHEMMEA A=Y v FoRME2RALZDDOTH D, ZHIBFEARE A 2
— Tk yPIZONTIIHBHR— Y E M,

SEIE ¢ ki, wHE, SARRAMEA X =Yk Y (Fr o8V S WMD), p. 91, 2001
4 VDEC 44t (2001)

ERETHAR 0 1 AHLLLE, 2 AH K 5%EHY —JU © Cadencetl: Virtuoso, Avanti #l: Star-HSPICE, Cadence £l Dracula LPE, Cadence
%+ Dracula DRC, Cadencett Diva bZ > ZX &% : 1,000 L E, 10,000 & HEZ> : 43I CMOS1.2um 4.8mmfy  F v
TR A A=V VAT — kY
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N\ T A

?fhfj?ylgﬂ;ﬁﬁﬁﬁﬁ4xdy\ B %ﬁﬂ”“Qﬂﬂﬂﬂgggﬂﬁ#
ﬁ?kixiﬁﬁﬁﬂzi%m%ﬂ Rk B 3y — e
ARBREE AR A EHY R B 3 e
Hﬁ.&&u,W&®MWWIﬁ%ﬁmTé%Lw4x—yk>#&Lfﬁﬁﬁ%%x— : ”E
TR UHEREL, BIFE - BRI T A, FEE MOTO0-LIZBWCiE [1], WERAHE 3 e
A A=Y e OMBBEL= v b & 20705 30 L2 SHIMHN A 2 -V F|| |E
YHERRIEL, BAMNGBELZHRLZ. ARETE, SHFHHEA XYL Fo’k 3 i
BEHARE HIGE LT, SWEOEMIEIC T + b b7 > V2 sk BA L i 7 SF fird
4?%%&# ARIETI, T 9 HGHGE L BIFfERE O 20, Wik 32>x32&L, I e
TR, RIS, AN LBEOMEIEAT ¥ TRIEL TV 2 PMOS 7 — M ERA 2 : ; ) il
@%@%T*fﬁb’(b‘ . }‘x\?r_r_r:rnnmmnnnnnrffi

B | RiE, T, SAHREHAMBE A A — P ¥, p. 91, 20014E VDEC 4E# (2001)”

SRETHARS © 1 A DL, 2 ARG &5tV —JU ¢ Cadence#t Virtuoso, Avanti #t Star-HSPICE, Cadence*k Dracula LPE, Cadence
#1: Dracula DRC, Cadencetl: Diva k7> X 4% : 1,000 Bl E, 10,000 ki SHMEZ> © + €3I CMOS 1.2um 4.8mmf F v
TEHM A A=V /A= Y

FUFv o0y IRBRAEREREDHIE

RIEXFXERIEZMAR  AHES, )& X5, KR =i

BE <~ frusorydoray 7 BHIPELRLI2ONT, YATAEFEICET5Y
LIV REEMITT 27201270y 7Dy § RREICIET 52 L& b THEL &
5. GHz VLY YVomRAlray 2 &% 7Fy 7Y L TREET 503 dEHWIca 2 b
Wb, TDD, FrFyvTTruy s BREBIL ) TEOREILENTHS
SINE, A rFy T ray s ABREE AR T 5 ERMBKE A L7z, BEL 22 mEgIX

R vy 7 EE0REEBS &Oﬂﬁﬁﬁﬂ%kﬁﬁ®7ﬂ/7hﬁ%§ﬁﬁéf
DINFTVIHThHbD. T, 7y 7 EFHRELTY) Y7+ L—F &2l L7. Y
YIFYL—=5E, WIEATNCE Y RIROF A T EHICY VRS LS TESL. 1 M H —
WS RGRE<NVF T VL oHNoay 2TV 7 IlH-2 b8, 7AYEF O Ra mﬁ‘snlunnllniﬁmh[ﬂr
—7ELBbTHET A, WEHREEb e, FvFy 7oy 7 BRREOMEEE T 5.

ERETHAR : 0.1 AH DL, 05 A& §%EHY —JV © Synopsystl design_compiler, Avanti ft Apollo, Cadence#l: Dracula LVS,
Cadence#l: DraculaDRC  FZ > Z 4% 1,000 Ll |, 10,000 FKim HfEZ> : 4+ v+ 3 CMOS 1.2um 48mm £ F v Ji&H
Z DAt

T R T T R B e AT

'I"‘I

MOS BREICEB U708 PLL O{E };-uuutuuuuuuuuuuﬂ
MHEXZEIZEESY T #4S, 1£5k 0E, FEXA, L& e Lim= oo -
BLE 4R, T4 VY VHEOREE LS OEERILOERICIEY, F1 Y LVED
PLL ol % R U 7= A8 RESERE IS AT I 2 T & /2. L LIRA W, T4 VF VB PLLICH
L, 7587 PLL OFEE A2 L 72RH 5 b KR B O M HALASTTRE & 72 8 L\ el
B EERLCTE 2 [1]. ARIEHETIE, CMOS 7y Y2 VI ZISH L, 254
BT Y=V RV TRBEEA LT TR VR PLL 2L L, TOEEERMRGET 52
L HMIZ LS Zikdl - EL 72, REFHTIE, ERLEE SN TELRKTe Yy 7 2
WRWPLL M EZHER T2 2 E25TE, MBEKRO LS FR L RbLEZONS.
AIEL72ICIE, 77 PLL ORIk 2R 27Ty 7 B L ED T A
MEIE S, BT Ty ZICEENLIRER, &5 NICEENICH 5N L FHEIE KO > THE e
AR ORI B TR S NS, 7 A PEEOFELZEHIIT 2 2 L12X D, FEM LoD 0RkH T — 7%@6 k#f%
7o. REERIE 1Ty T LS, BEICHERBSGNIRE L ZE 2 5 b,

(1] ftiE, L “CMOSLSI 7312 PLL O—#ME", 1999 4B T IH Gl # SR A NS, i - R, p.51

ERETHARS : 1 AHLLLE, 2 AARE E%ETY —JU © Cadencetl: Virtuoso, Avanti 11 Star-HSPICE, Cadencetl Diva, kT > X%
# . 100Dl E, 1,000Ki HEF> 4+ vE3I CMOS12um48mm s Fv TR C 7w (PLL, A-D/IDC-DC 2 ¥ /N—% 7%
&)
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64 x 64 EF=HISMHER1 X—-J /Y . ’_&ﬁi&ﬁ%
RRAEXEIREHRETERMEN  ABEL, TEE &
KRESBEXFZEEERESR KB B

BIZE @ &4 (ZWEAE MOTO0-1 125\ C [1], WM A X =Tt v oMBEEfEL= I
%2005 3D0IHE L SHBEMMBEA A -V v 23 EL, AR ZEIEEZMERL
72, ZOA A=V o, AP EZA2BRETESMTMASZLICKD,
EAME RO E 17 L — AT CTE20I2H 5. HEDOF v 712X 2 BEfERE 5
T2, AREE, ISHEBR~NEHATREZEROEREZHE LTiTR o7, BARWIZIE,
T B AT R OB IE 2 N 2, Fefigs, MBI F v 82 &, FiA LRI nimE
ORETEIMERMERR L 7R 2 R L, 64 X 64 BiFZENDILIRE 1T 7% - 72, :
SEIE R, D, SAHIRFARE A A — Y v, po9l, 20014 VDECEH (2001)  [mrresoimm i i e i e
EXETHARE : 1 AHBLE, 2 AH K E%EtY —JU ¢ Cadence#l: Virtuoso, Avanti fl: Star-HSPICE, Cadence #l: Dracula LPE, Cadence
#1 DraculaDRC, Cadencefl Diva ~Z > 2 X &% . 10,000 DL I, 100,000 £iii HIEZ> : 4+ &I CMOS1.2um 7.3mm £ F
TR A A=V VAT — VY

L CL i G i e G U

f R R R e L RN AR M LR T AT ERA Y |

1BhHiAHE FES BT Y9 IV HIHSKEEE TP TTVL RNy XV U RN RRANTCLY
BERFEITEY =15 #, =15 F8B

BIE | SIS & 0 B REC AR HE & 20 CIUBGE BB BRI S 72 o 72 BE o @ Bh b
REFHEE 21T 9 72D ITARREM B AU (FES) 2B R TH 5. HIPEEE & JHEm & RN I
SEAITHLD A A FESE D AR FES M OB FE 4T > TV A%, TIUCIZEEE /N
(LB BEENSLETHD., A7y F—Fe vz @ik, 5V 5 Vil
[0 BB % 2.3mm 12 1422 77— S THIO B LS TE 72, 728 —RMEEBTH W
FPGA (2L % 7V & VISR TIX, FPGA D> 7 4 L —¥ a3 Y% L OB
HTHEREEAFALTVZDS, SHOBMEL > THONZZMEKICLY, 2747 L —
Va YEBROHIBEZT TR, BEFROERERI DL TLIENTEL.
EXETEAR - 05 AHDLE, 1 AHKGE §%EFY —JV ¢ Cadence f1: Silicon Ensemble, o | O,
Cadence I Virtuoso, Cadence #: Dracula DRC, Cadence fl: Diva, Cadence#: Analog Artiss k5> Z &% 100 DLk, 1,000 i
HIEZ> A k3 eMOSL2um7.3mm fi F v TR L 77T VRRK

100 x 100 EZRHEESREEREr X—J oY Pt e
RRAZAZRIESHETYRMRN  ABRE, RE% TR e T
ABRESEEREREERER Kiew

BIE L4 OWRECTREL, BBERIT T LEERAMEA A=Y i, AFHEmE
LA WMFR WO SIE S & ORI Z M5 2EFZTTH Y, BEOREREIEH
ZIEH L7728 LG~ oIeH 2 e L 35 [1]. ARRIEE, ISHIEB~EH R %
TRz b o>F v T2 BT LR HME LTT Ao 72, BARMICIE, BIREEIHEE RO
BIEZmz, s, HEEEH Yy Y%, GAM LI N T ToRIEIC L ) EfE
MR L CEMEZ BRI L, W% 100 X 100 ~LK L7z,

BEXH | K, Wk, BHAEEA A -V (53D, p.47, 19984 VDEC A fd
(1998)  ERETHARS : 1 A LLE, 2 AFKiE SEHY —JU © Cadence#t Virtuoso, Avanti  mri AT AT T4
#: Star-HSPICE, Cadence #I: DraculaLPE, Cadence fl: Dracula DRC, Cadence*: Diva k<> X4%; . 10,000 Ll L, 100,000 i
HEF> I eMOS12um7.3mm fi Fy TRER A A=Yk /AT — bW

R R O R PO C R R O el

B e i e e G e i P CD LR LT
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FR12FE 'S20 -AixdtistIar5s4 Fy 7k
(HHS002)

509 IFvINVF

REAXFZFXRERETERARBEHRER BESXE

REKFEIYE oA BE

BE 7ru x5 VN Tae ARG CERETT 5 2 ERTEILE, BILED b
FYIVAYEFHTESL, 7TULAIAMEHIHT A EANTEEHEDRX) v MVEFE
N5, Z07HDICE, T4V 702 EHWTE ¥ /8y ¥ 2 HEREHETPIEY) 2 F 74
{TIEARSLRV. TAE, RS- OFREZKE LTSI Lo hER SR 2
TN XAFZNFNRTY I ORMEEITo7. 797 I NVEBRENCLZEICEDVEEAL V5
25U A Xy RNV LOOHNTIES - ) OFREKREL LB I EDTE LA HGE
FTHOIZ, Ty AREE VAN PEBICESCBIRICOWTEERITTo TV D, Hb
BT, BIFFRF v /8T 7R LEIF v v 5120w Th LA 77 b EfTo .
EXETHAR 0 00 AHLDLE, 05 AH K 5%EHY —JV © Cadence tl: Virtuoso, Cadencefl DraculaDRC +kZ > ¥ Z &% 10 Kifi
HMES S CHVAtiEEI 2 ¥ 7 ¥ — CMOS05um 2.3mm /1 F v TR . TEG (hF:RFAmm % 2 &)
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HIB b RIVERIBY— S MOBILE DI ab—Y3vEEg
ZHEARZIEHEH AP RE fiEE—, kK& F

BIE | YpFge= <k, @md, Be BB ES TR 3505 b v A VFEF & WM Si-LS
DG HIF L7 2175 T b, RIFZEIE, KB M AVETFOTZI 2L —Y 3 V[
% S-CMOS THE$ 5 Z L 12 & 1), [koILE b ¥ A IV/CMOS EFEH HOBERL L O
ZOEMNMEEZRFTLZEZHME LTS, HEERF LB N AVETOLI 2
L—ya v xzHwe, #BEE - SEREeklm s 2 Vi sy — F MOBILE
(MOnostable-Blstable transition Logic Element) ® T3 2l —3 3 YAz EZEL 7.
MOBILE TIZ F I 4 /85—, BB N Y AVETTH L0, T3 v ¥ BAIELH
LCBHIELSHE M Y ANETFOREATI 2L —-bTEL L) TRLZ.

SRETEARS : L AILLE, 2 AR E&EtY —JU . Cadence ft Virtuoso, Avanti #: Star- i :
HSPICE, Cadence#l: DraculaDRC FZ T X&%: 104 HfE5>  HudtifEt I 3427 ¥ — CMOS 0.5um 2.3mm ff  F
v =a—7ruy
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EED NS |

IHEEEREaEaR

HNEENEHEEREER

REBRNUIER - RKETHEE

HHBERFTRE KEF ®IF, HEZE

LHEAFAERIEZMAER B —% SAER

BIE . LIEEE754 FE/NI BRI OB O R AN R L L, WHE Y 7 MEIHED
ChRrFgmzedfEL 7. BUEEMA SN T RA Y 7 MIRASRE, £270y 7 Tz 1LY
v MrdoROL 2, F20F, 28y M T ORDLEHAD L DN . S IELE
L7zBrfanid, B 22 _BERZIOTHY, EK40bo LRtk #%27uy /T
Z2Ey Mok s, CEOKIEIRO -2 EE LT ) 2T, Eid s
WARTHHICR S, 202 OIS THNS EE - £EOFHR % SHI1T ) Mk ORI % 47
o7z, IEBE - REEOEHEHE LT CORDICED AN TRY, TomibkoFike LT,
WEREHEIZ IR 2 R Bl 2 v 7 T E RS & IR REESRE SN TW S, 4H, 12
S — BEAHIE & 47 9 AR M 1000 IR - RROGHE N2 AR E L CRIELZ. 0<0<n/4D#ifiD 24 v b 2
WO EATEL, snBXWcos@ %24y b 2N E LTRODFEENRE LTV,

ERETHARY : 2 AHLLE, 3 AH R E%EtY —JL © Cadence f: Verilog-XL, Synopsystk design_compiler, Avanti 1 Apollo,
Cadence #I: Dracula LVS, Cadencet: Dracula DRC k> X &% 10,000 L\ I, 100,000 %ii SH{EZ> : HydbifEteIa v s
7 % — CMOSO0.5um 4.8mm i F v FHER | WA ME GRALR, BREHRL L)




64 X 64 ZRE - RFMF=ZvILYIRIYaveIy
RREAZITZRFRF  Kith thé, AHH

RREAZRAERERS X7 LEHEMR L 24— (VDEC) 7% H FiF

BIZE | S F S0 RRBBC B 2o =K0cell 2 FHT 5720, MEBEEMIG
BB X OHEMEREZHESGTHIET, hWIFAFIv Ly IVEEnwREY Y a v
MHREZEH T LAY PRI Y a v o323, WFEIIMOSF Y 8V ¥ 25
DT2 b7V TIAZETF MFAF— FTRIL SN, WO A XL 40um x 40um, B
1313 18.05% TH 5. B L Y FEBICTHT 2 %4560 (SBR) #¥-10dB BLF D&
JRE A 46dB 12725 THIHANETH ), REEKEHN -144dB THAH I L2l L7z, 7
L—2 L — MImKT2000fps TH -7z, T2, SOy Fefniz=Xxitlly 27 4
EREL, BOTEE T TOZRICEHI &7 - 72,

ERETHAR © 05 AHDLL, 1 A KM EREtY—Ib: Cadenceﬁ Virtuoso, Avanti ¥l Star-HSPICE, Avanti £l Star-sim, Cadence *i
DraculaDRC bFZ> Y X%%;: 100000 Dk SHEZ> @ Bl I 242 % — CMOS 0.5um 4.8mm £ F v Jf@5H] : 1

— Vv YA — bk UY

IP XfZBENE URESRF v J O ERET

AMKFETFE  HE5IE

AMKERERS A7 LIEHFEEF ELEE KBEEE
AMKRERERS A7 LIEHFZHRRE REEA

BIE [ o LS ikaHa F 9 F TRBB O OB R 2 I oo TV 5. FIREIZE
%ﬁ@ﬁﬁ%:xb@%ﬁ#*b%nfwétb,uﬁ@ﬁﬂm%ﬁmtttwwﬁm
WEEICRD., 5%, IPORENFEFTETREL AL LEHLNTHY, IPEEEIC
I—FHPFFA LR T TREL T LESH L. FTrld, SHOFEHNELERIL,
EHBIPLLTCAMT2HELZHIEL TS, COHMIRY y MLoE) Ffigisd, 3%
EF R EHEIMRNE - THETL, ThZhoMliEr—s 2R/ F L2 ETIPE LTAM
THIEIZLY, AHZOLEIIG LT, #E, HREH, BLOHEORL 2 EHEG R BEENRNROE
Ly, ZERTZBUEOFEHFR L BN CFRICAHTAZL2WHELTA2HETH L. Shlid, BUEHRETL TV 2 FEEEFHO R
OHN S, Array B, CarrySelect B, CarryLookAheadSelect %!, FastLookAhead %, Ripple i ZNZNOFHIFIIOVWTI6 Y
v FOLOEBIRL, EEETo7z. BMEF v TOREE, NSO 5OOEERIZOWTEEMR, HE, WEE, FFax s Mb
BT TETH 5.

ERSTHARE © 3 AHLLE, 4 Ak &5tV —JU @ Synopsysfl design compiler, Avanti 1 Apollo, Cadence I Virtuoso, Cadence
#L Dracula LVS, Cadencefl DraculaDRC +Z > X 4% . 10,000 DL I, 100,000 Kiii #HIEZ > : HudtifEktIar s s 5 —
CMOSO0.5um 4.8mm f  F v FHER | A GRAL, BREHRL L)

ANESINI—V = EEUBEHRERDHE
AMKRERERY A7 LIEHFZEREF ELEE KHEEE
AMKFERERY 2T LIEHRFENRR @ RTEEA

BIE KA IANEE Y — 2 ZBRB LANHE R Rt iat Lz, ShafEL 7z
WER AR R T 24 1 €y PN (FA) OANEZ/y—Y2FELT (1)
BEDOFA VS8tV 2 IR, (2) AWmFoOEREEET L2 L TIREN%
FIHWAMMCTELERM 16 ¥y MRIERTH S, FA L LT 2 MO -G 0 R 2%
LeVEHEL, TNENL T VI A A X & LARE DT & sEREno 2o
EEB L7z 3¥ v PORFHEIZBWTHE S I 2 L — % SPICE & Hl w72/ % 32.1%
OFIOHIAER T E 72, FRHEHFO Ly TOAMIIETIEF ORFHZOAT—5 1
LW T =2 Mot DN, AT o8k ik 2 EFOT R 2 #lHH, Lo FA Vo
HEAENCTE20OHMBBB LY, EOFALVIIINGDTF—F 252 20 HITE 2 AJjF2HE L.

SEXE - (1] =i, Ak, K5, 2, ARG NY — v 2 FE L ARED FEAE S R OB ET T, LA AR G,
Vol.4, (2001)  EXETHARS : 05 A UL, 1 AH R E%EHY —JL ¢ Cadence#f: Verilog-XL, Synopsys#t design_compiler, Avanti
1 Apollo, Cadence f: Virtuoso, Avanti # Star-HSPICE, Cadence #1 Dracula LVS, Cadencetl DraculaDRC kZ > ZX&%:
10,000 B I+, 100,000 Fiii FIES > @ Hdeiit I 3~ 42 ¥ — CMOS 0.5um 4.8mm ff  F v 7HER - A EE ORfdw, BRE
L)
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¥ 13 FE 'S4 B -HidtistIavd74% FuTRME
(HHSO011)

HIBMYRIVHES— PP MOBILEDIZab—vavERBEZNZERAWE
Cellular Neural Network

ZEBEARZTEHER AP RE siEE—, kK& F

BIE o, B, EERREEsTRam FIRETFCTHAILE N VA VEF LR
R SI-LSI OR G E HIEL 224> T b, KifF%eid, B Y A VETFOLI 2
L—3¥ g V% S-CMOS THER T 52 £ 12X 0, [k IEN b > % )L /CMOS 44 ol i%
OEEB L OZOBMEEZRTAZEZHAMNE L TWAD. S THBEM - BikiEs It
W k> R IVinBis— kTdh B MOBILE % Hv2 72 Cellular Neural Network @ FE8l% HI& L,
ZOIEARFEE MG Lz, R 220 MOBILED LI 2 L— % ulig, StANHD 7
F MFAF =K, EARUWEWRELEHHE MK & TH L. MOBILE ORI TH % HEL
E—ML BB E R L, FEE I H 2 [ 5% CHERE T 2 7 Cellular Neural Network &)V %
BEINCERAR

ERETHEAR ¢ 05 AHLILE, 1 AH K 5%EtY —JU @ Cadence ft Virtuoso, Avanti #1: Star-HSPICE, Cadence ft Dracula DRC k<
CPUZREE 108, 100K BRMESC  HAt#EEEI 2 ¥y ¥ — CMOS05um23mm i FyTER o —FraY

OEoEEEEEEaEan

EEooEROEEOEEl
EESECEEOEEE

EEnEpEEEEEEE

Winner take all EI§g

REKXZHESARFEHER  0H =N

BIE © Sl L¥BEAXMEEZETFTVOREL LTIF—% yOHCHELE~ Y 7 (SOM)
PEFLNL,. HCHEt~y 7T, e LTANRESICR TR EN 2 #/Y, F
e F U TRIENARELOFEFH 2179 . RKF v 7 TIiE, 4208 HERET 2L L
LTADL, BHCANENBHEEB IR DTNV ENO TNV ENDT 5. HlEoRHa
WZIF 2 FHEER T b mIEE, AR, 23R, MRS, 23— BITEy
oSy — VRS LS S A, T 8MOBMALRICLY, AETL 400
REHFOBMOEER LY, TNETROMRFTIIBITLETOELIEROEE, ThEh2
FLTMERCHT L. MSh7z4200%EF% 6803y /SL—57 THIEEL, )
BNy MY — U ERGIENEKICE L TRETOTXVENT 5.

SYETEARS : 05 AL, 1 AHKil §%EFY —JU : LAYOUT EDITOR (Cadence), Avanti #: Star-HSPICE kRS> 2 &% :
100 Dk, 1,000 ki HIEZ > HydbifzkI 2> %2 ¥ — CMOS0.5um 2.3mm /4 F v 78R : 70 715V 7 Vg 57
oty

BEEEE

ol el ] & ] i e i s

E@E

CMOS Y7 JAEigICKSD DA/AD AV IN—%

BREEAFEEEFY & AT

BEE LK D CMOS A 2N = DATHKENT VLY FFAREBEIZB T, EAHIZ CMOS
AN—F DR EFE THAH PMOS & NMOS bF ¥ VAT DME V¥ 25X g mELTHEE]
ShTwiz. Lal, CMOS A =5 o b F O BIEL NVIZEoT, 260 PMOS &
NMOS oY VAYDME VT o5 A g mBEEHLTLE:, ¥ F 7 ANBICIERIE 2B
ik ab 76L&/ 4, CMOS £ >/ 3N—% [l % Hi K 3% PMOS L O° NMOS + 5> Y 2%
WZhT Y VRS DF VYU & AR TE B IGUE Z Fp oMb U 2 WA HE e L, IERER Y T
ADEHEZFEJTEL CMOS ¥ F 7 AR TH 5. ZONEZEZH T DIA IXN—F F T
ZDDIA AN—F %22 a—F N N—R AID AN—F %R L7z, bS5 VAT DALY
Frr BRI RAL, EAEEZBRIERE T OBEIEROEHE THISSELIENER ThHL =
Zenhhotz. ZOFvTITHVEN TV REGURIEAR) P )3y R OEESUEZ 2 CMOS 24 v F O Y HPUC Lo THEIH ATV
LEXH ¢ C-K. Pham, “A Novel Synapses Circuit And It's Application To A Neural-Based A/D Converter”, IEEE International Symposium
on Circuits and Systems ISCAS' 01 Proceedings, Sydney, May 201, vol. 3, pp. 612-615.

SXETHARS : 05 AHLLE, 1 A &5t —JL . Cadence#f: Virtuoso, Avanti ¥ Star-HSPICE k5> X %% : 1,000 DL E,
10,000 Kiilf HMEZ > Hvdtit I 2 %27 % — CMOS05um23mm i F v 78R . 7 u /7Y 7 VESUI T ot v
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i‘ﬂiﬁﬁﬁ’éﬂﬁﬂ bk?j’ I:IQE.‘EEE'E: = —I:IS‘- v 7@§R1‘F EEFSPNDEENEGNNNUIDHEOINEEEE
RRAYIHRFRR R —E i = e
REXEHMELAIRFZHRR EHEH

BIE . 7707 =a2—9 Wty NI —=21F74 V8 NVERRV A FRUIHRERTH
b, T2, —a—uFFEVEDOLNS VYR TEITE L OEERILT S 2 & 25THE
Thb. LaL, PFTAORERHSHECHE DL L EEbN, =2—F LAy b
J—=2 «N=FZ 2 THROEFREERoTARV., KMETIETFu s =a -0ty
)= OFD L) iR EWIRT 572012, (1) /MEERES X ORIRIERE 0 Bt
Frthsis < mkiZe, WA CMOS ¥+ 7 Ak e, (2) Tz - JERCEH T I
W3 L F st itk 2 TR It Btk 0 D 20 W IR B BRIE B = 2 — 1 o aU GO R A A& G L
7z. laddsdENsdadbadaalidanbang
BEXH: C - I—F 1 “7FOF VLY LRV AT L, Fysiv,

EXETHARE © 1 AHDLE, 2 AH K §%EHY —JU @ Cadence f Virtuoso, Avanti I Star-HSPICE, Cadence f DraculaDRC, Cadence
# Diva F5>YZ24%: 1,000 LLE, 10,000 ki HEZ > Byt I oy ¥ 2 ¥ — CMOS 0.5um 48mmf4  F v &
B :7+a2s (PLL, A-D/DC-DC I ¥ N—%7 )
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SltHE Network Processor | Multi Channel DMA Controller D&%t
& Random Accessing Processor Ds%Et

RIEXFZFAFRIZMER Y, RR

BE AFy 7RO 220D F A M ETV 2= HARTNR TS, [1] EM6k
Network Processor i Multi Channel DMA ControllerDMA ¥z 3% % H v 72 5 1 fE Network
Processor % 319 % 7212 Multi ChannelDMA Controller % 3/ L 7z. 7 Controller 121,
MAACHERE T2 9 DD F ¥ A HFEE XN, Byte, Word Hlz Dz & AL E R TOliEH%
MU FETH 5. [2] Random Accessing Processor D&t KED T ¥ 7 L5 — ¥ % 2 il
P9 % 72812 Random Accessing Processor % iAfE L 7z. 4 Processor C &% © Random
Address Generator # HIWWC7 FLAZSEL, RO T U ASERZM ) LA,
T=INR=ANDFHHET VLT 72 AZ WL, VSSEHWYIalb—va vy
DRGSR, 32 MO 4 % F23 L 72 A Processor 13 100MHz TEIfEST 2 5 DL FHL T 5.
EXETHARE © 2 A DL, 3 AH K EXEFY —JU @ Synopsys fl design_compiler, Modelsim EE, Avanti fi Apollo, Cadence #t
Virtuoso, Cadencetl: DraculaLVS, Cadencefl: DraculaDRC, VSS k35> X 4% . 10,000 bl L, 100,000 Aif =HIEZ> @ HAr
it Iar s ¥ —CMOS05um48mm i Fy TR x4 7u7ut vy

TSARATF4vT IV « P—FFTIF v+ DE&ET &£5E: PCA-chip2.001
EHRRFEHREMNRF  EHURE, 2K KE, 2K thid, X =8, R MR,

Bt Zif, ¥ 1TR
BE 795274 v 7 -kl T7—=F%F727F % (PCA) &, (EROWEGRIMT /N A R
(PLD) WX ) R HHRENZMNM LT =372 F v Th Y, W - B - HE
WK 2 Lz ary 74 F25 7 - arva—54 Y72 LTS,
¥ 72, PCA TRHBIEO/NRBREEA L 754 VilEHE AL CfdiifEds s 2 212k
DBERE R FEBLL, KW ZEHMAFIEE T HEDOEIT L oS H ). PCAIZT I AT
4y 7eNE JIENBEIAREAZ ZRITT7 LA RICEE L72fEZ &> Tnb. £V
TEMMETE LTCIET A2 TR AT ELTCHFMTE S, AT
PCARIEIZ L DS NZAE 2 S, ety b SRS PO R 2T 72, K
AMEF Y ZTIEE D LIRS Tn 5.
SEXE i, B, BA, B, &, BL, WA, “LUT-Array-Based PLD and Synthesis Approach Based on Sum of Generalized
Complex Terms Expression”, pp. 2681-2689, |EICE Trans. Fundamentals, Vol. E84-A, No.11, November 2001.
ERETHARS : s ABHLLE, 6 A R %5tY —JU : Cadencetl Verilog-XL, Synopsys#l design_compiler, Avanti ¥t Apollo,
Cadence #I: Virtuoso, Cadence#l: DraculaLVS, Cadence#l: DraculaDRC k2> 2 X &% 10,000 L I, 100,000 £iii HIETF > :
Hidbigt I 2> %27 ¥ — CMOS0.5um 4.8mm fii  F v F1&ERl : Zofil
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BRICHIASERIIEEETS LS| \O
HEBTERPTSH EAX BE, EH @, BB w8, AH S, R Eh,
I

BIE EEOEEO—DICHE R T 2WEOMELZ AL L) bOBHY, ThiHilie
vy, FEEMVEMISFEIOME E TOHBOSEICE > TEL S, WHICEET S
BORMZEEFEAEHCCEEO M EZRILT 2. REFFEO H IS o5 e g%
LS FIZEHT 2L TH L. FHEHH LS 2kt 28H720, Mied s FHEEME
FND—DThH B/ AEEN = 2 — 10 VB F IV & B EEMREARKEF V2R LTW
5. SHORETIEZ OFHEEMVENZ LS FCTEET 57005 Lz, BERZEHH
B, SEEmNEE, < v Y 7 HBEBOFEMREIEOMRO -0, KEEKO T A - EEK
DREERAT o 72,

SEXE B OOV AEER S 2 -0 BTV X A BN TV, PE TERFPAGSC, 1997, FREHHAR ¢
1 AHBLE, 2 AAR §%EHY —JU © Cadence#f: Virtuoso, Cadence*l: Dracula DRC, Cadence#t Diva, Cadencet Analog Artist
o> 2 5% 0 1,000 Dk, 10,000 Kl HEZ >  Hidtigt I 2527 % — CMOS05um4.8mm f Fv 78R . 7 7Y
TR

YIFR—=BMXEUDHDIORINAA v FDEEET
EBREF/TNAZ « SRATLARE 42—  FIWZ, XFMHE, M EL,
Mattausch Hans Juergen
LENILXRFRERER  HEEER, hpTx
BE A DPEEL TV ABEREER~LVFR—bAEY [1] L7022, v F2H
W2 b DL IEELT) 7207 T ANAAL v FOERE R T o 72, Fex D7V —FIIHERR
DINFN ZHE Y, XY RERICEERER IV FR— s X') ORI LY SR
RTIN VAT DL ZFEBTLER L. 22 THRAIIIDOITANR
A FICLBAE)VEHMARAEY Z KT H 2 HEEE 5. ZUANZAS v T3,
VIRialE LR Rl~ L F R— b X ® ) LHGEHGDO 4 K-, 32k €y PO IVF KR
— FMAEBYRZMBEELTWS., 72, ZJOANZA v FOPEER 7 O AN, v FE2HN
BT VOIER D 72012, R— MG EHZMNT X =5 EEH L7270 AR, ¥ bOEEFbITo 7.
2EZXEk . [1] H. J. Mattausch, Hierarchial Architecture for Area-Efficient N-Port Memories with Latency-Free Multi-Ghits/s Access
Bandwidth, |IEE Electron. Lett., 35, pp. 1441-1443, 1999. E%5HHAE : 3 AH LK, 4 AH K  8%EFY —JV ¢ Cadence f: Virtuoso
Avanti f1 Star-HSPICE, Cadencetk Diva b;Z > X 4% : 10,000 Lk, 100,000 K {EZ > @ HvdbitIa v 527 5 —
CMOS0.5um 4.8mm f  F v F5&ERI : Z DAt




EX11EE ¥£3E O—L5LO0.6um Fv 7Rk
(ROHM993)

TSAFT4Y T « IV« P—FFIF v DG EFRAME

RIASIERERR A RE, B RA, BE S, 2 AR, BLE i, e
A 175 N oy lad "

BE: 7927 14v7 -kl 7—%727F+ (PCA) ZWLHMF {2 (PLD) OF it
—F77F X THY, H—ORBEZ FEHIRECTIE % < NEBLZ B RE O IE: [ o 1 312 ———
Lo THEEZFEBL, KBRMICL2HEQOFITHLEZINET A2 HIBL TS, X5 I TR
WZHEKD PLD & ) b Tk FEREE D Z ML, Va4 F¥Fag 7N ary¥a—7 i) ,w'f¢1

A Y TNOEHBRIFIZANT VD, PCART T AT 4 v 7L Jidh AR % o e s
TRICA v Va2 RICE LS DB, RVEIIHEI S, T4 Y THERESRTW 5. pileiua :

LV DN LN BE R R OFBERACE L 72 b DL o TBY, KRHFETIE I OEEIC

L 72 B AR FIE S IR ICBSE L7z, SR VIEGmBmEE L LCEfEd 57210 T4 <

AEYELTHHMTE S, BHIEEOEHIC AT ) 2RET 52 L CRBBEOEMZMN) S LW TE L. KlMEF v FI2idt
A6 HIEM S T b.

EXETHAME - B, A, &, B, MM, &, RBL, i, LUT 7L AR PLD OkEH & E, B VLD2000-98, 1CD2000-
155, FTS2000-63 (2000)  #%&T#AR : 6 AHLLE, 7 AAKGG §EFY —JV | Cadence #: Verilog-XL, Synopsys#k design_compil-
er, Avanti ft Apollo, Cadence tt Dracula LVS, Cadencet: DraculaDRC k3> X &% 100,000 ML L #HEF> i m—2
CMOS0.6um 8.9mm £ F v SR : Z Al
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TR 12 FF 853 B -O—5 0.6um Fv TH{E
(ROHMO003)

=& CMOS 1 X—Yt Y ver2
EERFAZRERVEFHERART SHRX, WA EF, KHE, HIE,

EH 2
BE  RKF v 7%, €278V 4 X8pum x 80um (BAIIHE 14%), €27 L8 x 32D
CMOSA A=Yty % Thb. 74 T4 77 5120%, DANiCHWZZ7+ M T VA
LWL T, AT 2HMDOMBEIL VT + ¥4 4+ — FHidE (p-sub/n-
wel) ZHWTWwa., 7 VN TLEREY v 7 VE=R (1pF) 2 VWi 5. £
DOFEREZBHRE— FO/SVRIREMN (PWM) B5ICE L TEEZ v h b MIIT 5.
BT 52 ETHINZ ETE Y VOB 24T 2 A TE L. BHEE s L
M CESHEZIT) LI Fy T ETHBEIS Ty V2R THI 0 TE S,
BRERITT v TEET AID ZI 27T Y 7 Vil (8bit) §5. BIEF v 7OMEIZ &
D, Ty VMMEESELEBTEL I L 2MHRL..
ERETHEAR © 1 AH DL, 2 ARG 5%EY —JU @ Cadence £t Verilog-XL, Synopsystl design_compiler, Avanti f Apollo, Avanti
1 Millkyway, SII #1: SX9000, Avanti ft: Star-HSPICE, Synopsys fl: PowerMill, Cadence ft: Dracula LVS, Cadence #: Dracula LPE,
Cadence fI: Dracula DRC, Cadence ¥ Diva, Cadence ft: Analog Artiss FZ> 2 X &% 1,000 Ll L, 10,000 K HEZ> 1 u—
2 CMOSO0.6mm45mm fj  F v JRER - f A=Yk U H/IAT— MUY

=& CMOS A X—Jt Y ver2
EERFXFRERDEFERRR  SHRX, WA EF, KHE, HIE,

AH 2
BIE  RF v 71, €784 X 80um x 80um (BT 14 %), €7 $8 x 32D
CMOSAA—=T % Thb. 7+ T4 775120, UBIICHWZ2 74 T2 VA5 L K
LT, AR A ORI L v 74 b &4 F — B (p-subin-well) % FI VT
5. ¥ VIR CHREREZY v TVER (1pF) E VRS T 5. COMKE*ERE—FD
OVANRZET (PWM) 52 Z L TH E7 v 645, BRHMITHIETHIN
A L TEZ vV ONMBREITIZENTES, Y7 BV TEMEAEZITHIZEIZLD
Fo 7 ECTHEBEPS Ty V2T 52 03TEL. AF v 72 ML ELTHY, Afio T
vIEFyT ETHRIL, ZOREEHCCTHETLZ I/ ML —H 2 8EL7. - 9 -
SEXW AN, IR, ZH, BN, BY, B, HL, 2 H, "=y VLR Fo CMOS%X TeryHEHWEEIA R
=7, 819 MHA TR v M AEa A i 2 (2001)  FRETHARE : 1 A DL L, 2 AR §%5§HY — IV Cadence #: Verllog-XL,
Synopsys fl: design_compiler, Avanti ¥ Apollo, Avanti I Millkyway, SII ¥1: SX9000, Avanti t1: Star-HSPICE, Synopsys fl: PowerMill,
Cadence ft: Dracula LV'S, Cadence ft: Dracula LPE, Cadence ft: Dracula DRC, Cadence #I: Diva, Cadence #1: Analog Artist k5> X4
% : 1,000 BA I+, 10,000 A  FEIET > i@ —2A CMOS0.6mm45mm fi  Fv TR A A=y FAT = LU

REFERbRLHIEZR I 5551 FPGA O(E TR ——
UABRTESSEIILE 20 BA, Bl Bt idvadiie isiRiin. uddi,
RAAKFETIEE - THHER 3R 58 ;
RIEKXFZXRERIEHPLHER  FA X, @0 Ei

BIE FRERASTTEECH AL\ ) FPGA ORI HL, §XCOMmM 7 Ty 7 3 XU
PRI 1B 2 B e Ol kit 2 JZRER TR T & 5 & & DISHEREINIAE AT B 22 =13 B FPGA
OFENEEATo T2, RF T TR, N—F727 )V —AZRMEMIZ 2 EILL, w7 oy 212
AMDENZTRTOBHIN LT =T T 75 ZEE TSI 2L EOMIE B XK
AT OFFEZ WREE LT\ 5. FERFHFA ) BB, 7y T NOEO G L2 i3 5
ZOICHESNTBY, $XRTOILF—F1F 75 OfER% % A i B a % ©— &5
SRR LR oT WD, ZOS A GBI K, AJJ# 126 €y P OEF L L Sl :
HBEABER T B0, SRORMETREIAFIvZEE (FIFry—yadyy) %)ﬂb\f://wl\c’%fﬁéh’(w

SR [1]HM, B, BIEE, FAR, A8, “HERE MR AW fE 2 B 5 HH FPGA 7— 52 F ¥, Electronic Design and Solution Fair 2002,
FPGA/PLD Design Conference(:—¥ - 7L ¥ 57— 3>), pp. 107-113.  EXETHARS : 3 AL L, 4 AHRi  5%5HY—JL: Cadence ft:
Virtuoso, Avanti f: Star-HSPICE, Cadence fI: Dracula LVS, Cadence #: Dracula DRC, Cadence t1: Diva k5> Z&#%{: 10,000 DI |,
100,000 Aifiti  BHIET> i u—2 CMOS0.6mm45mm fi  Fv 7 RER G N K GRE L, BRERRY)

« TREERRT lfi'i"l"n‘:‘i‘l"




B, A -0V bBAREER O EFLLES=-1—-5 bRy ’D
—J MDEREt

RAKEEFEEHRA  REEX, &k XHE, 8BS

BIE: —a—INVAy M7= 2 LEMIISHT 5720120%, mdl3H L HEITHT
HYHOY AT L ERBBALT 2LEL DD, ZOODOHEND12ELToa—F Vi
v T =27 DVLSIHEPZEITF SN S, Y AT L% KHBALT 5720, #amEzm11t
(e vy Mb) 752 LT HRICKERMEE S5O YT 7 ANKE/NIUL L sERILE
HIgL7z. RF v 7 TlE3fi (1, 0, — 1D OMEMERFO27T =2 -0 7293 F T X
? on-chipFEFH M =a—INVAhy hI—2 % &Lz, T —n kLT,
LY SRR I 2 — 0 v B HARAT.

SEZ3W b, B, PR RSS2 —F VR vy N — 7 0% L 2o 4ERN
BRIZ & BFEBL” 2000 458 R HGBE PSR A RESEm CE, D-2-3, (2000).

ERSHHARS © 1 AALLL, 2 AA R 5%ETY —JU @ Cadenceft Virtuoso, Avanti 1 Star-HSPICE, Cadence #t Dracula LPE, Cadence
#t DraculaDRC  hZ > Y X &% 10,000 PL I, 100,000 A &#fEZ > | u—24 CMOS0.6mm45mmf  Fv TR =2 —F
ryJuay

BU2RxR7Z7IVIVALZAVWEH TR EDIEA Time-Derivative
Generator

RREREZEIERMEM K4 A

REXEMAGBIABZTERH RHE

BIE PR 12 4FBICBYEL 727 v 7OWERTH 5. #iE D velocity detector & 123 2
TARBET S, BEMILT VT ZLOHRTHEOMGFICH725, WKDOIFAEDA Ik
EHHET 2HE0WEROMNEBEZRHBT2OXHNTH L. HiEEA A -V FICX2
BEOIY A, BT — 5 OftHm - AR TaY =7 gy, REEGT— 2 Ol
HD3OTHDH. WIZ48 X 64DA X =Yy ¥ T LA, WMBMEENKTHS.
AR TIVT) ZALTY Y 7V RABEE TH L0120 b b3, HERETROTO
YRR BB OWAROB & %, BRIFICHRIET 2 2 LB RKOEHMTH S, WiET— 513N : i .
DAL LRI OY 27 Y3 v %2479 720, RS EEE 1FEC 1 OEET 523 TEL, 4 A=Y 40 1mHENIC
HEE AN D LD 12 TH D, WEEDF v 7L DiENE, FEHMG OBI I 530 M s mE B T T R
TR EEMEETREZHCTWLHTHE. ZOZLIZE), BHEOMEOHBHREIY AND Z L WEETH 720, HHEAES
HAELTX 2D XD EBEEIEL 25, £, XVBHEAEBETERTELZ LI Ay ML H D,

ERETHARY © 1 AHBLE, 2 AHRi E&5tY —JU ¢ Cadence #l: Virtuoso, Avanti ¥ Star-HSPICE, Cadence #: DraculaLVS, Cadence
#L DraculaDRC 5> Y Z 4% 10,000 PL E, 100,000 kiilf F v 7B : ©— 24 CMOS0.6mm 45mm fij  F v FFERI © £ A —
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F—=F VCIHEET 85 %M EFEI L. EHIC, PNI—F2Y7 LY A TR
AL LI ERHCWONTERLI R TF sy 7 MUY AY AP LERL 2D,
iR CRABEE A 2 EBL L 72, L®£Wfﬁ%nt%/7bihﬁ%ﬁ%@%?%@%®ﬁﬁ%%£tt F72, AR
fEIZ HSPICE I & 0 ffERE L 7=,

SE B . Toshihiko Yamasaki, Teruyasu Taguchi, and Tadashi Shibata, “Low-Power CDMA Analog Matched Filters Based on Floating-
Gate Technology,” accepted for publication in the Proceedings of 2002 | EEE International Symposium on Circuits and Systems (ISCAS 2002),
Arizona, May 26-29, 2002. i%EtHAE : 1 AH DL, 2 AH AW &Y —JV © Cadence £l Virtuoso, Avanti I Star-HSPICE,
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DRETES N T v T X D MHBEE O KL ER BB OB EL MR L. £/, BIEEHEK : i
DOEEIF HSPICE I & D fEE L 72, it,Lm%ﬁ%mé&wﬁﬁﬁﬁﬁivzn/9/ﬁ%5ﬁ@%%%%bt.7+H7N
v 7 7 MR ERAME VY =27+ 07 2L, MENED F v /82 Z 12X 2EMESREZ VTV 5700, BERER
S B WIHBE R R EEIC 5> Twb.
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WAROEEZ RIS 2HEE2 ERT L0y b T =27 ORE L ZoEREELD A TE
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S u—2 CMOS06mma4smm i Fv IR . TEG (ReikRFAfinl 7z &)

K477 x—2X LSI HDRE

£IRKETHE BEHEA, P A%, RUIESE, HFEEE

BIE G vy 72— A LSBT, L ZBREE T v F v T3 572012138
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BRI EBIEL. ZOEE T+ M AFT—FOKREE, W, 797 7o, A
TOMH AL Z CSMBONZENEZRAIEL. SFIO/KE, CMOS A v /v—F X
D74 —=NVFy b ARAT—=FROT) 7 TOREBEEDIERLTH S Z EX9h o 7.
EREHEARS - 2 AHDLE, 3 AR §%EtY —JU . Cadence #k: Virtuoso, Avanti 4 Star-
HSPICE, Cadence ft: DraculaLVS, Cadence#t DraculaLPE, Cadence#t DraculaDRC k522X 4% . 10 UJ: 100 *ﬁﬁ
HIEZ > D m— 2 CMOSO0.6mm45mm £y F v FFER . TEG (RRUkafAfhimiEs 7 &)

SFQ/CMOS /\1 JU v RXEV AEZROIEDE
BRENMAZARERIZMRRE  FHIET

BIZE | k4 13 SFQ [l o @ik & CMOS $4i [ml % O w4 FE T 2 LA A b 72l A 7
Vo RZ 534 FAE)DERZHIELTVS, AXAEY ¥ 25 413 42K TORIREEE
ﬁ%ttfwé.%®tb,X%U—/—F®U—7%ﬁﬁ$ém< mmmmsbﬁ
VIVAFXAEYENEHCTWASIZE D S TR TIEMEE D X £ ) BjfEH fE
Hb. Tz, ﬂﬂfiﬁv&‘/l?/70)%ﬁihlf), *1‘7*)“/*!:73/]\0)@12774:7\574
AP HEL 5. S5, Fv THIGBEERMEE V25720 y 7 7 O EEN
FINELTEDL., AF v 7TRENSLOEZERBETH D AN EEE S &
Josephson/CMOS /A 7)) » F7 ¥ 7, 3+F Y VAFZAE) RN, U—FIF4 ¥+ Ey
N4 Y TFa—-F Okt 7. 2
EXETHARE : 1 AHBLE, 2 AH K E%EY —JU ¢ Cadence#l: Virtuoso, Cadence#l: Diva k352 Z&%: 100 DLk, 1,000 i
HEF>  m—2 CMOS0.6mm4smm A Fv TR AEY

=
==
-
=
)
-]
-}
=5
=
2=+

]

=
=

| <
. | =

=

=

-

Adhdadd

i"'l'l‘i'l‘ l"i‘i'l*ﬂ'ﬁ'ﬁ rfi‘l'ﬂ'l'ﬂ'ﬂl‘ =

........ SO, .

CMOS 1 X—J Y TEG Di&Et

FIFKETHEE A &2, BKER

BEE [ E4E, CMOS 70t 22wz A A=Y & VI L TR A T bR T W
5. CMOS O 2 70t A % 5720, BRENE 5 o 24 1 0] 150 Wi {5 0 43 5 AL B[]
B EEFRILTE AL DD, ZOMBA A=V Y TV AT A REMT 5720 0%K
i TH%, CMOSAPS (Active Pixel Sensor) Bld 4 A —3 & >0 TEG (Test Element
Group) kAl EAT-72. WFEH A X% 10, 12, 15um & L7z v &, 10um D+ v
% 3XBICEH Lz vy e iat L, 72, M7 v 713V —2A 707285 L,
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Virtuoso, Avanti ¥t Star-HSPICE ~5 > 2 X 4% . 1,000 Ll L, 10,000 & H{EZ > : @ —2 CMOS 0.6mm 3.8mm Fv7
&R 2 —7uy

CDMA 84 V9 —7 x—AEREBICH ) 5 EREIRDE
KRAZIT¥MEF  BHF B, Tan Boon Keat, #AE RE, &0 W=

BIE . CDMA f#i/NA 1k, 7—% % PN (Pseudo-Noise) Z— FIZX D EMEH#HT L LI
EoT, BEBOEY 2=V 1HOENZAEH L CRHHIEEZTR) L2k ¥
LEMTHSH. COMAGRA v % —7 = — A THHATAEMEBEKIL, I 59—, Homx,
AU 52 [ i CREL S T B I O m R b % X 5 1213 R 5 0L 2008 F2 EE o F)
BOMERE VD 2 EWEE L., REEFCIE, 2 ORISR R B o B ERGE 217 9
ZEEHMELTY S, HRMEIE LBAE. 72, CMFB HIEKIZIE MOS D4 v ilkiia
v, HEIERE RS E 20dB FREECREE Lz, 2B, S ORI B2 v 228 E
MOT—EEEEMDT LY Iab—vaya7) L, MHRRAETEZ) OMREH e
A B  HAMATE BT L A TR L i ;2020 0 :
EXETHARE © 05 AHDLE, 1 AH KN §RETY —JU @ Avanti #: Apollo, Cadence ft: Virtuoso, Avanti #: Star-HSPICE k5> Y X4
# : 1,000 Ll L, 10,000 ki HEF > v—24 CMOS0.6mm38mmf Fy SRR —a—Fr 0y




N\ T

BV J IS EEFRERIRDRET O

KERAZEIEHRER e =i, a0 HF=

BIE | SRS m W ED R, ) TVBIERETH S EAERINS.
KEFITRIAAL v F v 7 DF A4 I ¥ 7% Ealifl U7z 7z 7 B 7 3 o0 5 FE T S8 AR [0l 3 % 3%
FtL7z. MARALZNEKIX, A0 F v T - 2RV F YNNI EeFTF v T - Fyv ¥y
AL ATETH B, G LEEESAENRIE, Ry 7 F v 80 % 100pF, 11 F
X XY 5 10nF, AA v F ¥ ZEER 2MHz ~ 15MHz TEIfET 5. ¥ 32l —v a3 v Ok
B, WKEITZ 905 % &%, HERMBIZIERTHET0LI~1%, )V T IVIZDOVWTH5
~10%EHFEIN TV D, HERBIFICHRTIE L F vy 808 Y AEB3MRAL v F v 7
TR NELEIGONDL T EPMER LI v F v THR YT ¥ 2 Wb,
FHERMOPBEIZ X VARSI ROE TR 2 2 EPBEINLDT, EMIZ X 5 EHEiA L
HEEZD.

SEX | Ak R TVREER SRR OKED, 5B 6 I E RS BV SRR S 2k 2R SR (2000)
ERETHART - 1 AHDLLE, 2 AHEW E%EHY —JV : Cadence t: Virtuoso, Cadence fl: Dracula LVS, Cadence L Dracula DRC,
Cadence 1 Analog Artist b5 > X 4% 100 DL I, 1,000 ki FHIEZ > : @—2 CMOS 0.6mm 3.8mm fi  F v 7&&H . 7
v 2 (PLL, A-D/DC-DC I ¥ /\—% 72 &)

WMEBFFrNVIVZaL—-vavFELSIDEE (1)

RREIEX¥7OC7 ¢« 7RIEHAMR L 2— WA BB, FLUEX, BERE
BEE ©L4E, MRBEIARA T OMEREIEATH 55, LIEAIIH L CIEMZEAR
K SPICE & 7 V82 72012, FrBlie RIS OB ERGEDSHE L v & v ) FED D 5 72.
INERT H72012, KA IIHBZREBFEML SPICE ET NV OMELIT- TE . [1]
L2L, REETFVTIIRER LE & HICHBEHBH AL, HEE LRI AE
B0 MEEND 72, 22 TRAIZFERB OB DI LT, FHESZRN
LSl oat 24T o7, 63 MO 23 v b Y FEIFE L Z oW IICHHN S Wi Fm % k5
Bl LC, MFEAOMEEL T/ MICKI TS, AL Eya Iy b MY FEEO
fll, D-A %4, A-D ¥, VCO, AMIIA ¥ ¥ —T7xz— R, —RFEL VA5 & THER
ENTnw5b. o ==
SE3k : [1] Shuuichirou Yamamoto, Takumi Kato and Hiroshi Ishiwara, Jon. J. Appl. Phys., Vol.40 (2001) pp. 2928-2934.
SRETHAR © 5 AHDLE, 6 AHKG 85§ —JU © Synopsys £l design_compiler, Avanti #1: Apollo, Cadence fl: Virtuoso, Avanti £l
Star-HSPICE, Cadence t: Dracula LPE, Cadence#l: Dracula DRC k35> 2 X &% . 1,000 P 11, 10,000 &Kii HIEZ7> i w—24
CMOS0.6mm38mmfi Fv 78R : 7Fu /7Yy VEFAE Tty

A

MVD £Ha5& = 1—0Y MOSFET ZHWE7 FOJEiE/ZEHR B P EEE] EEEEEE
BEAZ TR REE AHA—, AFEE e
BE: 4Yy b MVD EHEZOMKIRIEEL X 7 F 0 714 limaE S Lo o0 = 2
— 1Y CMOS DR EEZ B -7z, MVD FHIFINA 7)) O» T HEEZ LtimHES
74y b MVD) ZHWVWTBI I REHTHY, Ty —PRELEZNIE
AOEBHEHEIMETE L. ZOMEAKTHLEY 20 EE, KEEIL Y I T—,
BRI E2REL, MVD REROEMIZIT 72368 % 4 o 7 o & 2 T
WL oA B %S, F£72, =2—1 Y MOSFET # KWK TX 57
F o ke LEmENEgD b THAEL, 207 —F 1 V77— b ORPIER RS
FEORRL &, FREMBOFRMELMGET 2. BANIZIE, =2 —1 > MOSFET2
Tz ETIMELIND T ) 77V (DLC) &T7Fuars 4 =% (AINV) % GO
HEFLTHY, DLCIE 2 0 DHEREIEE THEEICEILTE S LEWERETANBERSS 28T 2B TH Y, AINV IZH—
BFREL T CHEBMWICANELEE T2 NS5, L3R5 - WUERK L QBEEE— FICBWTEELZNBIK TH ), 5 O FEH;
FIZ CMOSVLS DBFE S SIS 2 b0 e HifFsh "

ERETHARY : 1 AHDE, 2 AH KM &SV —JU @ Sl 4k SX9000, Avanti ft Star-HSPICE FZ > X &% : 10Dl E, 100 A
HEF > m—24 CMOS0.6mm3.8mm fi  Fv TR M GRALE, BRAERRY)



CMOS ALY b « AUNT DERET

BEAZEFIZMRA EBRE, NI EE, &2 e

BIE | it — FMETRIOEAEHETFTHLHE MR AL - a>xT (CClI)
&, BRE— FESUEICBIT 2 HAEMIER L LCUEMNTONS. 4o CC Il DifkE
Tld, BEATNERE, EEEHE?SEL 14 7 A, BRANICABHRT v a7
BEHwEgR e L, BEAINS, BRANWS, BRLIEFO=mTFL, N4 T A
BROIZODOBRANMGTF A AL I F & Lz, Y Ialb—Ya i hfEonsk
CC Il OWEREDS, EBEDICTHHONLINE ) DEMERT 57205 L7z, Hspice i &
Ly Ialb—varfike, WELZICOMERED, 2T T 2ERPHELNL.
Z2Z#k . Roubik Gregorian, Gabor C. Temes: Analog MOS Integrated Circuits for Signal
Processing, New York: John Wiley & Sons, 1986 5%&5t#Af : 0.1 AHLLE, 0.5 AH FKi a0 37 =
E%5tY —JU . Cadence L Virtuoso, Avanti I Star-HSPICE, Cadence #: Dracula DRC, Cadenceft Diva FZ> T X &% : 10D L,
100 Afi BAET > D w—2A CMOSO0.6mm38mmfi F v TR TFusIFY I METRE T Ok v

FEEEEEEE]

[

R

R

BAHAE=F VX ABR CMOS ALV b « AUNT DERET
BRAZEFIEHARAR &R E, DN EE, B2 =R
BE:5FTofEirL - arxy (cCl) &, BRANETICBIFLL K
— ¥ Y ADEL, BRANWTERBIEAIETFEOF 72y PELEDKE W0 ICHM
MR B LN R VE W) REESDH S, S THEO CC UL, BEANITT 4
— RNy 7R v 72 22T iReR  (folded cascode op-amp), SEBIIRA H K A /5 4 T A
B, BRANCABHT v ¥ 2 7 VE, # L CHANMIEIR TR L7z, ZRERA 3713,
BIEADG T, BRADG T, BRBDWTO=MWT L, N 7 ABROZD OB A
N f, AT ABLEOODOBIEANMFTHS., ¥ Ialb—YariliyfiEohzk
ALY A RTOWRED, EBEOICTHHONDENE ) PR T 5720 EL

ERETHAR 0 0.1 AH DL, 05 AH ARG 5%E5tY —JU ¢ Cadence L Virtuoso, Avanti 11 Star-HSPICE, Cadence #: Dracula DRC,
Cadencett Diva rZ 2T ZX4% . 10D, 100K =HEZF> : v—24 CMOS06mm38mm s Fv 78R . 7ru /5o %
WSS RLE 7 1 & v

Rail-to-Rail AB #§ CMOS AL > b « A7 DEEE

BRAZEFIXHARA &R E, DI EE, B2 R

BIE | Wikt — FMESUHE ORI, KEEEMECTLVWI A FIv 7Ly IMRens 2
LIZHAbH., L7z oT, TOERBEET L LTOCCIIIZYH Rail-to-Rail ® AMIEE
FPAAESR SN B, S S5ICAHMNTXTIZ AB # Rail-to-Rail Z w5 Z & T, KEHE
JEBERFICBWT D, TEXLMROKRE L SINREZBLZENTELIMKE > TVD.
ZZTHIO CC Il E, BHEANIC Rail-to-Rail T % 720 DM Nch, Pch Z£H) A
DB, BRANZABT v v 2T VE, B\ 7—, CEIE, K OMAHME R CHE
L7z, AHRALING &, WA, WRAINMT, BRI Fo=m+&, N4
T ABRDIDOERANMTFTHSD, YIalb—YariZihyfionszsLvy - av
N7 OWREDS, EBEOICTLHLNLNE ) ERERET L0 EL . R T TEreT
SE 3k | Roubik Gregorian, Gabor C. Temes: Analog MOS Integrated Circuits for Signal Processing, New Y ork: John Wiley & Sons, 1986
EXETHARI © 00 AHLLE, 05 AH &K E%EtY —JU © Cadencetl Virtuoso, Avanti 1 Star-HSPICE, Cadence ft: Dracula DRC,
Cadence ft: Diva FZ 2T X4%: 10D, 100K HEZ>  v—24 CMOS06mm38mmfy Fv 78Rl . 7ru s /7Y%
WASHRLEL T 1 & v




N N\

8Ev YO0t YY J::)
BEEIXSSEMZREFERIZF KA+ BEh, BF 5=, & 6D

BIE | UAFZe512 B 5 LS 5 EnF 2 by L T8y x4 r7usutky 4%
L. LYAZ Yy M3 16 Yy bOTOarSAhyyy, Ay o RLVE, 4V
Fy 2 ALY RE ) BHY, E51I28¥y VALY A AMB L. AT ZER
LIOZEMIZENZN 64K N4 b Y, 59D 5. T/, #YALBERE, NA
BBUEERE, XEVT 72X =4 MERYEH D, WHY YV —Z2Z2 BT 572000 F b il
ATWhA, 24, IREBBGLETICLIYZAS IS VAT 7 ARV =Y 3 Uik B0k
RRBER IR TREN AT o 72%%, FPGA ZHI L7 MG D 72 O BLG MU R,  nl HBst
B D REL oz, 77— 8 A &R L CHabiicah LB & R ER FLR 5
AR E Lz, i L7zl 5361 Verilog-HDL G, VDEC ¢t v 5 4 75 ) ZFIH]
L7z, BUE, &l o TR Z# T LTw5

ERETHARM © 9 AA DL, 10 AH KW E&EFY —JU ¢ Cadence t1: Verilog-XL, SynopsystlL design_compiler, Model Technology
ModelSim, Avanti ¥ Apollo, Cadencel: Dracula LVS, Cadencefl: DraculaDRC k5> X 42%%: 10,000 L\ E, 100,000 Ajii 5
£S5 >  o—2A CMOSO6mm38mm A Fv TRl v ruratk i

E & DC-DC > I\—% Ms&st

EEXEXFRETFFRR  HEB—

BI® VA7 A0/ LRk T R ME, EHEEN 2L 72012, 7 v TR O DC-
DC Iy N—=FYDFEIVPEINTVE, Z2T, 4L, AAvF o 7asN"—=FThsb
Ef% DC-DC I v N— % Oikal %11 o7, TOEMDCDC Ay N—=%1k, ALy F o7
FFTHHIN TV IVRIDI—VF Y, F—vF TR U BBNBERE AL v F v T
BEEREBT AL EHNE LCHRESNZNETHS. TOEMDCDC I ¥ /N =451k
AVEI 8 RGEATBY, A Y505, 3BASNTORNA T - 4 575 THEH
L7z, AL v F v 7Rk 800 [MHz] & L, Hspice TY I al—Yarafio7ze
A, P 8T 200 ImwWl, #E 72 [%] L) etz £72, 7RI B
X, fToTwiw, 10

SEXE . M. K. Kazimierczuk and J. Jozwik, “Resonant dc/dc Converter with Class-E inverter and Class-E Rectifier,” |EEE Trans. Ind.
Electron., vol. 36, no. 4, pp. 568-578, Nov. 1989. E%&EHHAR : L AHLLE, 2 AH KNG EEETY —JU | Cadence tl: Virtuoso, Avanti i
Star-HSPICE, Cadence ft: Dracula DRC, Cadence #1 Diva, Cadencefl Analog Artiss ~Z > X &% 10 Dk, 100 &k HEZ
> 11— CMOS06mm38mmfy Fv I 75w (PLL, A-DIDC-DC 2> /N—%73¥)

ERZXES VLS O 17 J

RIGHATEREAERIEMER  BEH T

RISHERZEAZISZE HbhHEA

BEE | RS e 2 b e LD BN TWE T L 23 —77 L A EEGEHH
OTFaYT - FIYIVIRBLS ORI ET -7z, WEEE T TR Lt%@@ﬁ%W7m
N ATTHD. KF v 7%, BREMRSHEE 4chBRL TS, LA 7Y FikEHT
X, 4chDNNT Y F5HZ 57200 2ch TOLELWNHICHE L, E5OREHESFLIC
%5 XTI TEREILZZ. F2, 7AW RELTIZuYy 294 DY—IVF, TF
Uy, FYINTay ZJHEOB/RT A ¥ OSHICETE BV TERE Lz, 2ORIETIE,
BIFHZFREARE L, EEMROHELERK > TnD., BEDOZOOFMHF v 7o—> = B, e
YLTELTRIEL. R e de
SBEXE  WEHE, SRR E RS LS O, 1%9@“*%%@%%%Mi%ﬁ%k£%@mi%(w%) BE
HARM 1 AHBLE, 2 AH K6 §%EtY —JV @ Cadence tl: Virtuoso, Avanti fl: Star-HSPICE k2> X &% : 1,000 L\, 10,000
K HEF > m—2 CMOS06mm38mm A F v TEER L 7 FF VIR




BEIRIF—REA7FOIAEY LSI

REBRIAFEIHY £ £, IMEX
SIRVF-MEBAREBERNTFEFRERR  FiH EX

BIE oAV F—WHERTIE, SESERENTRSEZIET 572012, BilidEr s
DUNEMN % SR EICHE T 2 LEPH S, TOLEKA 1L, RERCHEREINS LS K
NS 2720 DLE T Fa s 28 —HELHELTWL. INEHEEHEE LS AL
F—FERTIE, ML S OF T T MHz, BED~1IMHz & H#ETH 575,
EXTR & T DRI S S 100kHZ LT &KL B2 b, S0k, &F % ¥ FIVICEM
ADC #%f9 % & D b, 100usec BRIEDM 7 F 0 FEAMRIFTE L AL v F F¥F v 8y %
—hHAoOY Ty (THursAxe) —) BFEMTHL. SROFy FIEH T T
HE 100MHz, FiAl L AIMHz, 3> 7)) v 7B$128, ¥4 F-3Iv 7L Y10y
& BRI IER T 5720 DTH 5.

ERXETHAR : 05 AH UL, 1 AA KM §EHY —JV © Cadence t1: Virtuoso, Avanti #: Star-HSPICE, Cadence f1: Dracula LPE,
Cadence #I: Dracula DRC, Cadencetl Diva k35> Z &% : 1,000 Ll L, 10,000 &iif FHfEZ> : o—2 CMOS 0.6mm 3.8mm i
Fy TR 7T VR

KRS RES IO
BESBAZFETYHVEEFERTIYH =8 EF B :l: fi*
BIE @ JL4E, FTTH % Home LAN 7 & %5 B e e fE ) - KA A% OB FE T

EZFORBEBLELEEINTWS., KF v 7 TIE0.6 3 7 o ¥ CMOS Hifli # v T
400Mbps YL EDIE%HEEEZ AT D b T ¥ AL v ¥—4 >~ A, Rail toRail Amp, L —¥
—F A G — FERBIAE R E 2 %G L. PV AL Y E—=F U ARBICHLEE S
PLid PMOSFET #4323 7 AEE A 2T A2 & THEILLA, F72, Ral to Ral Amp
2IEF 7y MHIERERE R, X512, CMOSHINTEIEI NS 74 ¥4+ —
FOISE IR, BB 25T MT 572012, B2b5LAT7T9 b7+ ¥4+ —F%
BRI L7z, F 2, T4 MFAF—FE N T VAL Y E=F Y ARK, L—F—F A F—
FERE) A 2 & & AL L - BT IC L Ch G 2 B T o 7. . .
EXETHARS : 3 AHLLLE, 4 ARG 5%5tY —JU © Cadence#f Virtuoso, Avanti ¥ Star-HSPICE, Cadencei‘i DraculaLVS, Cadence
# Diva, Cadencetl: Analog Artist k5> ZX&%: 100l L, 1,000 & HfEZ> : ©—2 CMOS0.6mm 3.8mm fj Fv J1&
Al fE (RF W, ATM 2 L)

FENEDEHONATIYYIVERTOEYY - SR R
REXEHMERAIRBZHRR  JI S, FEZA EHE E
BIE . Ch3AryF oy 70F vy Y allilBEN/zT7 v 7L —1sXRT MhHANXRT b £
WAZH D BEEDSE D O 2 HHIC O RKITHRKR T 5 70ty FTh 5. HEHEF TI3% E
ILAY MNOEARDPUELE->TBY) SNy 7 VR — 27 ) v PSR &k 72050
HAHEL 2> T b, /% ME§ % Winner-Take-All #§Clx Two-Dimensional Bit-
Propagating /i I2 X ) B Yy M E1287 — FOANLSRAMEEZ 191 7V
THWE) PuEE RoTwb, 72, WIADAN %270y 27 FLALTRTYA2 95
Z L THRFENGEFHPOBHEICEETEL L) IR >Tw5b, 33MHz THEIfE.

SEXH . Makoto Ogawa, Kiyoto Ito, and Tadashi Shibata, “A general-purpopse vector-quanti-

zation processor employing two-dimensional bit-propagating winner-take-all,” to be published in 1 1]
the Digest of Technical Papers of 2002 Symposium on VLSI Circuits, Honolulu, June 13-15, 2002. E%ETHAR : 4 /\ﬂ UJ: 5 }\H ER(]
E%EtY —JL © Synopsys fl: design_compiler, Avanti f1: Apollo, Cadence #l: Virtuoso, Avanti fl: Star-HSPICE, Cadence #k: DraculaLVS,
Cadence ¥l Dracula DRC, Cadencefl: Diva k7> X 4% 100000 LLF 5> : u—2 CMOS 0.6mm 89mm i  F v J'1&
M T7FrarTY Iy VETRE SOk Y



\ 2\

%@Mﬂwrzwwmm?vawﬁwmt\g)

RRAZFESAREEHER I, FEBA, KB E

BIE: St Fy70Fyy VallilBSINT v T L— X7 MU ATIRT b
WA D HEEASE WS O EEFRICHDOFTIRICMET L2 70ty ThbH. HEHEHE TIEE
IV AY FOEARDPUEI > TBY YNy & Vi —2 ) v PR & Flk 2 i
B REE 7 o T A, R/NEE % KidE 3 % Winner-Take-All 7 Tid Two-Dimensional Bit-
Propagating 5312 & ) Bl it 6y MR 1287 — FOAI»LIRKEE 1914 7 )V
THHR) PRk ZoTwh, 72, WIADANZ 709277 FLAKFANTYRAZ T3
C L THFRN G EFRPOFHCEETESL L) Ik > Twh. 33MHz TEE.

SE XK © Makoto Ogawa, Kiyoto Ito, and Tadashi Shibata, “A general-purpopse vector-quanti-
zation processor employing two-dimensional bit-propagating winner-take-all,” to be published in & ] =

the Digest of Technical Papers of 2002 Symposium on VLS| Circuits, Honolulu, June 13-15, 2002. E%5tHART : 4 A ALLL, 5 A A Kl
E%ETY —JU © Synopsystk design_compiler, Avanti ¥ Apollo, Cadence I Virtuoso, Avanti #: Star-HSPICE, Cadence #l: DraculaLVS,
Cadence #1: Dracula DRC, Cadence#l Diva F5 > X2 4% : 100000 UL F SHEZ > . @ —24 CMOS 0.6mm 89mm fi F v 7i&
M T7FarFYyVEFLE SOk

e s Lk T TR
Rasonpy.  sesess

-

TEACE SEREEN
8. g saswew |



FR13EE H1EH O—LO0.6umFv THIE
(ROHMO11)

16kb SFQ/CMOS I\1 JUw RAXEUDIE

BRENAFXERTEMER  FHIET

BIEE | 4 1% SFQ ik o itk & CMOS Sfk ik D R Z A G DTN, T v
K7 944 2AF)DOFEBEZHIEL TS, AAEY AT AL 42K TOMRIREIE % 7 Ht
CLTW3., 2070, AEY—/—FD) =7 \idh/hdw<, DRAMH3 T ¥
AFZAE) LNV EHNTVBIZH DS TN CIBIED X ) BIENSWRETH 5.
T/, BEEX VAT VTORBICEY, $7F 2 h Y FOREMT 725 A4 ZH5TE
b, 51T, Fv FTHICBEEERMEZ VS 20Ny 7 7 OBEE /NS LT
&b, ATy T TRBRENEEERT 2 b B AT H R L Josephson/CMOS /N4 71 v i
K7 > 7 LW RIEEL 2 27 v T EERS, 16kb SFQICMOS /N A 7 7 FATY ¥ 2 B ————
T ADBNEER TS 72, : R
ERSTEARS © 1 AHBLE, 2 AH R 585t —JU . Cadence#l Virtuoso, Avanti fl: Star-HSPICE, Cadencefl Diva FZ > X4
#: 10,000 L\, 100,000 Kiii FHIEZ > : v—2 CMOSO0.6um4.5mm i F v TR AT

SFQ/CMOS I\1JUwy RD-S AD AVIN—FRATIA=3avIT 1« ILTDR
€

BWERENAZXERIZMERE  FHIET

BIE . SFQICMOS/NNA 7Y v K FV¥ ¥ < AD 2 ¥ N—%i%, SFQFNY V7~ &
VAl — ¥ Ok, SREEOZDIZ, Bt — =) Y FRERATTRETH Y,
W, EOMREED AD IV N—=F B ENTEL. T, MEEFVSY VU< 'Y
2= DROOEERBETETANS ) VT T DI EEEO T A=Y a T4
Y DNEEL % B8, BRREO/NS BB R BB TIEREESHEETH 5. 20izd, K
MRETIESFQTNY V7~ £V 2L —F DHREICERT 57200 CMOST Y A— 3~
TANY ORERITo72. SFQTFNY V73 BV 2L —F 250 20GHzZ 125 & 2557
ANEFEREET, TIVFTLIZHICL DT LIVbEh, KD AMEFICEm I NG,
EHWENTVIMET VT ALY, S#e s ay 7 HERTOREE - 7.
ERSTHARS © 1 AHDLE, 2 AR 5&EFY —JU © Cadence ft Verilog-XL, Avanti 1 Apollo, Cadence #I: Virtuoso, Cadence #1: Diva,
FZ>Y X 4% 10,000 LL L, 100,000 A HAEF > 0 0—2 CMOS 0.6um 45mm fi  F v 78R . 7+~ (PLL, A-D/DC-
DC 2 Y /)N—% 7 &)

I

ligisulig ey

R~

SE2EMREY v Y PLL DSt ST
AERAZIEHRER e =i, B KRE, sO0H=

BE  Sl~vf zuo7aky FRe XY T 70y 7 BRSO PLL I3MEE5AERTH
Do T 4 Yy v Ta y 7 L RO TEE SN, BT AS W a— N
VR BEBRE, 9V FNATHETAI L 2ERENE. TOMHIE, PLLOWHY
v ZELTHEMS, KV v ¥ 2 EBT 51213, BFRBTEIREDE WV VCO DItz &0,
ARERAESE ISR LT PLL Y AT AJEEBEME R AL El@ELE R L. SROHKFT
W, ISR LTS 5 258 PLL 2R L, PR EE R M B %2 PLL (24
HIAATRY v & PLL OFEB 2R A7z, SR EEB T 572010, CPHIEI AT Y FF
Y vEv, BEMEEHYE, Yory FY—r, TEHEBEASZREDTF B CMOSH
i 2 BRAE LT 5. PLL O W E M E L 30-180MHz, 16 FESETH 5.

SEE AR E W PLL OfKY v #1L7, pp. 21-25, ECT-01-73, BAFAMIEAEHRE (2001

EXSTHAR © 3 AHLLE, 4 AHRN EXEHY —JU  Cadence #L Virtuoso, Cadence#l Dracula LVS, Cadence L Dracula DRC,
Cadence t1: Analog Artist FZ> 2 X &% 1,000 P I, 10,000 ki #HIEZ> : v—24 CMOS 0.6um 45mm £ F v 715 . 7
FuZ (PLL,A-D/DC-DC I ¥ /\—# 72 &)




) 2\

YILFF v I{EZ$BRE LTz On-Chip #@&i?fh.ﬁe: 1—=JlIbxry ;D
—J DL

RitAFETBEMRM f%E%,ﬁEﬁm,¢%$é

BE . —o—50ty VT —27 2 TS T 57:0121%, BlI25E & A5 jE
%bﬂovx%A%kﬁﬁmTéﬁﬁﬁﬁé.%@tb@ﬁ&@lotLT_l A2
v N T =27 DVLSHER BT O NE,. VAT 2% KB LT 5700, MAMEZ R T
(e Mb) §52 LT HRICKESRTREZ SO Y- 7 AREE/NUL LSRRI
Hig L7z, AF v 7TIZ3M (1, 0, — 1) OMEMEZRFL, 7Ha KB TIIVFF
FILE LT 0D AN Z2Hio7214 =2 — 1 > 630 ¥ F 7 A D on-chip Z8 7]
e —a—S Nty b T—2 &L

SEXH i, R, RE D BTGS2 —F vk v b= 0% & Zo 4R
RIZ & BB, 2000 4 E FIE ORGP G K@il 4, D-2-3, (2000).
SRETHART : 1 AHLLE, 2 AH R §%EtY —JL © Cadence#k Virtuoso, Avanti #t Star-HSPICE, Cadence 1 Dracula LPE, Cadence
#k DraculaDRC > 2 Z 4% 10,000 L 11, 100,000 &im E{EZ > : ©—2 CMOSO0.6um45mmf Fv 7R . =2 —7
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Austria, September 18-20, 2001.

EXETHAR : A AADLLE, 2 AAKG E&ETY —JU . Cadence fl Virtuoso, Avanti I Star-HSPICE, Cadence fl: Dracula LVS, Cadence
%1 Dracula DRC, Cadencetl: Diva kZ> 2 ZX4&%;: 100,000 Uit HEZ> : v—24 CMOS0.6um 45mm . Fv 7R . 7
T rIFY Y VGG T Ty

BEEFFrINVIVZaL—va KB LSI DS (2)
RRIZXRET7OY T« TEEHRRAME L 4— WX E—B, FUEX, AREE
BEE 4, RIS RA ) OWRRIEDEATH 5%, AT U CIEHfE % ik E
K& SPICE & 7V H3 3\ 728012, FiBlIE 2Bl A5 O B ERMGEAHE L v & v ) BTED S - 72,
INERT H72012, KA IIHBZREBFEML SPICE ET NV OMELIT- TE . [1]
L2rL, RFEETIVTIIRER L& & IR AL, #Rte L CRMERMATK
K% bewv) MBEHRNH -7, T THRAIIFHERB oMM Z B LT, sHHE3EH
LS O#Et & 47572, 63 MDY 23 v b MY AR & 2O MIJIIHHE S A& % 155112
Pt LT, MFBEEROSBEZ T IO IMIIRBT S, ALSIEY a3y P MY RO
fls, D-AZHk, A-D A, VCO, AMA Yo —7 ==, —HlL VA ¥ 5T
ENTVD, [MFABARF Y Y5 IaL—Ya VEELS 0% (V] ool A
7Y M EOREAZBIEL.

SE @ - [1] Shuu'ichirou Yamamoto, Takumi Kato and Hiroshi Ishiwara, “A Novel Simulation Program with Integrated Circuit Emphasis
(SPICE) Model of Ferroelectric Capacitors Using Schmitt Trigger Circuit”, Jon. J. Appl. Phys., Vol.40 (2001) pp. 2928-2934.

EXETHAR © 5 AHDLE, 6 AH K E%EHY —JU ¢ Synopsysfl: design_compiler, Avanti #1: Apollo, Cadence fl: Virtuoso, Avanti fl:
Star-HSPICE, Cadence f: Dracula LPE, Cadence#l: Dracula DRC +35 22 X 4% 1,000 Ll F, 10,000 i HEF> @ o—a
CMOS0.6um3.8mm 3y F v 7RH : 7FurIF Yy VETUE T e v

EHFDOREBEICRAEZ R aEEREF v TOHE ; IEgERENNNEESEREEEn YN
EERMRE AR TS LE D, K2 Rl
BEE B, S ARTH B L A 7V ZMF 5 A %) TR O — 212k
b, FHER T, SN, K, L0 Cmiiicky, HEgozy D
WEMB LTV EEZ 605, /2, WHETIE, 7T~2) YAllicXY, HENSRO
BEEWRERIBLTWBEEZ NS, 512, RO TIIHROME IS L TH X
BEEZEAESETVDLEEZLND., TNET, Fe 3/ L NRIEORREICSHA T,
Ty VBB ELT) RIGHEIRT v 7B X OB A M AT -~ ROnRlEF v TR REL, £
AL LT & 72 BUAE, 4 - WD 7+ 0 7Bk s & O @ISk 0%
FHEg L EZRA TS, SHORIETIE, FFTEISREREE A3 5 78R F & 8 X Rk
&%%%ﬁ?éwmm@%%%AL S SIZRAFTN L U 7 S 5 % o B i e L2 y fifAEm

BORTCE EMIMF v FRER L. Fy FIE LR E A LT 7 x 7 o EsE g, Wﬁ%@%bia%w¥ﬁm@%
#kmmﬂbt
ERETHAR © 01 AHDLE, 05 AH &I E%EtY —JU  Cadence tt Virtuoso, Avanti f Star-HSPICE, Cadence #k: DraculaDRC k<
> Z&% 0 1,000 LL L, 10,000 K HET S 0 vw—24 CMOS0.6um38mm A FyTER A A—VEUH/IAT— kY
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LEEREHZRER Y FO—9 DR TEESEDES - NEEENNEE RN YN
ERRMBlERE T2 K& Hih, Kz Bif B o7 B B
BEEE @ fex 13, AROBUERISHAES 2 J5 MRIED) & BRI o Bk 2 33 5 4
v NI =7 ORFELZOT Fu s RN ET> CE 7 (1. 2 oB) & Bibieii,
Z ORISR OTEREIARAT L7 @R 2 A5 5. SRR, RPTEE &My, E
AMFFEIToTnDHEEZ LN, UL FEREDIERSND. 2y VT =21,
Miller )R 7% EIC X 2 AR ROBIEALICER L, A~— &7 a7k > THEB
L7z, SMoaElElE, Edotxy V=20 RickREFErRidTsZ2zHE LT
fTofe. £72, Fy 712, Ay M7 —27 2T 53K EHKO TEG b &Hz. Thb
O TEG Z M T ORARFE MR T 5L L b1, BHENROZRILOTH X120 26 J

B, 2y b =27 OBEHTEZRET 5. HEmE pEENRREARARED G .
23wk (1] ke H=BL, IH S, VR A8, mi W, W M=, k| M, iR & RO B & Bb ke
EFNOT F a7 ERNEEALT, 4523 I HARMEFE KRS - 65 10 M B ARMREN MR A K S GRKS, Wik, 0-210, p30l,
2000.

EXETHARS © 01 AHLLE, 05 AA R 5&EHY —JU © Cadence #t Virtuoso, Avanti ¥ Star-HSPICE, Cadence f: DraculaDRC k&
DT ZAE 100 PLE, 1,000 Kim BEAET Y m—24 CMOSO0.6um38mm A Fy SRR L A A—-VL AT — kU

1T2C BiEFRF ATV ARIERODHEETE TEG 5iE

REIEXREI7OC7T« 7EISHRAMRE 24— UK E—BB, FUEX, GE R
BIE | SEAEAS — N FET 2 W7z 1T2C MFFEA X £ Y [1] 1SV 2 JH Ll ok
ETEATV, TEG OER T4 572, 1T2C BIEFFEA 2 ) QBRI HE X AH MY, &
AW LMOE, I ba—IPREELL. HEARIIT - PIEZ B CDITHEE
JEEMHLZTNEZ 68w, 22T, LELLHZMED) bRy AT 7, EEE%
AEEEIZOVWT TEG 2 L7z, £V ATy 7> ALV Y bIS—Rogke L. E%
JESEMBIE S IRET SRR ) v a3 Vbt e vz, e of R, B 5
WZBWTIE, BT SV MHERHCIZIZRFE D 0 1.7V B L33V 2155 2 L5k
7.

SE3Hk : [1] H. Ishiwara, “Proposal of a Novel Ferroelectric-Gate Field Effect Transistor with
Separated Functions for Data Read-Out and Data Storage,” Ext. Abst. Int. Conf. SSDM (1998) pp. 222-223.

EXETHARE : 2 AHBLE, 3 AH K E&EtY —JU ¢ Cadence#l Virtuoso, Avanti fl: Star-HSPICE, Cadence #l: Dracula LPE, Cadence
# DraculaDRC bZ > 2 X 4%: 100 DIk, 1,000 & HIEZ> : v—24 CMOS0.6um 3.8mm i F v 785 : TEG (BFMLRE
il 11138 7 &)

Bluetooth AN—X I\ REREIRE 'gEENNAENONENONEEREEE
AMKZXRERDY X7 LIERBEF  PH EZ
AMKFETERERERTER LG FEK

BIE D54, 74 Dy VR O#EL, BRIV RIEREEY LY L 2HME LT
Bluetooth 25/ H SN TW5. KRF v 713 Bluetooth ¥ A7 AIZHATE 5 RX— AN
FEHEEE DA L2 HIME LC#GET 217072, #GHL72F v Fid flash B ADC, 7 —
ry Ty -y a—=F, #ordE oL HEG D SIS TWw . flash B ADC (3 1]
HHBAKREL 2B E VI HBEDRH LD ADCHOLY A—F 52T =25 Vv b LY
I —FIZHLAAIZ, ADC DB L II2 S EHEAARIL 2479 £ 9 ka2 E L, W
BN AR, TR0y a—F3 725 vV MEEOE ROM & v,
MU & BRI, I RE L, MgomE b EB L 7. o S ERaEEREEERES i
EXETHAR 0 7 AHLLLE, 8 AH &K E%EHY —JU  Cadence t Verilog-XL, Synopsys ft design_compiler, Avanti #: Apollo,
Cadence #1 Virtuoso, Avanti #1 Star-HSPICE, Cadence %L Dracula LPE, Cadence f:: Dracula DRC, Cadencetk Diva k5> X%
# . 1,000 Ll L, 10,000 kil HEZ > : 7—24 CMOS0.6um3.8mm £ F v TR i (RFEEE, ATM %4 &)




N\ T

¥ﬁﬁ%ﬂ§ﬁﬂ2ﬁSD&QMﬂﬁ®§g:)

R RZAZRIESHRFI2MER Bk S, FA 230, W0 i

BIE | BRI T AT ROLHEERNEE 2 553 2 10Hh72 0, ToIARNEELE 725 24
SD B4 (SDFA) DEBEOF v FTRED L) REEZ BN HIIEL»EMEZ &
WBEETH L. SHOBRFTIEHAERTZ 2 2 4 SDFA O EBEOB1ERERE & e %
WETHHWTHFTL, 7y FITERESZALNTEL LU SMEELF
v FIZEBRICHATE T 2 2L & 10uA, 20uA, 30uA DM EROMEZIT-72. Fh
ZFNOHMBERT & ANBRMELZELSEZEEORNBRBELZMNELZ. b rIYR%
DOIEREZ X BRBEPLEINLD, EIFEYIab—y 3 Vil OfEFE S,
EXETHAR © 05 AHLLE, 1 AH K E%EHY —JV © Cadence ft: Virtuoso, Avanti #t: Star-
HSPICE FZ> T ZX&%: 100, 1,000 K HIEF> | ©—2 CMOS0.6um 3.8mm
fi FyTEHN  =a—72r/uy

e
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SN 7 FOJEBERE (5% Low Pass Filter) D{E

EEBTHEXRFETEY Hep ®, X4 #EE8, i EZF

BEE Lo AT, PR I0EE LEOOH 2 BEMROMEEEL LT [
SRS - 7O A L HE LRV AT L] OMEEITR-oTBY 3. BEE
T, FUZNERNBOREETTRoCE T LAz FNNE, THuZEREBOL A 7Y
N E%EN A B® L, SX9000, PspiceZz & DL A4 7w MEEDHEY — VORI AIZEI L7z
DI, KEFEBA B X OEIREAD, WAWNR T o Z7E£/RNE (5K Low Pass Filter) @
RMEERITo 7z, BMELAF v 7 WO, AN T Fa 7 E£RmMENE (52X Low
Pass Filter) DIAFZETTH S+ X7 v TOHEKREGZ MOS + T v VX7 %% HIWTiT-
7. ZOFNRT YT, 8DOMOS FTy YR, 2MMOESL, 1 ODFETHR ST - S A EATT I RN .
Wb, TOFRT T RIERFTFELTI9MHMHNT, 5KLPF7 4 V7 OulkORE % pEmpEesddoEEpaaEnanDEE bl
ol

SRETHARS © 1 AHLLE, 2 AH K,  §%EFY—Jb : Sl 4k SX9000, Cadence*l: Dracula DRC, PSPICE 5> X &% 100 b
F, 1,000 k% FHEZ> : u—24 CMOS0.6um3.8mmfy  Fv TR . 75 (PLL,A-D/DC-DC I ¥ )X—% 72 &)

K157 x—2X LS| BDFRE - pEESgEEIgsssgEEsEsn
EIRAZTHE bt A%, R EE, HXEE s

BE b vy 72— AR, 73 vV FAF—=F, FTUT VT, 24Ty 7 (O
HiR), VIv sy 7T hoiiksns. Gll, 7+ A F—F, U7 TOMI,
PR O Il BRI Sl TR O B ml s 2 Z & L, fEL7. /2, CMOS A ¥
—FRDOYIv T T ERMEL. FLT, IS 2k LTI L7262 E i %2 i
L7z, TOLE T+ MFAT—FOKREE, Ik, A4 07y 7ORMEE% 2 C5HME
DNZERBEERMEL 7. FMORE, 74+ AT —FE258L, 7V Ty T% 7+
—VFy FHAT—FREFT LI LX) 100Mbps D JE & 45 VERE 2 IS 72978
ZRFBEPERTE LI LD T :
SEHEAR 2 AHBLE, 3 AH K EEEY —JU © Cadence ¥ Virtuoso, Avanti # Star- HEFTTT - :
HSPICE, Cadence fl: Dracula LVS, Cadence#l: Dracula LPE, Cadence fl: DraculaDRC k2> X &% : 10l E, 100 K  4E
S u—2 CMOS06um3.8mmffi  Fv FHER . TEG GRiEFFAMNHE 2 &)




KA 5Tx—R LS| HDOFIE ¢ guEE EPEEREEsuEERE
SRKFTHE i A%, Rl EE, =K EE 3 .

BIE A v 9 72— AZhMEKE, 74+ bFAF—F, 7UT YT, AL T T 0N
), VIV T I hoans. 4hl, 7+ bFAF—F, T)T7 v TOMIC,
WEBO [l A AT TR O RSB ik 2 Z% L, #EL7z. £/, CMOS A ¥ A
— MDY I v Ty TRRMMELE. FLT, IRS R L TEBK L22EZE R 23
fEL7:. SO &7+ MFAF—FORES, il 24 07 v 7OMMEE% 2 T 5HH
ONZAEMEERE L2, FHMEOREE, 74+ ¥4 F—FE208L, 7UT T2 7%
=Ty FAAT—FMEF 5 LX) 100Mbps O RS & 4 Vg 2 [FIRE IS 72 9758
ZIRMEDEHTE LT L5 ho 7.

EXETHAR : 2 AH UL E, 3 AH K §%EHY —JV @ Cadence #l: Virtuoso, Avanti t: Star- -
HSPICE, Cadence #l: Dracula LVS, Cadencefl: Dracula LPE, Cadencefl DraculaDRC k3522 X %% : 10, 100 & H1E
S i u—2CMOSO06um3.8mmf  Fv TR . TEG (GREFFEAMNHE 2 &)
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CMOS ALY b « AUNT DG ; BN E R
BEAZEFIZMRMA EBRE, NIEE E2 e :
BIE Bt — FMETRIMOEAEHE T THLE MR AL b - 2> X7 (CClI)
&, BRE— FEGLBEICBT 2 EAMESG L LCHUEMNTSNE. 4o cC Il oG
T, WBEAICERE, EEEBRPOKD N, 7 AE, BRANIZAB#T v a7V
BEHWERE L, BEANWF, BRADNWS, BRbIImFo=um1re, A7
ABBD 72O DBRAN T 2IPAR NG T- L L7z, ¥ Ialb—2a ildhiEshn
72 CC Il DYEREDY, EBRDOIC THLHONENE ) 2T 57205 L7z, Hspice (2

Xy Iab—varsfReE, BMELZZICOMERRED, ZIF -T2 EIEON
7.

2Z Xk . Roubik Gregorian, Gabor C. Temes: Analog MOS Integrated Circuits for Signal
Processing, New York: John Wiley & Sons, 1986 §%&HH#AE : 0.1 AH DL E, 05 AH kil §%&tY —JU . Cadence ft: Virtuoso, Avanti
#L Star-HSPICE, Cadence #1: Dracula DRC, Cadencetl Diva FZ T ZX4#: 10D F, 100 #is &HIEZ > : u—24 CMOS
0.6um38mmfy Fv TR I T usIFY I VEGLE T Ox Y

JOOEENENEDEEECUREUREEREEE
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BAAAVE—=F VX AB R CMOS ALYV b « AN DERET ‘HRENERA RN R R AR RS
BRAZEFIXHARA &R E, DI EE, B2 R
BIE:SFCoE_MRAL b arx7 (CCI) i, BRANWTIIBIFSAL VK
— ¥ U ANEL, BRADWTEBEAN G FHOF 71y MEEDKEZ W20 ZBAHY
GARER ARG SNV E WD) S H 5. ;;TA@®CCHM BEATNCT 4 —
RNy 7K %2 F v 722505 2: (folded cascode op-amp), ERFIEA S W 5 /54 7 A B,
HIMATINCABRT v ¥ 2 7 IVE, & L Ch i Bf%)ﬂa L7z, AHRA LG 1%, &
JEATIYG T, BRANW T, BRHDWMTOZWT&, N 7 AERO 720 OEIEATI
T, A TAEEDI2ODOBEANIMTThHE. ¥YIalb—va ilihfohiorLy
b T RTOERED, EBEOICTHRONL L) &R L7720 fEL 7.
Z2ZX#k . Roubik Gregorian, Gabor C. Temes: Analog MOS Integrated Circuits for Signal
Processing, New Y ork: John Wiley & Sons, 1986
EYETHAR - 04 AHLLLE, 05 A& EEEtY —JV o Cadence t: Virtuoso, Avanti #: Star-HSPICE, Cadence #I: Dracula DRC,
Cadenceft Diva bZ > ZX4%: 100 L, 100 Ki HEF> : v—24 CMOS0.6um38mmfy Fv 78R . 7Fus/5o %
WS 7 ot v 4
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N\ T A

Rail-to-Rail AB & CMOS ALV b - &@‘D?ﬁ?‘l‘ B L TP EEP PRI
BEAZEFIZHMER AR E I EE, B2 e ; - % il
BIE  HiE— FESLHOREE, WETRIMETAVWI A FIv 7Ly IR S = oo T

CHhb. L7cdoT, ZOERMEHEFTL L TOCCIINIZH Ral-to-Rail »AMITIEITE
HPAATR SN, &SI AMIITRTIC AB #% Rail-to-Rail # w5 2 LT, KEHE
FiM’Fﬂf IBWVWTYH, TELMYKRELSINIEZBRLILNTELHRE o TWA.

ZCTHI O CC Il L, BIHEATIIC Rail-to-Rail TS %729 OAHAT Neh, Pch 28 A

731%4, BIATNCABM T v 2T VE, B 7—, EERE, KL ORAHKETS CHEK
L7z, SHBAM UG F1&, WA, WA, SERBWFO=m-&, N4
TX?'Eiﬁ@f:&)@?Eiﬁ]\jﬁ%?“G%% Yialb—YariZiyEohiAaL b ay
N7 OVWREDS, EBED ICTHHOND &) hEMERT 5720 MEL 7. : < B AR R
SE B . Roubik Gregorian, Gabor C. Temes: Analog MOS Integrated Circuits for Signal Processing, New Y ork: John Wlley & Sons 1986
EXETHAR © 0.0 AHLDLL, 05 AH K &EHY —JU . Cadence fl: Virtuoso, Avanti I Star-HSPICE, Cadence fI: Dracula DRC,
Cadenceft Diva b > X4%: 10Dk, 100 ki HMEF> : ©—2 CMOS0.6um 3.8mmfy Fy 7R 7Fu /7Y%
I F L7 a2y

VI FMLIRIBIVUER-BEEIREEZD TEG H{F TTEERT TR
Yt SR o e N Sl& #, Kariyawasam Amal Bandula, XiZ & AN o L a
BIE © Fex i, WEOBTEEILEIZ A, WROBRBEREZIEET 2Ty Vkli4 v b
7 — 7 ORFEL ZOPEMOBRAILE KA TE 7 [1]. 5;%7(“, Kxlx, Tory VT —2 O
TEFT IR 3720, Y7 L IYRAZICEBF—2 D% 7)) 72 BEILTWw
5. F2, To70, FHEEPSHNENLEBRES % EERESICEHRT 2 MBS LEL
b, 2T, SHEOBETIE, Lkl 2 o00RMEEZ T 570, D7) v 77
Oy FIZEDVBERENTZA4BDY T ML Y RY EF X3y ¥ & VB —E 2 b %
2AMEL, ZOEMERMRTHI L HME L.

SEXHE | [1] &, K&, LH, R, I, R#E D TRSAFIv Ly VERT S ="
Ty VBRI OB TR, BAMRERSRE 11 Mk S#Em s, pp. 137- ETTTE :

138,2001. EXETHARE : 0.0 AALLLE, 05 AA K §%EtY —JU @ Cadencefl Virtuoso, Avanti I Star-HSPICE, Cadence #l: Dracula
DRC kZ>TZX4% . 100 Ll L, 1,000 ki =HMEF> : @—2 CMOS 0.6pum 3.8mm f  Fv 7R © TEG (FVkEFAM [al % 7
)

ERZXES VLS JOMY 1T L

RIGHATEREAERIEMER  BEH T

RISHERZEAZISZE HbhHEA

BE . Ha KRS TE I 20 LTHEOD LN TS T L AT =77 L A4 EEEHIH
OTFay - FIUZVIRIWRLS OEEITo. WEEETTHBE LD OOERR S 0
N ATTHD. KF v 7%, BREMRSHEE 4chBRL TS, LA 7Y FikEHT
&, 4ch DN Y FE2WR 27200 2ch TOLELXFRICHE L, 1§75 ORCHEHEED [ T2
A EDITOHFTERI LA F/2, 7AW RELTIZBY I D=V, TF
Ty, FIINTHy ZHOBRTA VOSHHIEN BTG E L. ZoORMETIE,
TxAAXR=VYORELOPT Y TEMML TV 2. REDLZOOFMMF v 7O—>  EE. ‘
LLTELTRMEL. EeThEEE T
SEXE AT, BKEMFE S LSl OFME - FFA7, 1999 4F B TE -1 B0l S S A UM SCER AR AR SRR SCE (1999).  BRE
ARG 0 0.1 A ARii  5%EtY —JU © Cadence #t: Virtuoso, Avanti # Star-HSPICE k5> X 4%;: 1,000 DL L, 10,000 #Kiii {E
> . u—2 CMOSO06um3.8mmfi Fv 7H&ER . 77 IRW




70—« V75— MOS #iliz AW RIS 7 705880 T, pr
RAKXFTHRHARR LG RE i
RRAEMABIAF TR REHE

BIE : Principal Axes Projection (PAP) H3\ & ot % Hg L7 Flk 7 5 1 7 M4 |n]
ZEAFE L7z, WIS CIIMEBES EUEES) o7 v 7L — ME, ERBEOERMIT,
B E O RENE % FikZ, ERHTELIELIE0TESL. ZNFTL16KIG, 15
N7 MVOBBEZFED T A FUERIZ X o TRHEEXFORM, Eh ) EEO5HE - 7508,
PR X SEBAGIEAT 7 ER 4 IS CTE 5 2 D EBRICE D FEEh T 5. £
7z, 5 sub-threshold FIR A IV 5 X120, WIWHREN REHA L EHTE L. K
BETTIRZD L) BEBH R E ST X T4 KIT, 64 X7 MO BBEOKRE %7 F
o s A B Rt L7z, JOockL, B TE AR MVOAIZ - LICE ) I HITH T
BEORE REBREIT) ZEHNTEDL. TOF v TV TIRBAEFMH O R — F%ﬁﬁ¢f%é

SEXE - T. Yamasaki and T. Shibata, “ Analog Soft-Pattern-Matching Classifier Using Floating-Gate MOS Technology,” to be published in
Advances in Neural Information Processing Systems 14. E¢Et#AR © 1 A BPLL, 2 A Ki  §%8tY —JV | Cadence #t: Virtuoso,
Avanti f1: Star-HSPICE, Cadence #L Dracula LVS, Cadence*lL Dracula LPE, Cadence*k DraculaDRC k>3 X &% : 100,000 Lk
F #fE5>  v—2 CcMOSO0.6um8.9mm fi Fv FEER) 7S (PLL, A-D/IDC-DC I ¥ /N—% 72 &)

E

LlTu BT TUN TR SEHun BE EYHEYREES STETRaaRRR TR,

FASIBIC KL DEERIVa vy Y

REREIZERMER Xt thil, HHE H
RREAZFRARERS X7 LB EMNR L 24— (VDEC) %H FiF

BIZE | UBOBEIC L 2 = RcRH T, RF L2 ERL 26407 L -2 %
BLZFREVIT RV, 207, YTV AL ZRICEHINCIEIER I m s 2 k5t
ML, ZOMEBEZIELR2TNERS 2w, 22T, BE LY — MROBEATIEY)
WCIEEL, BRI SN AERZEOT FL ARy a—F3h5AY— LUy H it
%, WMELZ. BHERII8 NIV IVAFET 4 MF A F— FTHR ST, ERESEHkE
BEATEN Ty a— Nz &, WmES A & 27um X 27um TH Y, ORI
21.36% Th o7z WfEL7ct >y Hid 256 x 256 WiFEAHL, ¥ Ialb—YaryTE1IA :
DY — FROTLOT FL A% 1080ns THATEETH D, BB~ 7Y ¥ ZIC L DTH i s aess e e 1111
JEAL & S RICEIRIG ST o Em 7L —A L — NEERTE S,

ERETHARS © 1 AHDLE, 2 AH R %5 —JU . Cadence#l: Virtuoso, Avanti ¥ Star-HSPICE, Avanti 41 Star-sim, Cadence %k
DraculaDRC kZ> Y Z%%: 100,000 Ll L fE5> : @ —24 CMOSO0.6um 89mm A F v 7EH : 4 x =Yk /A< — b
X

(EEHBENEEEFRULUETIIVF I LI U EEOSHESTEA TEG DKK{E
RIEXEXFRTZHRER  SHSER, Bk X

RIEXZEREEWRAT =i T8, 4R =L

BIEE | Al - WARRTEICHE D SRR O B B oI, EROVERRR oWy L &
LEROVEDTH L. WHOERAETRDL HLNTWS CMOS T Y v 7 [0
DOEEEINE, DEHEBOBIMAENEINT 5. £F v 7ORIETIE, WELBEIE
RSN L W2 HEENVEEREINAKE L 2Ly VE—FO Yy 7 TR L 72,
KRS, ALY ME=FE Yy 7B ) IEEEBNLCAMTH D 2 L 2 GRS
LHZENHWTHA., NI VIATETNVEERO NI VI A5 OBRKIGFED 2% PN
572D TEG bFEEL TS, TAZIZEBMERRT-> TRV

ERXETHAR 0 1 AH DL, 2 Ak §%EHY —JU © Cadence #k: Virtuoso, Avanti ¥l Star- _ -
HSPICE, Cadence fl: Dracula LPE, Cadence fl: DraculaDRC k> > X &% : 100 DLk, 1,000 ki HfEZ > : ©—2 CMOS
0.6um8.9mm i  F v TR TEG GFiEFFAliIEE 2 &)




\ 2\

hiLBigER I EGNEF v D <:)

RAERFTHEFER il ¥

BIE | AOBULRHRLIL S X 7 4 Tld, #EBEOTMIRGIE OBV (P08 287D,
SR CIRAIREE R K LT LT, 2ROT—FV REHNZ WD, FABHTRNO T
— S RALICH LTI, Hy s — PRI EEOIRERGEI)IC X - T, L2k
ZHLEETHRZ, MG FHKT 52 L ThioTwa. L L, 2059 ZEd Az IREGE
By IS EBT 5 L IINEETH 2 4, BRMISHLEOMIE 2 BE) T X 5 B{GAH
Fu TREE L. BTy TE, ANORKMEEMRINL, kKL% 2WFEOMENHZE
NS5, WL, O S OIS 2B RIICA S, X ) BRI LG
B2 FEHT 5 S, ZOBRMICA -2 7 Bid, BRI 5 £ TRAMHED

B2 SBrhs. 2%, ROBRUZROMLOMZFITHEKBELZ MO T I & TE : i %
57:0, BEROT—FBEEZBROLTIENTREE 2D, ZLT, ifiﬂ*f"il&fﬂ)@%%)\i&%ﬁﬁzb?é LT, }\73 BEHELN
b. oy FOBIC, KB EEE LT, AJWBREFHERT 5. Y23 b= 3 YIZBWT, @l L T 60% O

F— PR EME L. AF v 137+ MUY, Winner-Take-All [, JRAERE, EPTIAEEHE TR X, WEEIE 64 x 64
T, BUERHIiHhTH 5.

ERETHAR © 4 AH DL, 5 AH K E%ETY —JV @ Synopsystl design compiler, Avanti 1 Apollo, Cadence#l: Virtuoso, Avanti fl:
Star-HSPICE, Cadence fl: Dracula LVS, Cadence f: Dracula DRC, Cadencetl: Diva kZ > X 4% : 1,000 UL F, 10,000 & &
£5> . u—2A CMOSO0.6um89mm i Fv TR . f A =Tk Y AT — b Y

EELANIVEIRE R

WRAFEERMHMZEAR  &H&—, UH Xth, fHEE—, &F 5F

BE . —oo0F vy 7ONETEN CUIHR) ISTHEREFEOEREE w5 2 & TRE
L% FER T 24 2 FEDPEBICIRESN TV S, /KO PMOS 7 0 2% v 7L % Hwv
7o LAV TIRIBIEDS K E W E W) HEERH - 72, T2, KEELOHNL O TR
JRVEMEY =V VU RIERT AL 2o TR, ZOMEERFIRTLEOH L\
BEEEL, MLz ITo72. RO DIZHRTEEZESUTICNE 2 2 L5lE
WX o THERD bz, T2 &N, BEBEFENE Y - bIEYZATHD,
LS| B O YEE TDR iy THETROD DL Z ENTE L, BIRIE X VoA > ¥
IE VR, FxoT A, AL, FEEOK T A—F 2T 5.

SXETHART © 05 AHLLE, 1 ANHKNG 5%EHY —JV © Cadence#l Virtuoso, Avanti L Star-
HSPICE, Cadence fl: Dracula DRC, Cadencetl: Diva ;3> X &% : 10,000 L |, wmm*ﬁ 3&7/:n 2 CMOS
0.6um8.9mm i F v TR TEG (GFEaFAfi Mk 72 &)
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Tk 12FE $£2E O—AO0.35um F 7i(E
(RO35002)

Gm-C ARERWVE 8 RINY RINZAT 1 LY SSEE0AUCUEE RGOS
LEEREZEXZREHVEFERRE AR &, SHE g ’ A
BIE | BEAIERGETE LS 2B W, IF# KLU Baseband Hi O Mk CMOS 7' 1 £ A 12 &
H1F v TN LEINTVAE, 22T, IF74VZOEEHFRELTGM-C74VFH
XAEHENTWE, RRMETIE, Ny eV HMER—-ZIZHAI<A A LT, 8RNV F
IRA 74NV (BPF) Zakal L7z, #0 % 10MHz [if:, Qi 9 ~ 15 K BPF
 AMEREHIEER L 2 R LT b. F2, ZomBEETIE, MOSHS Y I RAFD
FEER L, A RMOBERFOBEIC L > THEESIRE LT 572012, M) Iy 7
R [ EYFEE M AN E 20 B ARMMETIE R L LT Eébpﬂ*klﬁl%%?‘%ib’m\é E
BRI LD, 74 V7 OHLEBEE LD Q HOMIE Z 47\, FEMEAMEARAEIZ A
WCHIEZIToTwWS, ¥YIab—ya TGS 10MHz, i%i@%iﬂz :
700kHz % 57-.
EXETHARS : 2 AH DL, 3 AH A 5%EtY —JU  Avanti 41 Star-HSPICE, Cadence #: Dracula DRC, Cadence #k: Diva, Cadence #:
Andog Artiss BT T Z&Z%# 0 100 DE, 1,000 ki HET T 00— CMOSO0.35um49mm i Fv TR 7+ v (PLL,
A-D/IDC-DC I ¥ /3N— ¥ 72 &)

ERE— MNERIRRRERER I 1LY P
HEAKZTHE el N -
BEE . o — MR I T — 2 LR 2 KAKEGE I CEBTE 2 2 L 2 ML T,
ZNS EMHERT S L TEHRMIEEB T 4 VY PEHTE L LB L2 4N,
V= FF X ANVICHEEDREER T A NI ~DIeH2E 2T, Y— M EHERI 55—
EEMBICENZEATLHEEZERL, 74 7T —A MEREMA SR 7 4 V5 D%
FHEWERIC L7z, BRI, SEWTE S 400MHZ 2 K7 — A b 8 KIVHIRIE 7 4 v & %%
i, BMEL7Z:. HSPICE Y I 2L —Y a3 Y2k o T, 74 VE#< 0.140dB, FERIE(RE<
15%, THD (400MHz) < 0.5%, {HETEI] 45mW, F v 754 TEFE 0.05mm X mm O

Rz L72. Zhid, 800Mbls DR—ZNY F F4 V¥ WAE%RY AT L DI 7
wakl,f;@ﬁiﬂﬁﬁk%;‘cé. R RER A ERRRNER RN RN
BEXE xR, T — R MEREE R 72 BT — FalfwE WL 7 4 v 47, ICD, Vol. 101, No. 281, pp. 3945 (2001)
EXETHARY © 05 AHLLE, 1 AH R E%EFY —JU : Cadence #l: Virtuoso, Avanti #1: Star-HSPICE, Cadence ft. Dracula DRC,
Cadence ft: Diva FZ 22 Z4%: 100l E, 1,000 ki &HfEF> : m—24 CMOS 0.35um 4.9mm /i  Fv 785 . 750 s
(PLL, A-D/DC-DC I ¥ /N—% 72 &)

IPAR3000 37 - JO0tvY

EEMIAKFRERIEHFZMER A X, E4KHEF, & EC

BEZE  T4E, LS ORRIMEASEA, HEOCPURF Y v v 2 X EY, FREELZERL
72 SoC (System on Chip) DFEHHHEE > TETW5D. SoC DEXETHARIEHIIC 1P 123K
FTHHA, LrLAR2S, BERBELTVWA IPREMTHY, F/n—F3r7aT
I TWBEIEDE L, NEHERE HMICETE T2 2 LANETHSL. 22T, 7—F
T F X WS REE BN A HHICAEE TS, »oEBECHEATcE2IPELT,
RVYy NERIFERRS, LIAYT AN, SEXEYIZLSTLB, CPUI TR, £
o ZMAAHE7 R3000 CPU 2 7 %, Verilog-HDL % W C#&FHL, #MELZ. 70
Ly, 28y FSEL TIA4 VORISCRTat v T, BEEERAGZFEELT
W5, TLBIX 32> Y THY, MIPSR3000 D TLB O 7> h&hoTwh, ,
RMELF vy 7oy — ML, 32y MEEREKRSEL 10485 77—, LY A ¥ 7 74V 20,035 % — b, TLB51,205 %7 — F
CPU23,077 7 — F T&EH 104,802 7 — M & a7z, MEL2F v TOFMIZSHBIT) FETH 5S.

EXETHAR : 5 AA DL, 6 AR 5%EHY —JU © Cadence t: Verilog-XL, Synopsystl design_compiler, Avanti #L Apollo,
Cadence #1: Virtuoso, Cadence £t DraculaLVS, Cadencetl DraculaDRC k3> X 4% 100,000 L L =H{ES > : o — 24 CMOS
0.35um4.9mm f§ Fy TR v A ru stk v




) 2\

BEVVSRREEES 1P OFERF v \O

LEWIAFERIEE AN B, Bk EE 888z

BIE | ZE/NRGREERIEEROHE AR TH Y, 7774 v 72T gL
GELLOMETLELEINTWS., L LFB/NUTHRBESRORHIEMETH Y, 7L
HRORIETHIICHH TE 2 ZE/NNUTEELS IPOFREIHE > TWwb. AHFFETIE
IPELCoORMtZ HIWE L CRE/MOHER O 21T, ZOMIHTF v 7 % R 1E
L7z, AF v T3 MANEE I HEE 2 R 8 /NN A 3 X ORI/ R AR 4 1
(HEEBER B 100MHZz T34 754 YEIET A2 b @) &, FEI/NENBRSES 4 T8
(H B EAT 5OMHZz D B O & 100MHz Db DZFNZFNIZDOWTSA 754 BifE
THLDELEWVLD) ZEBLTEBY, wWihd IEEE-754 HIEIZHER L T 5
F%EtEAE @ 5 AJJDLE, 6 AJIRki §%&tY —JL © Cadence #t: Verilog-XL, Synopsys Fan
design_compiler, Avanti fl: Apollo, Cadence %l Virtuoso, Synopsys fl: PowerMill, Cadence fl: Dracula LVS, Cadence fl: Dracula LPE,
Cadence #: DraculaDRC 5> Z 4% : 100,000 Ll 1= #HIES > : u—2 CMOSO0.35um 4.9mm £ F v 75ER : wE K (F
B, BHERRY)

E

JEIERERRES A RF Ei%

ARAZEAZREIZHRER o X8, & FH, LA RE, a0 W=

BE 5 v TR — 7 fEA V5 7 2 — A B W T, FolE#EL T 7 ol
B7ay 2 1IZRTHRODTNMITH L Z EATRDONE. EHERE Y AT 2B W THEE
BTy 70128 LT, MVHMEEIVNS W LCERMERZLHENS., LrL, *
Vo FoT AT R LCRIENEEHWS L, HAHEMEIKE 2L RED i g
Hb. FuTHMERT— Y BEA Y5 72— ARBTE, AERLAERSNE—), & E E§
HAHIEROBE O 720, TSI T, MHME SO Z X )RS 2 2 & 251
Enh. UEo$rs, Fv 7HERT — 7854 > 7 7 o — 2SO/ L2 e g = 335
Hifg & L7-BERER R H & LT CMOS BHIBIBOMRIE & 17572, S 512> 7 (EEE S
BOBERICRIELZZ 74— LTy K« ¥ AR— VT V7 F, REEREZEHME LT i
WIHEZR ST 2 720D AL GV A V¥ 7 & 2B, I, 97»%;~:/7ﬁﬁLc‘mu%&vﬁﬂu%%%ﬁb
7z.

SRETHARS © 2 AHLLE, 3 AH R EREtY —JL © Cadence ft Virtuoso, Avanti £ Star-HSPICE, Cadence #t: Dracula LVS, Cadence
#L DraculaDRC b+ > T X 4% 100 Ll 1, 1,000 ki #HIEZ > © o—2 CMOS 0.35um 4.9mm £ F v 785  #fE (RF [l
B, ATM %2 &)
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E IO

nj COICIDD

RBFRTFOSARSETER TEG

KERAZEIZHRER B FHE, vl KRE, a0 W=

BIE | 7y THESERE TF — & 42 2 BT ORI EMG 2 Hi & L7 TEG & #
L7, BARWICIE, A0 F v I T VT T RANSL GNA Y50 5 ThDL. TrTFrid
ERE3IMOT A —NVTy RFALR=NVT T F 2R L. FA4ARX—=NVT T F X
BE, WHNIHETAEMSHEICRY, RERMFEINEBLIENTES. 1 V¥ 7 513,
HREDANLGNA VT 7 ERE LA SVA V¥ 7 5O 2 HIZOWTIRIEL
7. Thoid, £ 57y OHCHIRFESSFHECE 2 L9 ISR L2 b o &, FEBRICI
BCHLIAAATEA v &7 5 SR L7202 RS- CE 2 L ) IC#E L2 0 TH B
GE MM F Y FISELZ). BB LA V57 51E, BEoA v 57 5 LIk
THBRCHETRERA VI Y VARBLZENTELAY v MY, EEONILIC
FIHTE 5.

S%ETHAR © 01 AHLLE, 05 AHKii %5tV —JU © Cadence fl: Virtuoso, Cadencefl: Dracula DRC k> 22 X &% @ 10 Aiiii
HEZ > m—2 CMOS0.35um 4.9mm £ F v TEER D EfE (RFEIEE, ATM 74 &)
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PII—=IVEREREER T 51 A—I Y U EBOHRET

EEXZXRZRIZHRM  HlL ks

LEREXFREHVEFENRE SHB, HIE KHE

BEE . CMOS A A — Y& Uy H i3l D CMOS 70t A TR RE LR 2 &b TFa s -
T4V Z VN EMAGDELEIES A=V I HE SR TS, A ld, BEREHR
DL1DOTHY, WGIEMLIFBIMB AR 2T ¥~ — VAR LT 5 2 LT A=
L S R BERE RN L7z, iR 64 X 64 ¥ 7 2R B L 723 MEF v 7O EK
RBED LIS, SHEE 7 VgL Rl & T256 x 256 ¥ 7 LV & IERTEE 7o 72,
HZEZ RV TIIBREIS UBRAT ¥~ — VEEIC L Wi sh, @iz me o
BEND., MEENTFar/ 37T ¥~ — VRO TS AD 2t B LTT4
TEMEELTTFy THh oSN s. BUEEF v THED 12D DHRAZERTTH 5. e — 5
SBEVFyTT = IVERA A=V UL DMIGLER Y AT LB L, $E%#/27A®¢ﬁﬁw~wﬁ?% EF
TFETHA.

SEXE i, 7Y~ VEBRBEREER AT A A X — Vb Y REOKER, p. 148, 2001 4 VDEC 4E#i (2001).

ERSTHARS © 1 AHLLE, 2 AH AR §%ETY —JL ¢ Sl #1 SX9000, Avanti 4 Star-HSPICE, Cadence ft: Dracula LVS, Cadence #t:
Dracula LPE, Cadence fl: Dracula DRC, Cadence*l Diva, Cadencefl Analog Artist k> > X 4% : 100000 ML L #HEZ> ' &
— 2 CMOS0.35um 4.9mm fi  Fv 78R . £ A — Ik /AT — b

IF HGm-C 7 « L5 Ds&Et

LEEREXRFREHDEFEMRR REEZ, SHE

BEE © HE, BEHAEREO IFREKICBWT, IF74 V%7 IEFICSAW 7 4 V¥ RiEE
K7 A NIHPEHENRTWE, IFEKET Y F v AT 5720121%, IF74 05 % LS
LT BUENRD L. IF 7 4NVFIE, WG IZEBEEI LI B W TR WABEE AT
KENB. IF74 08 % LS LT 20 E LT, m#FEREIEHEL TWwb Gm-C
ZANEHRPEHENTWS. Gm-C 74 V& AT, HOMEREILEE 5.
Zr[n] E By 8112 Maseter-Slave fl#HlE % 72, HIEOFEE, 2% O FLEEET AT
L7, 72203 hE, 7210003545, 20 2% DT ik, MasterFilter &
SlaveFliter ® 2 2D LEEEORETNICL 2D DTH B Z LD h o 2. HuLJE I EH
S E 2% TiX, 450kHz Dl 10kHz @ X 9 Ze kil 7 1+ v & oflEg: & L CTidHM T
TE7%Ww., 4, 6thBPF ZH LT L7z, 20 6thBPF O &AL JE RIS, FHEE T SkHz BRI F 5 > Y A 570)’7’— ]‘mmkl -
THIE L7228, NIy I IEMRICIEHBH SN2 ro7. BEEZMAICHTTL6ZLIZL-oTT7 I v MR EZRD, 6thBPF
MWIEHTE 7.

ERETHARS © o5 AAVE, 1 AAKG EREPY —JL Sl L SX9000, Avanti 4l Star-HSPICE, Cadence #: Dracula DRC, Cadence fl:
Diva, Cadencefl Analog Artiss FZ > Z&%: 1,000 Lk, 10,000 Kki FHEZ > : ©—24 CMOS0.35um 4.9mm i F v J7'i&
Al aEfE (RFWIEE, ATM 7 &)

IFY A5 L LSIBRU ADC €Y a1L—9 M5t

LERFXRZREVERZWER  FHIMH, NI 2E, sHE

BEE | EHEEWEICBWT, ZERICER SN BEMEOL IFEHER DR IFH
WZEY RSN S, PUAQPSK @ & 9 Al - RV b i E & DB X% Sk E
THEIHT 21T CINFEICEN 20— 2 VRS, 7 =— X)) =7 THlIf % AEHlE S
LT FusERs IFTROONE. SNODIFYATLADT v F v ALz HiEL,
VCOPLL, AGCAMP, 100kHz i CMEHBEZ DC v MR ZAMEL 7. VCOIZB L C
1% 6.25kHz & #{ ¢ C/N-108dBc/Hz # J23H L, AGCAMP IZBY L CTid NF=17dB % 3%/ L 72,
DC v MRIBEICEH LIENA S H v M+ 7 E 155Hz 298 L7z, CCOMID X
ADCEV 2L —% TUTOETEIT\, 035 7Ot 2% W CTiEEN T o 72, W
DAC @ﬁ#ﬁ 2 lﬁfﬁ@’r 4 LA BRI X Z,> 74 xﬂ&m&/}w/\ V77— ﬁbnb X % DAC

HDNy T 7 —14H, 'C%Zg ZKADC EV a2 L— & T @Aﬁm(&iﬁ%ﬁawt%ﬁ, PowerMill cwt H¥Ial—vav
filic 75dB @ SIN L Z TV 5.

EXETHAR 0 05 AH DL, 1 AH K F%EY —JV : Avanti £ Star-HSPICE, Synopsys #1: PowerMill, Cadence #L: Dracula DRC,
Cadence #I: Diva, Cadence t:: Analog Artist b5 > 2 X &% . 1,000 Ll 11, 10,000 ki H{EZ> | ©v—24 CMOS0.35um 4.9mm £§
Fv7H&R| . 7+ us (PLL, A-D/IDC-DC I ¥ /N—% 72 &)



EWﬁE*WhD—OE%H?%kaEé;;Lmﬁﬁ

LERFRZRERDEFEMER | B FE, XBE, HIE SHE

BIE | EOEBR A MR IC D < TRy MRS LB R NS O A Hig L C,
BT ER Y V=2 2 FERT LT —F T 7 F vy 2 REL TS, ZRIHW L EENF
v THITIE, PHRVARTA Y THEBOT — % ZRBICRELLERD L, L5 0HE D
WMTEE 7\_% ETARY NI =2 OEEMD D Bb o7k ) IlAEONE L Vs Emh s
CDMA SRIC L 25 HMELEZ TS, SHORIET, Zo@EEFEHF v 7ITHARD
EZEMEOELHTH LT v — IRy THEEE I FHHBEOFTFMEITH)I2H ) THSH. W
BAIPIROMER Z VL EZ b0 ZNZEN 40T DR L. B—F v 7ORETHE
L7A58, JMk2 1 v 7 200MHz 12 X % [l HEE 3R T & 72,

ERETHAR : 1 AHDLE, 2 AH R §%ETY —JU ¢ SIl 4t SX9000, Cadence I Dracula e
DRC b+Z>TJZX4%: 10l E, 100K HIEF> : o—24 CMOSO0.35um4.9mm £ F v TiER | Z Dfib

\ERF v JREESEEROSE (1)
ABRAERERTZHRRE  EKEBE RERE, a0H=
BE . RKFv T T, Ty THOT— Y BELZHEMTIT RS A v ¥ —7 = — ANk % R fE

[all xll{lalix]

LCTwa. REJHBIIE 24GHZ & L, ZHE#TALBPSK & L7z, #EREE, 77 ]
AYN=Vay - IFY, BEMERKREE (VCO), NT =T ¥ TEER, ZEREKE, aooon 8
BEMETFRRIES (LNA), VCO, ¥ > 2y nN—Yay « 3349, O—nNAT4LIhd g

Ld

W S5, VCOIIZLE ¥ ¥ 7 BIRIEE VT s, &412, Fv 77—z OB
HOMMT > 7 F 2FERL TS, A A XBEOD, RIENKFZNZNTERE |
BEHVWTWS., CoONMEEE S SHI/MMUET LI EICLD, LS DY Y EEHIRKT S &
PFCE 5. M, ARBRTHEHTET7 v 7a =Y a ¥ - I RO
L7 _
ERETHARS © 2 A LLE, 3 AAR E%EtY —JU . Cadencett Virtuoso, Avanti ¥t Star-HSPICE h5>929ﬁ 100 L L,
1,000 Kiii  FHIET > o—2 CM0OS0.35pum 4.9mm £y F v FTEER : WE (RF M, ATM L)

fmF v THEEmEORE (2) T a1t
KRAZAZRETHHRE Bk B%E LR RE, 80 H= oo :
BIE RSy 7T, Ty THOTF— S BEEIERTITR ) A V5 —7 = — ANz il i
LTwa. REAWMIE 24GHz & L, ZEHFAKAE BPSK & L7z, %ERBE, 7v 7 I
ayN—=T gy IR, BEHEREIROE (VCO), T —T ¥ T EEHR, ZEMEKIE,

M BRI (LNA), VCO, ¥ raynN—say - I%%, O0—N"A 74 LVEh5
W ESNA. VCOWIZLC ¥ v 7 RiRMEEEZ VT3, AF v 7T, HEOAOF FEEE
%4779 720, A F v 7 - 7y FaERL TR, [ A ABREozd, %% E ooinisin
Bz 2R CEMES 2TV, CORBE S SIMNUET2 212k, LS
DY FETST 5 L WfEcE 5. e, R CHEMT2yYyarvnN—yYar . i L
IFH, SNT—T 27, LNA O D L 7. ”ﬁhum. -
SRETEARM - 2 AABLE, 3 Ak EREtY —IL CmeﬁVme,mmmﬁSwH$mE N xaﬁ umuL
1,000 K&iii  HMET > © ©—2 CMOS0.35um 4.9mm £ F v FHER i (RF EE, ATM %4 &)
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S UK PLL RARES 2 AREDORET
REAKZTZRFEFR Wx &
REXEHERARFZEHRE BEEXE .
BEE © PLL MIEICB W B SIS SEBET KO 12 TH 50T, lefEL ,
O E#ELE EHT S ETIFICEEIC > TL AHETH 5. RS A% EmEt T
FTREOKET Y F T4 YT T8 E G LC RIS & o TR 247D T ENH |
MTHBY, F2F v T4 YTy EWETBERAKEZ L) MELA S, 4510, | e
PLL [ T U R0 e B3 T B A B L T 525, 22 TV S M2l =
SRR OBERI BB IR T LT 72, F U F v 74 ¥ 7 7 5B 5k
FEBEWICKRELS RS, 22T, PLL BIERICH W BB REGTRA Y F v 74 v 7
77 O WEHERG R ROESHEALD EEICR->TL S, ARETIX035 [um] &7 - - |
Tt 212BWT, 30 [GHz] TEMET A4 > F v 74 527 % =8B & 10 [GHz] 'CEM’ETZJ %+ /% v Ty
75 RV WEERG RAREER L7z,

ERXETHAR : 05 AHDLE, 1 AH &KW %5V —Jb @ Cadence #l: Virtuoso, Avanti #1: Star-HSPICE, Cadence fl: Dracula LVS,
Cadence #: DraculaDRC +5 > X 4% 10Dl 1, 100 K #HIEZ > @—24 CMOS 0.35um 4.9mm fi  F v 7i&@5 : g
(RF [Hl#%, ATM 72 &)

SERZEDIEAEREROKE

RREIEXREAERETZHER SARE, BF G4

BIE . A5 v 7Cld, BST 2—F—0FEHAHIEL, 1GHz W CTEIMET 5 245 Il
oK E B E LT, BEMESIERE (LNA), E#H PLL, 74 V%, 725 v 7RED
BMEEFTo TV A, LNAZEREIE LA, SV o7 7 72k, ThzHwT
AV E=F ARy F TR Y, 1GHz BIEOE 5 & KM TR 5. EHH PLL ©
R TV I FHIERLASNTYS Gilbert o I F4ThH Y, BIEHIMHZEIRN I
BERBRNVF AN, T L= ZRHRICEHL, F7 a3 nN—7 3 YO 100MHz ©
BraERTAILZHME LTS, 74 V71, Gm-CHRSmEIEARE LTHER L 72,
SMHz F2EE O R B % 3 ) WA 5 B KBLE® 7 « V5 Th D, 7 T v THKE, T
LERSICEENS 15Hz O =M 2 ) B 72D DRI TH 5.
EXETHART © 10 AH DL 5%EFY —JU © Cadence fl: Virtuoso, Avanti #: Star-HSPICE k2>
HIET > - @— 24 CMOSO0.35pum 4.9mm fj  F v FHER L EE (RF I, ATM & &)

'l

aﬁ 1mU¢A1mm$ﬁ

(BiRIEE v MRZRWEEETS SRAM

RRAEAEERMTRAN IR 588, &34 8F

BIZ © SRAM OF ZAAROMHEEILE HIR L 72, RIIHFSAARIZ, BHAE
%bﬁyyzy@ﬁiﬁﬁﬂtbmk%&ﬁﬁﬁﬁét/bﬁ&7wx4x7§ﬁfvn
DTEy MEOTBICKELZBENZHEE L. £2T, €y MEEZRKIRIEICL THEAA
AT B ERE L. BARRNCIE, EROE6DODNT VYA S LA SRAM VD
FIALNDMT Y IRAT DY —ABHT—D NMOS A A v F &ML, FHEAAKEIZIZZO
A4 v FERYPLZI LT, KIRELE Y MUK 2HEZAALZFEIALZ. 1EMIZ12D
NMOS A A v F&2F% &L AT Y MDA KE VDT, 4&)1 T 120D NMOS
AL v FRIEGERTLAATY M L2, ZOFEF v 7L, €y MEOAFORLKEIC
YWTrBENEZWELT, BRELAEFZAAFXZHMT 22 EAHWTHLDT, 7a— -
F—, ¥V AT U TEQOHBERIILVA T MET, BT LA KROTF v — DA, Amﬁnz77®A%v47ﬁbLt
SEXE . Kenneth W. Mai, Toshihiko Mori, Bharadwaj S. Amrutur, Ron Ho, Bennett Wilburn, Mark, A. Horowitz, Isao Fukushi, Tetsuo
|zawa, and Shin Mitarai, “Low-Power SRAM Design Using Half-Swing Pulse-Mode Techniques’, | EEE J. Solid-State Circuits, vol. 33, No. 11,
pp. 1659-1671, Nov., 1998

ERETHART ¢ 0.1 A H KM 5tV —JU : Cadencetl Virtuoso, Avanti I Star-HSPICE, Cadence #l: Dracula DRC, Cadence fl: Diva
o> X5% 0 100,000 Dk HEF> : v—24 CMOS0.35um49mm /4 F v TR AEY
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7FOJEERF TEG \gj)

RIGHEMFERZETEE  HP HA, #HHES, WLHIESR
RIGHMEFEXZAERIEMRR  FL &R, Bbh —8&

BIE 7 a7 BRI TR d A & E AR (Single-end OPamp, Fully
Differential OPamp) ZHuL& L, CATY T AL =%, AL v F b - Fx80 57
4% (SFC), MU SCFIZMMT 250 a0 Ex 172, OPampid, k4 7+t v M&
£, RONEHEOF 7y NREXLDE &L T rEEElA. £72, MOSFET
DF ¥ ANVEL OPamp OF 7 v PEEOEFEERRZ72DI1CW, L HEZE(LS 870
B2 BMEIR L TWb. SCFiE, /% 7 — AR LPF % Single-end OPamp % 3£129° 5% SC
Bt TR L7z, B, 5E%E, 7A MEMERF 2T TBD AF v v 7 A M T
EELTWAS, RMEF Yy 7OMERHE, OPamp DA 7+ v MEEIE, Hspice & ORIZH e —_—

MV OFFEN Mz, UL, ML DEWFHRMEE KT 5 & 20 %#%owmvkﬂMLt &Fu,mm@ﬁmﬁw¢
B OEERAEDK E VAT E ) O H295 5N Hspice 12 & 2 BIEMEROGIMEA MR TE 72,

SXETHART - 2 AHDLE, 3 AHK ERETY —JV @ Synopsystl design_compiler, Avanti f1: Apollo, Cadence f: Virtuoso, Avanti fl:
Star-HSPICE b5 > Z 4% 100 Ll L, 1,000 &iii #HEF> © 0 —2 CMOS0.35um 4.9mm fi  F v 7R : TEG (FM:FEMM
ol 72 &)

PETRHIOU7ZV7

REA¥ITR2XRAER  Deng zhi, &4 EHH

RREAZAIVIZEMRE 42— EiF &2

BEE @ KA PET (Positron Emission Tomography) (2 low-noise, high-speed, 1i%: &
TI ORGSR 7Y 7 v T2 Bs L7z, i Lv PET IZB W T # o i 10 71
BELIFEICKRELS RS20, MILHISHIETS2 70y by FL s ba=7 ADO{H%
W%~ 10mW IZHI 2 7 < TIZAR B 7w, PET TIEESIHISIEIC L > THER L7z 2 Ko p #i
ZEDLRBEDICHMIZE B 52V 2o TWAE 720, MINEEDE L % nu%ﬁ%
HF 5 f:m:.wmm)z%_&a, R, AE—FEHBERIO ML= FF 708K & %]
L 72 57z, Folded-cascode Ml %# i L, AE¥—F - {HBEEIO~ Y F v 7 &M 7‘:.
F72, AMEIF VY IRAZDOHA ZOREIZEY 7 4 2o EIL. ; T spoosma -
SRETHAR © 05 AH DL E, 1 AH K 5%EHHAR : Cadence #L: Virtuoso, Avanti I Star-HSPICE, Avanti #1: Star-sim, Cadence fl:
DraculaDRC kZ 2T X 4% . 100k, 1,000 kiifi #HMEZF> : v—24 CM0OS0.35pum49mm M F v 7Rl . 7w (PLL,
A-D/IDC-DC I ¥ /N—% 72 &)

HAFAZa-=-Sbxy FO—=70iE (3)

EEREXFREERDEFEZMAR FHIE—H, FIE, KHE, EHE

BE  RADPREL TV LREREOIERIE S A F I AN T AT LAD20D 7OV AZEH T
—F¥7r7F v [ 12X), CEOEBBERHEBEARL, " FAFAF I 7 A%5B
FTOIMAEMAGM=a—F NV Ay NI —FREEEFI L7z, 25 =2 —0 r ZHflAlAk, 7
FOMERIZPWM BT %, —2—0 YRNEOLIIZ PPM E 52 HWTW5A., ¥ F 7 A
BT, THu MEEF v oY FICEME LTREL, EREICAA v FELE
Otz BT % 2 & TRAAEZ EIT3T 5. ZOF v 7ix, 99412 0.6um Vv — b Tik7
L7z DD, 035um IV — IV TOWR « FHZFHHTH 5.

SEIH . T. Morie, et a., NOLTA’ 98, pp. 447-450, 1998.

EXETHAR : 05 AH DL, 1 AH KW EREFY —JV ¢ Avanti #t Star-HSPICE, Cadence &
Dracula DRC, Cadenceft: Diva, Cadencetl: Analog Artiss FZ > X &% © 10,000 DL L, wmm%ﬁ
0.35um4.9mm fy Fy 7R =2 -7/ uY




SH-3 B0ty Y IP O{E
LEEWIALXRZEBFHZARH =8 BN, shh X

BBRZEF/ITNAR « AT LR 52— A H #7%5, Mattausch Hans Juergen,
I EL
BEE . SoC (System on Chip) &N B 2 &AM O FE{L, B L ORFE(LDIzdITL

%Kﬂkt&oftﬂzﬁ“w@m‘|P@B‘ﬁ’"’“‘%ﬁo7z. Fx O 7oty ¥ IPIEKD
) BRREERS. (V) B0V 7 by o THERBESHHTES L)1, K<ERLT
W5 SH-3Mm Ay ERMHLZ. (2 Taty FOMBKREETREZRY NS T 572
O, T—=F77FvWHTERE L (V347574 0hH, WA E) R V7 IVR—
I\T“E&“E’rtﬁr‘:“) (3 v7bhvruBIUN— F??D%:T%fﬁﬁ'%?%f“%éfD“@ H

IBCCTHHIZIPOYWEDSWETH S, TAZICLBMWEICODVTIE T To TV, =i o
nzu'l‘ﬁﬂla'i 4 NALE, 5 AH KRG ERETY -V Cadencei‘i Verilog-XL, Synopsys #t: deS|gn compiler, Avanti *i ApoIIo,
Cadence #L Virtuoso, Avanti #1 Star-HSPICE, Cadence ft Dracula LVS, Cadence ft Dracula DRC, Cadencet: Diva kZ >3 X%
# : 100,000 L L EHMES > I m—24 CMOS035um49mm A Fy TR v frasat v

EFMERPE 7 LA

REEAEEREWRB  WAR, %l RE, L0 #7, DNEFF HR

BIE B X MiEHOPET LA ORMEEIT>72. LS| RIC2MD PET L A 23 L 7.
—O XM HOEERPM, 023 7uy 2 FS5 LT, B/ A X0KBRE XS
LRODOERPINTH L, OV vy 7 FAY =X BHMEDRER, WEDPET LA & HIEW
WKHfELCwb e el L7, /2, ZoLsl Ricid, B/ A X IRFav ) %
WET27200MESFWR L. WEOKE, IR Fay TUANOEFIEL b DD, T
ENIRFOYy L LEDLOPBMTE 2. ZOFMIZ, CICC03 TRET L TFETH 5.
SEXE ¢ [1] S, R, RERRE, B E X MV R RIC PE 7 L A D%
#17, pp. 33-38, H-1EHGELE FABANHIZE iy 1CD2000-208 (2001) .

EXETHARD : 1 AH DL, 2 AH £ §XEY —JUL ¢ Cadence ft: Verilog-XL, Synopsys ft: >
design_compiler, Avanti £ Apollo, Cadence fl: Virtuoso, Synopsys fl: PowerMill, Cadence t: DraculaLVS, Cadence fl: Dracula DRC,
Cadencett Diva FZ > Z&%: 100,000 LI E HEZ> : 0—24 CMOS0.35um 4.9mm i F v 78R : 70 715V 7 Vg
AT Ty Y

SREFRICBIT5FFIFETM TEG

REMRFBFREFEH  HO R, EF B, I\FFHR

BIE | KRR, SAEIRICBT S CMos;%wiL@?%%ﬁ‘l‘éE%%ﬂ«*, %M%Tiz\“a A
— P TH720DbDTHE. AL VA V57 5L MOSOFET#i%El L7, RF
H7a—nNety VI—=0T7F A FEHNTS/INT X — &@fﬂﬂm%ﬁ&ot. 20GHz
FCOWEERIT R 57285, BREHFCOVTIE ) A AORBCTHBERNENST 5275 (.
Mot AL TNA Y F 7 5 OREMICOVTE, SMEE~DET) ¥ 7 %77, SR
F72, ST RA—FITHT HIBE T % Ko flak G M M BB 2 AR s L7z, BErEHug
R, MR, BHE L. A SNA Y F 2 5 OFETHEEORBO2012, VCO [
L AETHIMEL. VCO IR, LC ¥ v 7 BITHRIRMERIE 1.8GHz TH - 72, FEIRE M
By Ial—3 a3 123 Cadence t: 9 Aanlog Artist 2 a7z, SE L 2B DOWT A s sttt skl
N7 MVTFIAF 2 AN CTHARMEE SO Lz, £72, 2O VCO ML 7z PLL Mk % 5kt L7z, 85t Lz,
FEHENEET LI TEG & LTER TR - 7.

ERSHHARS © 1 AALLE, 2 AA R 5%ETY —JU © Cadenceft Virtuoso, Avanti ¥ Star-HSPICE, Cadence*k DraculaLVS, Cadence
#1 Dracula DRC, Cadence#l Diva, Cadencetl Analog Artiss FZ 2T Z&Z%: 10 K0 HIEZ> | v—2 CMOS 0.35um 4.9mm
fy Fy TR . TEG (FRMERRMRE 7% &)




N\ \
ﬁﬁEﬁHTTD77w?h74w9®ﬁé::)
EREAFETISE (k4K BiF NEXE
BEMBAAXFEIZHAMR L 4— |H LF
Hi:mmmmFmau BB K CORMAMHARDDODH 5 DS-CDMA FX T, HiHk
HoORMHROIZOICLETH ), TOBBEPLEFERIN TS, J§IZ, #HiTRE)
VR LSS 572002, WHRENET Y THRBRORBRAEE 2 RELE 25TV 5.
F Mk & LT3, Digital Matched Filter 233 % 2%, HKTOHEBEE IR S LT
%5bD®, Matched Filter UAMZI D ZRBREF 2L HER mTILT 52 4O #E - SRE
AD IV N=FFREELLY, HEENRST v THENZ L 25O TwWA., SHIL, &
W BREAD I NN=7R AIDETILE Yy NI} Y v TEGDY T ML I RS 2 LB
&LV RIS & D AGHER R - ANIR LR WEEIC L7z, F /8y & RflEs %
V72 Analog Matched Filter D% 47 7% - 72.
EXETHARS © 05 AHLLE, 1 AARIG EREHY —JU ¢ Cadencetl Virtuoso k5T ZX &% 1,000 L, 10,000 Kiii HIET > -
O —2 CMOSO0.35um 4.9mm £ F v 7i@5] | #fE (RF [, ATM 74 &)

Yvh—RRERA A—-J YYD

Rt KFZEIT2E £EE, UL K8, FF Sz, M KEE

BEE | EEdmA e UC, WHEHRLIEIAEE L 2 5 CCD 7 2 713 5 IR & H
WREHIAR O REENTVEDS, Y TIVEENR MV ARy 7 %), Bk
FE7S 600deg/sec 12 b M SEEHERERGESR) (v A —F) OV TN 5 A4 2RISR TH
o7z, £TT, kyHEF—F v TICHEGRBIOEE 2 BFRRAL L 728 Ly 7 — MR
F v TERFEL. RN TIE, BELEGROFE.GEZ RO S L2 OREHEZ L) §
52 L&Yy - FHMEER L 1T, g2 BmOBBIZHELTEBY, T LA,
AEY, BLEEE»S RS, trHid 2k~ MY v 7 AKIZ 64 x 64 AR ST
BY, ANEET— 5 IIEEERE ATV ITHEMING. AEVIEY 7 ML IR Y THEK
ENTBY, FSHNCHET -7 2T A TE S, EOFEIIEARRRE 1 _— o =
RE—=RAV MEHHFTHEEINTEY, ZRENOFHREZIEFNAT . ﬁ%&Jmiitﬁfofw&w# YIial—v3r7T
13260k 7 L —Afsec W) MEREZ B TB Y, ZhidY v — FOERMRIBA T TRERE L 2o TV 5.

ERETHAR 0 1 AIDLE, 2 AJISRG  §%ETY —JU . Cadencett Verilog-XL, Synopsys ﬁ design_compiler, Avanti f: Apollo, Mentor
1 ICgraph, Avanti ¥ Star-HSPICE, Cadence#L Dracula DRC, Mentor I ICverify ~Z > X &% : 100000 U E #HEZ> i &
— 2 CMOS0.35um4.9mm fi  Fv FHER| . f A=Yk U/ AT — MUY

altEgERYy FD—=0 - JOtYYRA32EY bYro070tvY
RALKZETEE RR, N R=, B EZ, M KXE
BZE . My Ty VEGETTREEHWT, Bl A Y FU—2 - Tuky ARy MY
frur7avy ¥ &g LA Ay bT—=27 - FukyHiE, F—F0LIAVTF—T 3
o R, ARLEE, Yo b a @i io o avERY 7 Py 2 T OFETER
HWIATHIZERZBAME LT v 7 THAH. Ty TRRSCT—FF27F vy 2HHBLT, /8
A754 v HFRE6AT—VE L7, F—=FRALT FLANSRAERE Y b, @il
F17—=FTREY bTHD. @fty b LT, ST 10, s 1s5m, >
7 MEB 4, u—F - A bT7ae 124, slkae 2 AL sy 2 7K
X 100MHZ TH V), ¥ I a2l —¥ a3y TRETOmIMEE K OHMER 2 22OV TH
e L 7-. I it
ERETHARM © 3 AHDLL, 4 ANHRGG EXEFY —JU | Synopsys #l: design_compiler, ModelSim, Avanti ﬁ Apollo, Cadenceﬁ: Virtuoso,
Mentor IC Station, Cadence #: Dracula DRC, Cadence#l: Diva, Mentor IC Verify FZ > X &% : 100000 L L HEZ> - o—
2 CMOS0.35pum 4.9mm ff  F v TR . ~f a7ty




JOvIEsSAII7o7Ee5L—-5 08
KRKRFEARFRTENER  FL FE5, ZALDY ANDALES, &R H, = HXE,
BJIl Th

RERFEXRERERENEN BL i
BIE . 70y 75 0RENEHHMEE N L3¢ 5720, 5L O REEL 2 FIH L
LEFESELRWGE-FPLSFAH SN TS, LAL, TRNHORFE—-FTIE7ay
7 W B S EPLO R PR 0 5720, ZOWUHEEIIEHT L7y 7857 VT

WCRELMAFT D, £ TERAIE, WglEEzHLZ) 2R AV—Ty PEREL
HMEEEEZEDTEL, 70y 7T EELNSE—- FEZER L. ASE-F
&, A M) =25 OMERRD, 16E0O7 0y 2SI E > T4 70y 7 DFXL
W L Ol 2479 Z LIS X DB E o L2 BT 5. KRETIE, BRI e e
FE—FEZHWTey ZREEMTT 72T L=y xiEt Lz, A7 785V -8 EHw5EZ r‘: , Wi UBRE A2 AR5 FC
MEEELIENTE, RATLIGhpsDAN—T v F&HL I ENTES.
SEXB . Z. Andales, Y. Mitsuyama, T. Onoye, and |. Shirakawa: “System performance evaluation of high-speed mode for 128-bit block
ciphers,” Proc. 10th Workshop on Synthesis and System Integration of Mixed Technologies (SASIMI 2001), pp. 332-339, Oct. 2001. %5t H#H
B2 AHDE, 3 AHKG E%EHY —JV @ Synopsystl design compiler, Avanti ¥ Apollo, Cadence f: Dracula DRC, Cadence ft:
Diva bZ>2ZX%%: 10,000 Ll L, 100,000 Kiii HMEZ> : m—2 CMOS0.35um 4.9mm fi F v 78R : 7 Fur/FY 5L
B P 7 ot v

(KHEEHS(E VLS| 0ty YO OBERKBEROREF v T
RIEAZFXFREHEFZMER 5, B Es, 2R 4, U0 &%, F£ &5,
Bl FEE
BE BB ISR L AT A2 IERREEREO T4 V7 VERNBORE L HfEL, YT
DAMDIERT O Y 7o hbT v TEEEZIT72. (D YV — AMERLMHEER T D
AME D ZEERE T OB EROATEBTE L7203 87 MECERS &
2, BUMESTIRIECREA AL v F ¥ ZTEENTRELR, 7Y — ARHERLHER DD
KAMEZER L. (2 FA4F 3y 7wl MHEED v — AM G4 e
[HEEDFAME - HRE— PRI CTHEE 22 EHBRE T Y FT5720,54F 3 v 7wt
RWEHLMEBRE NS Y — AR EGRREREERL, TORKEEELMHER L. (3)
ﬁTBH’J%{J?EEE%MfHL%O<1EE(¢J§’EE,7JT4 TENVERBBEORIE D ATIE Y Fovy — : T -
VRAF L TSR TR 2SIE 5D T EIZER LT, BHEELEZBCH»2Y T8 A A'C%'Jﬁﬂ‘f%ﬁsaﬁ%ial_l%%%ﬁb
%@%Zlﬁbﬁi%ﬁﬁmbt. (4) BIEFIEN 7 + 0 Y — WG O 720 DS HEGERNIE 0Ty 7L VAR T—=F T 7 F v
O BIEHIEN 7 + 1 Y — S HER MR OBE 2 R L 72,
SEXB . T. ke, T. Hanyu and M. Kameyama, Fully Source-Coupled Logic Based Multiple-Valued VLSI, Proc. 32nd Int. Symposium on
Multiple-Valued Logic, Boston, May 15-18, 2002. £%&tH#AR : 3 A LA L, 4 AJKiG  EEFY —JU © Cadence #f: Virtuoso, Avanti #t:
Star-HSPICE, Cadence #L Dracula LPE, Cadence fl: Dracula DRC, Cadence*l: Analog Artist k>3 X &% : 1,000 L\ L, 10,000
X BHEZ>  m—24CMOS03B5uM49mmfy Fy TR —a—F72r /0y

BIEN7IVIUXLERARISC JOtvY DLX-GA

REREAZRIZHRN BEMRE—, IR IEk, BEE—K

LGEBEREF/TNAR - PXTFLHARE 22—  MHEL

= PN FHAT foE

BIZE iz 7 v T XA (GA) ORI BFATICHE L -ast v P& D RISC 71
+ v ¥ DLX-GA %Fa'ﬂ”""l,f:. K7Dy HFIEDLX T—F T 7 Fx2RX—RLLTED,
AR E S OME OMAITMZ T, GA DFEFITBVWTELHENL Yy MG H
LTSRS R Y, GA OFEEETICHAN P EMA TS, RETT Ly DLX-
GA %, O—2a (Fk) W 4983mm A CMOS A Y v ¥ — R NF v FICEE L 547
gykLTu—24 (k) 7}“4&%1& LTWABNRAK—bI54 75 %ML, Verilog-HDL %
MWVT RTL 5t 21T - 72, BERHE, LA 7Y b= ol LB EREHRE & v !
M)A NNy 2T ) F—F L YIalb—varEitoiR, suy ZEER 7T0MHz T@?M’E?ﬁ‘ﬁ%%ﬁéﬂf:. X5ICF VS
WAL, AR — FE2HWTEF Yy TOBERIEZ 1TV, HARGE D ORENFEB SN TV L 2 L 2R L.

SEXE DG, B, N, FEA, B, CBENT VT XLAOEERFEITICHEL a4ty P 2EORISC Fut v ¥ DLX-
GA”, THHILHAEAGIET — % 7 7 F Y R & 7E Y, ARC141-12 (2001).

EXETHARS ¢ 10 AHDILE  E%EHY —JV ¢ Synopsysfl design compiler, Avanti %L Apollo, Cadence*k DraculaLVS FZ > Z5%:
100,000 U E EHEZ > ©—24 CMOS0.35um49mm i Fu TR v A ruTuk v
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8 #—k, B4Kbit BEFE!'SRA!II \ Ny
BEBAEEBREF/FNAZR - o A5 LRt 24—
A7 {87, Mattausch Hans Juergen, /I i+
REWIKRFERBEES AP EX
BIE | kX OWIE SV — 7Tk, SHHEELIKT 7 e AHGE2FEBT 2 LT —F 7
7 F v ORSEREER T VFR— M XAEY ZREL TS [1]. KR VF K= M AEVYII,
AEY Ty 7 L) K- MEMBERERA S5 XAE) 70y 7 25 & THEOHE
219, Fl, ARV TUy 7 BEERTILICINER- DT 7 A2 5HEEE S
ETRT 7 e ABA BT H. 8K — 1, 64kbit (512bit x 128 *EVY T u v 7) RE
iR < L F K — b A E 1) 2 ROHM #k: 0.35umCMOS Hifli 2 V> 4.3mm 4 F v 712 iks il
Bfiof. HEEBEH 0 NS YRS THY, IVAAS 2k a2l B e
L7 Shoik Tfium&&®ﬁn7w TTHRELIZDDDR— b&aX%U7n/7&%#%%ﬁot X%UTU77
3128 L REWVD, T7ZRRAFEAIILY, T/ AEREEINLERENSSTED. TV FAT 7 ARBE LA
YT AERMERIRDRKELR—PTL 6 %LU TTH 5.
SZX#E © [1] H. J. Mattausch, “Hierarchial Architecuture for Area-Efficient N-Port Memories with Latency-Free Multi-Gbits/s Access
Bandwidth’, IEE Electron. Lett., 35, pp. 1441-1443, 1999. E%&HEAR : 4 A DL R, 5 AR §%EFY —JU © Cadence #: Virtuoso,
Avanti I Star-HSPICE, Synopsys #l: PowerMill, Cadence #l: DraculaLVS, Cadence I DraculaDRC, Cadencetl: Diva FZ >3 X%
#: 100,000 Ll EHfEF> : v—2 CMOSO0.35pum4.9mm fj  F v TR AT




TR 13FE £1E O—5h0.35umFv Tk
(RO35011)

OEIC 70 bI Y REEDT=HD TEG (1)

SIRAFTHE Il #X, WA B%, & &5F

BIE: CMOST7 7 /u Y%l LT 200Mbps L E® OEIC %70~ b ¥ FEHEBT
L20IIE, ZREFOFERBELZREEDO L — P 7 RELEE 2 5. FAER
HERST72010, WHEIE WELL #:4 w:mmysx LEHERTFNAAY I 2L —Ya vy
LEFY VT, SOICENBROEZLT) 72012, BAME & AMBABIC X 5 1EE %
WEBBR DA OGRS LEL 7 5. ’\Ll@niwm;t TAMNTAF—F, FUFATH b
FAF—=F, 74 b bF VIV RY, 73 Mr— MNEOKFMEZET) V75 L DICLERE
WMEPET 57200 TEG 23 MEL 7. F v 7I2i&, nch MOSFET ® vV — AfHigZ Lk L
TeREEOM, = MRY, X5, iRk, REROZEEE D 2720 0MENE
nTtws

SEW ¢ IEICE 2002 4E#8 4 K4 C-11-9, 3 H 30 H (2002)  E%ETHAR : 0.1 A H &
Cadence I Dracula DRC, Cadencetl Diva M2 22 X &% 10Ki #HMEF> : ©—2 CMOS 0.35um 4.9mmﬁa 5‘ v 7iER
TEG (RFPEETmE % 22 &)

OEIC 70 bI Y REREDT-HD TEG (2)

SIRAFTHY RN EX, LHE BE, FEF

BIE: CMOS7 7/ u Y&l LT 200Mbps L E® CEIC %71~ b v FEEHT
57201213, ZHETOFERFBLZHEEDO N L — N IR EELPEE 7 b, FER
AW T2OIC, HEIEWELL G2 MM 225, MG TNNAAYIalb—var
EETY) VT, EHIHMMBROFTMEZAT O 72012, HAE L AP AR X 5 1EHE%
WNEHBRGA DIERSVEEL 2D, SRIOBIETIX, 7+ NFAF—F, ¥FTA7+ b
TAF—=F, 74 bNbF VIR, 75 87— NEORMZETY V5T 5D ERNE
WMEPEET L7200 TEG 2 MEL . F v 7ICi&, p-ch MOSFET ® vV — A I Z AL
TeREREOM, = FRY, AF ), e, REFROEMEL KD 570 OBENE £
nTtwns — S
SEXHE | IEICE 2002 SEfA K4 C-11-9, 3 30 H (2002)  ERETHAR : 0.1 A A nxn’r/—)b Cadence ﬁ V|rtuoso,
Cadence f: Dracula DRC, Cadence*lk Diva b5 X 4% 10k HEF> : ©—24 CMOS0.35um 4.9mm i F v TF&ER :
TEG (RePEEHmmE s 2 &)

OEIC 70 bI Y FEREDEE(LICH T HRAEIBEDIRET

£RAETHE  LHBE

BIE: OEIC 70y b ¥ FHEEKIZBWT 200Mbpsujt0>mi£1t%jaﬂié)¢étabc E
AR D HETH 525, TSI BIT 220K, BLOFEARLMEE 25, §

HOTODHEBIZEDIZ L — P 7OEBRYED B 720, Eﬁ&ﬁ%%%% VRN SR

ZZTARRMETIE, ZRIHHICBIT B ZHEE, BLOFER ouxf@f"ﬁ”%uﬁzﬁ_.

9, fE ¢CM0577/D/@ pn #:A TREBT HE 72 327'5@4*%3_ WZxH LT, IR EE, %

WIRE B L OFERARERTT5720127 4 N AF—F, 74 b5V R%, 74 b
r—raikEtL 7. AC,;ﬂ%@ﬁ%LGﬂLT NI L FEREROLE 29 572

DIZZHMOKE SEEZHRE 21T o 72, 61T, FAEBFROHIRE ROV, ZRIRE
2D lﬂt?ﬁ(ﬁﬂéﬂélfﬁ/ﬂij‘mﬁ]@lﬂ[]‘%% A N YA WA 15 2 LS ] - -
G U WIS, ZRBEOWFIIOLH S E BN L BHRORIE %M L Cikita -7, DL, 400)@&5%7 %mﬂiﬂﬁi
HANO7 7u—=F%2ilA, TORELVZHHEE L CRELREEEZRATLTETDH 5.

EXSTHARS © 05 AHLLE, 1 AHKi E%5tY —JU ¢ Cadence#l: Virtuoso, Cadence tl: Dracula DRC, Cadencetl Diva FZ 2T X
2% 10LLE, 100K HEF > v— 24 CMOS0.35um4.9mm f F v TEER . TEG (BFM:EEMiEEE 7 &)
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—Ya—bN, TUF—Ya— M ERIEMBICABD DEFHI 74— Ny 795121, Al
WDINT X — 5 B LREHRE 22 LEH 5. BB EaldEHKEE LT, 4%
AT 05V ADHEBENREREI I L EELLNTWS, KMETIE, EBEORBIZBEITS
AT 5V ADFEBEZNEL, EBOLS LT Y525 v AZEBTLLEDND L H
EODEWET S, dmm B L0 2mm RO Z BRE) L OBE% T v FHL Y AT »
FIZE YT 7 LRSS, EnoREE BB s. WELVERBOL 575~
A, FX8TE VA, W, FEHOK T A S EHNTE S, coeoo -
EXETEARS © 05 AHLLE, 1 AH R §%EtY —JU : Cadence #t Virtuoso, Avanti # Star-HSPICE, Cadenceﬁ Dracula DRC,
Cadencetl: Diva bZ > Z&%: 1,000 L 1., 10,000 %Ki HIEZ> | ©—2 CMOS 0.35um 4.9mm f  F v &R . TEG (4§
P A el 5 7 &)

KiRIEE Y MRELANILIVIN—-5
RRAFEERMTRAN RS S8
BEE gl O UGRIEE v b2 w72 GE & #E)) SRAM OR/ETIE, HzicHmL 72
NMOSAA v FDLATY M TRl EE L G0 /2OMEPREL Lo TLE o7
2T, SHORETE, BIHEFEUMETLA 7Y b2 ZE L CHFENMEZIZ 7.
SRAM DEIRIGE v Mg X AATREL Y AY 774 VICHIEH L, 2 Read Port, 1
Write Port DL Y 2% 7 7 A VS EMEL7z. ) — FAR— ML CRedk il LIFIZELRE / —
IHBEH5Z5b0L5 2000 2o vERE L. LR oOMERIETE XA
AFRIZL o TSRAM O v MRIZBIT 2B OHIBIITTRETH 575, 4 EILE 2L 0%
DBEINELRIC %2> TL B, £ T, HLI%%ﬁw BHECHESE XY LVEHIZE
WEETHES S22 L 2E2 5. 20720, RIRIEEL 2 S 3RIEE T 1 &I 280wy -
B2DDLNL T U N=FIZDONTHER Lt m%®%®kﬁtc%%Lté@tAb&f4@@@:/n—&%ﬁﬁtt
SEXEL . Kenneth W. Mai, Toshihiko Mori, Bharadwaj S. Amrutur, Ron Ho, Bennett Wilburn, Mark, A. Horowitz, Isao Fukushi, Tetsuo
|zawa, and Shin Mitarai, “Low-Power SRAM Design Using Half-Swing Pulse-Mode Techniques’, |IEEE J. Solid-State Circuits, Vol. 33, no. 11,
pp. 1659-1671, Nov., 1998
ERETHARS ¢ 0.0 A H K E%EHY —JV © Cadence#l Virtuoso, Avanti #1 Star-HSPICE, Cadence #f: Dracula DRC, Cadence fl: Diva
ST RA%E D 100000 Ll EES S 0 o— A CMOS0.35um4.9mm i F v THER 0 X €Y

EEERMERA—/I\—ORI b

REXZFEERMTHERA  fH %—, Danardono Dwi Antono

BE BTV AT 208MALICHEY, 7oy EXAEY LS HDHWVIEY TV AT L LS
% & LS MmO RMBERERACSER, [A—3—a% 7  (Fv TOEERER) | 232
PehoTwb., RRMETIE, BERKAEROAL S TWHE LKA 2 WAEB T iET
R R A —/8— a2 7 s 2 EBTA720IB8EHF /8 7 Y AZEBWL, AEkE
EHWTTF v TR MR T R ET T 5. BARNGERLEE L, %#E
Fy NI VADOWDT ANMBEICZEX YNV Y VAPELRLLIICTF vy TE2ERQADD
&, 8T V¥ AEEORZEETVERRREOFEZITH . BHOMI LA SE % W
L TR T, 7Ta—E 72479 LR,

ERETHART ¢ 05 AHLLE, 1 AHA KN E%EHY —JV © Cadence#l: Virtuoso, Avanti I Star- == L
HSPICE, Cadence fl: DraculaDRC, Cadencet: Diva FZ> 2 ZX&#%8: 1,000 Ll E, 10,000 Kiii #H{EZ > : v— 24 CMOS0.35um
49mmf  F v TR @EFE (RFHEE, ATM % &)




BIE7 LIV X L% RV R ES R HNIERF v 7
RIAKXFZFREFRERIEZMRER W 5T—, FIE ESR, )X BIE

BIZE © WAL 3 EF IS BT, WHEHISAAAE S B AR OB IR & filh 3 5 B s 32
THA. 2MHEGEHF D S RABIROWAEORBFER LML 20 E LT, SEHTVT
1) X2 (Genetic Algorithm: GA) % v 7 AN ke PRI RIIR PR 2 s hCn k. A
v 7ix, COMMFEEREICETT L7200 GA Fut v (Genetic Algorithm
Processor: GAP) [1] Th 5. GA OFHFE LY Y b U 7 VT, sHHEO%EL I
SETCw5, T/, 18y M TROKOESZHRETE S, SHIT, FEBICHER L
WEERHE N LT 5 2 LT, BB PN GA 77V r—v 3 VIZEHT A
LHTES.

SE3 - [1] ARSE—, BEBIEDE, JIOCEAE, “ASE R fiah o 720 o @ {zm 7 v | : |
TY) ALDN—F7 = 7i%E", B6-1, pp.505-510, #1607 1 ¥ ¥ VAEGMLEE Y VR T AR i% November, 2001
ERETHAR - 3 AHLLL, 4 AAKR#EE &5V —JV . Cadence # Verilog-XL, SynopsystlL design_compiler, Avanti £t Apollo,
Cadence #t: Virtuoso, Cadencetl DraculaDRC k35> Z 4% : 100,000 Ll I fE5 > : @ —2 CMOS 0.35pum 49mm £ F v
TER . THu sV VSR T Tk

E(LREIT ¢« IV T 1 L5 DAFIKIRD b DIERESFMAF v 7
RIAEXRFZFAFREIZMRER  HE &z, FEESR, )X BIE
BIE LW T 4 Y V7 4 vy (EDF) &, #ELGRMWEHREFRICES CER T VT
AMILDBIET A VI NT 4 VY ThbD. EDFIFARBEILZEIET 4 V5 VT 4V
&0 BPRHEER EHRAED M THWERZ R > TWwa. L L, EDFIZZDORERIC
BB O7 4 V5 (T 520E8ENL V. 2070, N—FY 712X 5iE51EIC
Lo THERT7 4+ V& ZAHEESE S & TR-EBMOERPUFEINS. KFv 7
TANE) YT RIFIET 2 -k, Mﬁ%ﬁ%ﬁv%/l—wmz%/l—wc;o
THEREND., Bt L727 4NV ) VT ETV 2=V TRZONFOFHBEEY 2 — IV EH
BRSEFICEMES A2 L WHETH S, LaL, Ty 7OHBORKHE, £E€ET 2—
WV OFEARVERE Z 3T T 5 72012, WEHEREY 2 — Vv oirgEL 1 & LTHEL L. .
SEXH (1] JE, B, MX LRI T A Y F N T AN DN— N 2 TEBL éﬁmqu/ﬁw@ﬁ%ﬂ//fzﬁ
LR OCSE, no. A6-5, pp. 499-504, November 2001. E%StHARS : 3 AHLLLE, 4 AH ﬂ%(ﬁfﬁ Cadence ft: Verilog-XL, Synopsys ft:
design_compiler, Avanti 1 Apollo, Cadence#l Virtuoso, Cadence#tl DraculaDRC kZ> 2 X 4% : 10,000 L\t, 100,000 il
HES > m—2 CMOS0.35um4.9mm fi  F v TR L TS u ST VEGUE T O v b

(KEETH A/D OV I\N—% L SRREEHNHRIRSS - BiEBS EARORE
RREAZFIZIMRER SR, AHX—, UEX 8T

RREAZHEBARFZMER EF at, BB X

BIE . <A 70 X7 4 bt U ARISEIEERT 5 B2 6, FiEo/nYL - et
BARURTHD., ZDI2OIKY /im%tﬁﬂ%@féwﬂ 5&1&(1%%”%‘-573%%@%% H
FRLTWwA., KRR CRIEHBEN2EBT L2012, TVT VTR 7) 74 VY 20T
LLBWFa v RAFEIGTA AR T YT RZIGHA LT ATIAID 3 03— % O 21T -
7e. 72, CMOS F T ¥ ¥ — N DBE GO T b AR 2 Mk & 7 5 DAY PLL
MR CTH 5. AREEHTIE PLL O¥EHE NI T b FHH 2 B)/E 2 2K & 5 L 5 3Rk
LW oEHE L E HIEL, 035 [um] V=L Fatk 2B WT 10 [GHz] T
BVET 5 BIE IR AR R O#Et 21T o 72, F72, IhHomBKIzBWTIE SATSR
WICEELRRHEZHS TWIONF VF v TA VT I 5 THb. mﬁ%%ﬁ/%/74/&79%%ﬁ¢5 uv—wFﬁ$ﬂk
Thb. COY—NVFOWEEZ TRL, ZOMKEMERT 2720y F v TA 575D TEG K L7-.

EXETHARS : 3 AHLLE, 4 AH R E%5tY —JU © Cadence#f Virtuoso, Avanti ¥ Star-HSPICE, Cadence %t DraculaLVS, Cadence
# DraculaDRC, Cadence*: Diva M5 > Z &% : 100 Dl L, 1,000 Kiii =HMEZ> : @—2 CMOS0.35um49mm A Fv 71
Bl :7+v2 (PLL, A-D/IDC-DC I ¥ /N—% 72 &)




N N\

97hb§19ﬁﬁEWEbFLUTEﬁ;;;;EEWFQUTW

HRARAKBEERD X7 LAY EHEE 24— —& R
REIEXFERY ATLER  EH BE, BE2I R, FH KEB, 7 =i,
Susila | Putu

BIE By M) TOVEEE, AW - S dEE) - sRREoRE RS, RIC FPGA
ANy EVZICEH LTS, TAFE Y b2 ) 7OVREICEL L 728 H O FPGA 7 —
FFIFXRERLZFOVLS it 21iTo7. avy 70y ZWEO LUT by 27 v
TT—=7)) L, €y b TURAETRECLEELRLY T NV IR EFEBRTS
CENHRELMEEIC R o THBY, TOHLWLUTICE Y, koS NNuEE Yy F3)
TOVIRIEEATE N CHEIRTE D L) 1o 72, FEVNUSE Y b2 ) TVl o
LY, BEUMRT 7V r—varRar¥a—3 2757497 ANOILHD = = ———
WFECc&5. RFvy 7, 16 x 16O Yy 7 70y 7 BB TIRICEESNRTEY, b7//x9&u9mmmﬁ Targ
~ 77— M, 18,000 ~ 30,000 75— N TH 5.

EXETHART © 10 AH DL EXETY —JL ¢ Avanti 41 Apollo, Cadence fl: Virtuoso, Avanti fI: Star-HSPICE, Cadence #1: Dracula DRC,
Cadenceflt Diva k> X 4% 100000 Uik #HEZ> : v—24 CMOS0.35um49mm s Fy 78R . —2—F5F27 /0y

2 EiEER R ETzP«ﬁh»;?ﬂ?ntwﬁ
REAKRFEXRERIFMAMEFIFZFERXRAR $£A &7

BE . X7 MrET e (VQ) i, %ﬁ&ﬁ@fy#b—b&&bw#%AbN7bwt
WHIEVNY =V E2 DT TR TH 225, PIZIZRS TN = VIR, HolFW
N — VIS PIIRERITILEII RS, ZOETONRY - ORBRIAETHDL L%
AOND. RELNY -V OMBZEEWT DT, VQOEHEILAERATE S, Xo b
VOBMEZFNL, REZTILEOH LTV TL—bRZ P VEZRS T % 1B
FEHOMELE L, SHICHMEEZIT) T v 7 L— bXT MUVORHERE Z LA O 5 HIZ
192 8T, HEOATy THERYEEL T EDOTE D N RATHAUEZ 2 BB H
DORHL L U7z 2 BB OBFAMETIEZ i 2 72 VQ 7k vy 2 %EH L7z, X7 MV oOREH
wELT, RS ISHCENTENY FVEFEORMTIE, 70 v 7 OV iEERD
Bk 3T L% ) PIEBRE TR TR OB R H Oz, Aﬁbwﬁf%%AMGﬁ%é%7ﬂ/7®ﬁ§£%ﬁ
F O EEL KERETVITY ZLE2REL, BEHEG 2772, SOF » TIZHEEOEWHOIT bR WA IZNR, #5%0HE
I CVQUEAKRDLOLELZ LATE .

ERETHAR © 3 AHDLL, 4 ANH £ E%EHY —JV | Cadence t1: Verilog-XL, Synopsys fl: design_compiler, Avanti L Apollo,
Cadence ft: Virtuoso, Cadencet: DraculaDRC +Z >3 X &% : 100,000 LI L H{EF> : ©—2 CMOS 0.35um 49mm £ F v
TER . THu sV VG T Ok s

[SIET |-|

| i
4l D

MOSFET D4FEESDEEAETHHD TEG

RIGHATEREISE HE&HA

RIGHEEREXREXZREFEEFER Al &6, REIE

BIE . 7307 Z BT, BERERERBEIREETHL. AFv 7, 7o
Z RN LRI T — 5, IS X ICHT AT -y 2 IET A2 L2 BN
L LTkt L7- TEG (Test Element Group) THh 5. ERL2E TR OHEKIILLTOLE B
DTHb. (i) F— MEFELW E LEWHEOMMKR, #ETERSLLTY MIERT
MOSFET H:DI1X 52 & #5728, NMOS b5 ¥ VA% ZHul & L 7 LA B0 [ %
(i) Poly, WP Poly, N+ iEPLE &R, (i) OPT7T ¥ 7RI/ L—%IlHwh, 70
b AR ICEEZ ZITI2 N, T AN, S, LA T FOENIZE ST F
O Z OB D GO TWAE. OP 7 ¥ 7OEBIMIES R H L ¥ b 35— ZH) ——
FTIEBWT, 74 VA —MERPIEY LY bOA FIZXBHBIZOWTHRMIZIT) LHICLTwD

E%ETHAR © 05 AHBLE, 1 AH KRG EkEHY —JV © Cadence#l: Virtuoso, Avanti #l: Star-HSPICE k5> X &% : 100 DL E,
1,000 K ERIEZ > : ©—24 CMOSO0.35um4.9mm M F v TRER | TEG (RePhaFm nl s 74 &)




DCT BEERES LUV Y IF Y L—FICELBIESDEAE TEG
REMRFFEREFER MR, B FE—, EAHE®—, MEFFHR

BIE . CEiElh» 50 ARIERE LT, DCT A% #aHMEL /2. SystemC Tit
W L7 DCT %, ¥ v — 7 THIE S N7z Bach B A K Y A 7 4 & TEMAK
L7z, BT @ SystemC & W72 EH O TSR TE /2. Vv L—%
TEGTIE, 1F v 7HICRD) ¥ 7Y L=k L7z, TNO5ORIRE»S, F
y THDIESOEXEWED L. Vo rFyL—713, 17, 23, 31, 53, 730 5HFH Y,
F o THIES DX LEBOMBREZRNS., £33+ — s 7a— N2k HEIMEZTR.
SEW (1] &l Ik, bk, NEPSE, “SystemC & Bach & 7z LS| BGHFIE,
pp. 133-138, no. ICD2001-156, VLD2001-111, FTS2001-58, & F-1&HGEAE A FMIIZEH
4 (2001).  EXETHARE - 05 AHLLE, 1 A K EEEHY —JV ¢ Cadence #I: Verilog-XL,
Synopsys #1: Scirocco, Synopsys fl: design_compiler, Avanti £ ApoIIo, Cadence fl: Virtuoso, Avanti #1: Star-HSPICE, Wnopsys *i
PowerMill, Cadence #1 Dracula LVS, Cadencef: DraculaDRC k35> 2 X &% 100,000 Ll L E{EZ> : v—2 CMOS 0.35um
49mmfy FyTRH I TR SIFY S VEFRE T O

ARIVI=REIVSATSY, ANLSI1Y50%5, BAKNVCO, FSVIR

FISEIE SO EHE TEG
EBMAEERFHER B EE, EF—F HOH, EF ¥R EAH R,
NEFF BR

BIE: () R AMICHE LAY V¥ —=FEVI4 75 OmPEE, #EAREn
OFEEFFVERH A 0 TEG 2 &G L7z, BN, SdEMBHO 2 EHO T4 77 ) 25
L7, K94 77V 30MBEOLNVEFRD., KT A 7T 1d VDEC %l UCTARMT
LPFVETHD. 2) AL ITNA 577 5 OO TEG ##%al L7z, Ay b7 —
2T FIAF T SNRI A= 2 NET L. AL TNVA V¥ 7 5 OEMmd%E
72 Gl AT PR ICA T 2 o7 — 2 L LTMlEREREEZ WS, (3) A5
GINA V05 &I RIRE N 2.4GHZ O Rl % F Rl L7z, AT S o 55k & SR ; - — =
%, (4 oY AFEEEIES D &l TEG T, SPICE €TV /8T X — 9®mmk%®u%o§®%rwméama¢5
TEG |21 nMOS, pMOS ENZENIZDOWTIHEDR LD 10D T Y VAT REETNS.

SEZE 0 (1] BR, BA, NS, BB ER VLA T MERY AT AL DA VS =FELTA T ORI, no
VLD2001-147/ICD2001-222, %53k (2002).

ERETHAR : 2 AH DL, 3 AHKN §%EFY —JV @ Avanti 4L Apollo, Cadence f: Virtuoso, Avanti #L Star-HSPICE, Synopsys #t:
PowerMill, Cadence ¥k DraculaLVS, Cadence#l: DraculaLPE, Cadence#l: DraculaDRC, Cadenceft Diva kS>3 Z%%1: 10,000
PLE, 100,000 Al HET > ¢ v—24 CMOS0.35um4.9mm /5 F v TR 0 TEG (W EFMlia % 2 &)

ATLAS X8 TGC &itigz it ik UIER O

REEILAFEZHRF HP E—

RRAEZFNTYEEERMR L 2— FF gz

SRV —IEBAREERE  HEF 3L, £4KE

BLE S HEkEI L7 ASIC 1, FHTEEBATLASTHWONZMERO M) H—ua Yy
7 D—EEHIEHTHY, A FSIVA, LVDSL Y=, T4 L4, FEEE»S %
S5 TWh., TOF v THEHWIR—-FIZXDRILBLSDEFD Y 4 I v 7Ffl, BL
VAT AUy IAORMEI ). T4 LATIIE PLL SV SR TE Y, CLK/32 DHL
MTHAM LY A IV TORERRETH L. ZoF v 7k, Blias» s o5 % 16ch
SRR ICLBE 247 ) HAMFE L 2o T A, FERMTIE, —HPEIC L 2% 21TV a
TR A KB LT3, i oA Tl 0.6um T/\fx%ﬂ%wt it &5 7298, — —— 4
RIEEM T v 7% HIE LS HH 7212 0.35um 754 22X 2% 247>/, 7A &y F7 v 713 0.6um & I’Jﬁzfa’é n, IEE
ASICFRLETH 5.

EXSTHAR © 05 AHLLE, 1 AH KW E%EHY —JV @ Cadence #t Verilog-XL, Avanti # Apollo, Cadence ft Virtuoso, Avanti ft:
Star-HSPICE, Cadence #: Dracula LVS, Cadence#l DraculaDRC k3> X 4% : 1,000 Ll E, 10,000 Kiiii #HEZ> i o—24
CMOS0.35um49mm i F v 78R : 7 Hus/F YV IVEFUI T O v W




N N\

ATLAS R8H VME INXATDU v Y (HS@I) (== 1R V- Yo m I e ] e o7 B
REEE (PPE)

REAZFNTFYEERHEE 24— FEF 182, & #R, EF FE

SR —INEBAREEREGN  HEF E3A, £4KE

BLE S L7z ASIC I, FRTEBRATLAS THWOHRAHIERD T Y b a—)biZ
M2 A7 20— HMOEREEZIEIRKTHLD. ZDOY AT AIF ATLASERIZB W T
BB VMENZTOF =5 ORI Z W[ FEICT 253 OT, WEROBEL, K OHE
FRERT R Y AT LTHS. 2O CHIPIE, VME iz 70 a2 vofhiis %479
bDOTHAH. ZouTy 7%, WHHEE, BEHALED T I TNTINL ZITE) %
B THY, EBICEMELIT->72. LA L, ATLAS FEZERTIIBETIREAER S h T
BY, REBMHZHEICAN, ASICILZAT-72. 7 A P T, @HEOBMEMZEIZD B
BADI L, HEHRBE T TOEMEICOWTY F X 2T LEND 5.

ERETHAR © 05 AH DI E, 1 AH K §&EHY —JU @ Cadence f: Verilog-XL, Avanti ft: Apollo, Cadence f Virtuoso, Avanti f: Star-
HSPICE, Cadencefl DraculaLVS, Cadence#t DraculaDRC k22T X &% : 1,000 L L, 10,000 i HIEZ> | ©—2 CMOS
0.35um 4.9mm £ F v FFER | Z oA

CMOS/INR « S VIR BERIBEIE

HEAZAZREEARENRE SHES B[ —#, EH Rt

HEAZTHY A% &5h, TR ES, BER

BIE | CMOSI/SZ » M7 ¥ VA ¥ RALGBOIIE DM 24T 9 720 DG HEF L LT, &K
AETF Y TREEI L7, ATy T, 16HlOXYFe—ZNBETHESNTEY), &N
%, CMOSwHLIIE, /$Z « v T v YV AP, CMOSI/SA « b5 ¥ VAT imH
W% 3MEOME TEHL TS, IN5D 3HEOMEZY Y B2 b2 LT, &
o2 NET S22 2AMNET LS. AF v 7TIINS SHEOMM ZRESE L7
W, BfFD CMOS L« 54 75 OATIIHEATETH S, 22T, HHOEL -
FIATITVERELZ. CMOSEL - 5475 LDOREZEELT, A+
AL BB RN T 5L, CMOSTHEM V&S - +F Y VR Y HEM LV D : e
BRI U B RGNV — VER Z NS 280N, —DDENVIZCMOSTRELESZ « b5 Y YA F oW % &tV
GEEHBELTWS., AFv 7T, oLV IA4 7V EMHTHI LT, CMOSIRA - bT ¥ T A Y A GBI % T3
L7.

EXETHARS © 10 AHBLE E%EHY —JU © Cadence fl: Verilog-XL, Synopsys#l: design _compiler, Avanti #l: Apollo, Cadence fl: Virtuoso,
Avanti L Star-HSPICE, Cadence #t: DraculaLV'S, Cadence #: DraculaLPE, Cadencetl: DraculaDRC k35> X &% . 10,000 L) I,
100,000 A EHIEZ > © @ —24 CMOS0.35um 4.9mm /1 F v THER © TEG (R aTm Al % 7 &)

S/HEIEZERWVWE CMOS 773053 vyF I« IbY, 70-FT1 V05— Md
EFHRESERAVES YTUIT Y M A=ItIY

BRMAXFETZE A K, Pk F08)

BE <~y F M7 4713 SSHlfED DSCOMA FRITH T, BTl IReE 2 i3
H12DIWEELRTNA ATHE., WEROT1 VI NVEREH L ERERL 2TL21T9
72D AID Z2igge, by VGO TF—F T T VLI RAIPNEL L0, E TITETHT
B ESKEL RS 7. KF v TTRF—F 7 P LI A5 IS SH % ITITIT
ERWCTFusmi kL, ZOESOBHHEZMS T LI12 X o T RO
BINER 72, FREEOF v FI2iE70—7 14 ¥ 77— MEEBIEIESG 2 vz A
VTNV MM A=V VT LEERL TV D, ZORBORKIL 64 x 64 WO H#
TVUA RBEL, KF - EEFMOIT Y PO —I VA E T 8 x 8 [ % [[IRFIZH A . . —
WML 7a—7 4 77— MRS 2 7SRRI X D IE 7 LA U CIRE LI - AKEHOMEI#ER a5 1 >~ &k
AT . ZO%, HAEMR 64 % MOSAAL vFeiary ta—VEEEHWC 8RO IITA4 YoM T5. LliFEOHA
Z13 25.0um X 25.0um, BAIOISRIZ 278 %L o7z, BBT AFZIZL BWEIIT-> T,

ERETHARE © 2 AHBLE, 3 AH K E&EtY —JU  Avanti 4 Apollo, Cadence#l: Virtuoso, Avanti #1: Star-HSPICE, Cadence ft:
DraculaDRC +5 > Y X 4% : 10,000 Y. I, 100,000 kiii EHIEZ > : @—2 CMOS 0.35um 4.9mm fj  F v 7i&@5] : ilf5 (RF
i, ATM 72 &)

el e



SFQ/CMOS I\ JU v RXEV BEZROIEDE

WREN AFZKERIEMER  FIET

BIE © k4 13 SFQ Il o> il & CMOS Ak Il % o w £ AR M 2 A G b 7z mdn A 7
VY FZ 954 FXAF)DOEHEZHIEL TS, AXAEY Y AF A% 4.2K TORIREEZ
MICL TS, 207, AE)—/)—FD) =27 BRMNEWL, DRAMI3 + 5
VIVAZAENENVEACTOLIZHED S TR CIBIED 2 ) BIEXTHETDH
5. Tz, BEELVAT Y TORMICEY, ¥ 7F 72DV FOEHET 7 LAY 4 AN
WieE 5. IH1T, Fv 7HICHEERRZ V2720713 y 7 7 OEEE I 2 /NS
{TE&D. AF v 7TIRENS OERNEETH % Josephson/CMOS A 7)) v K7 7,
3T UTVARIRXAEY VORI EIT- 72, FEIRTNA ZETFT VLD 725D D MOS
FNA R RVER L 7>, == =4
EXSTHARE : 05 AHBLE, 1 AH K 8&EHY —JU ¢ Cadence #l: Virtuoso, Avanti f: Star-HSPICE, Cadencetl Diva rZ >3 X%
# . 100 ik, 1,000ki% HEZ > 0 v—2 CMOS0.35um49mm i F v TR D AEY

128 X 128 EFRIFEERA XA—I Y (£ 3 R)
HRAZFRZRIEHBIERARR %

KIRESUEE RS ERES Rt B

BIE 4 DR CTIREL, BMEEZHRITTOLERAEA 2 —Y & i, AFHLR
L KB FLBEOINMBIE T L ORBMMEZ I T2 MWEFEFTH Y, HIZ O R )
THHRETH L7228 L EEEHINOIRH 2L 35, RRAETIX, FEFEO RO3500-1 &
M4t [1], 0.35um & WA BB MBE LR T T L A ZTENL, THE CTERYLZEEZ R L
TEWEEEI VT 75 v AFEREEBMBEA 2 — T X 40 128 x 128 BiFE~DL
KEATH o7, FHEmEMBHEEMN T v /3y 71200 TIE, LR OFIECRE R BIED
RSN T WA NMOS K, HAAREE HW RS L7-.

SEIW ki, ZHE, 128 X 128 MiFEREMAH A A — T & ¥, p. 153, 2001 4F === =5
VDEC 4% (2001)  E%EHHARE : L AHBL L, 2 AH K §%EFY —JV @ Cadence ft: Virtuoso, Avanti ft: Star-HSPICE, Cadence ft:
Dracula LPE, Cadence fl: Dracula DRC, Cadence fl: Diva k2> Z 4% : 10,000 L F, 100,000 4&iii {EZ > : o —24 CMOS
0.35pum4.9mm . Fy TR A A—TV L AT — LY

BERTA MRS Y FHEAF YT

ARAZEXRZRETEHRER = %N, el =8, #EA

BIE . VLS 7 A N A BUEOLHONBERT A PRA Vb [1] #EALLYA 70
TatyyERMELZ. WEERT A FPEA V ME, CMOS HHWEIRER O EMHEH 5
T ANKRA Y MIABHTOMBEEZELZ 2L THEDOTHSL. #MEF v 712k 4
DO L Taty R MAATNTEY, ZRZFNIIHLT, () 7AMNESHILEL,
(2) 128 DT A MKRA b (FA4TA) 2HA, (3 128MOFTAMKRA b (4T
B) #ifA, (4 ZFx Vi%il, P MXNTwab. &k, ¥4 7ATIEELZ YDATT
APKA Y PERINL, ¥4 TBTIEAT I +EL I FTTFAMEAL Y M ERIRT B
R EmoTWA., FAMESLEL (D) 1285 2w MmE, 2 Tid12%, 3) T
2 13%, (4) TR 13%Thotz. (1) IZx3 2 AMBMFHowm, (2) TiXs,
(3 TIE3, (4 TIE3Th-o7. E5IT, BISTHEMBEHOMAREY 2 —)b, BT A MRA ¥ b OEHRAGENEH TEG b
HINTW5,

SEIE ¢ (1] 100, T, BER, LS FAYEUF A WEDLDODONEBIRT A FEA YV FEAT, LS FATFA YTV YERY
v L1999 & iksE, pp. 13-18 (1999).  EXETEARE 0 1 AH DR, 2 AH ki %5tV —JL © Synopsystt design_compiler, Avanti
Apollo, Cadence #l: Virtuoso, Cadence fl: Dracula DRC kZ >3 Z4#%§ . 10,000 Bl L, 100,000 #iii #=HIEZ > : = —2 CMOS
0.35um4.9mm . Fv TR v A ru sty i




~\ \
BEHREA70Y bIY FEIE O
HRERAZIZRM%F  Deng zZhi, Hif HRH, AF EE
REAZEAINIEMRE 24— SBEE2
BIE A A=V V75 H5%, £F v YA MEDSRO LN S L) 1% o L v o7
oy by FEAEME, @RS 5720 ASIC 2RI LTWwa. SEIEHEHL » o
Ty MY FEMETL7200EAREL L 22 NBEOEZITo72. BEUEE TV 5
WVTAF) 2 & THREDI LA ED L 2 L h b, i OIMERETIEF v FNTA/D %479
ZEEHBLTWA., TOF v FTIE 6Bt O Full-Flush # £ 7, 12hit ® Wilkinson & &
5 72Mo ADC Z#t, WREOFMzIT). T/ ryHo7Y 7y TE L THMT 57
BDIZ OPAMP %5t L T A, R-REIRLH A OPAMP % 35T L, WK% 4T . F5 OHIE
LARNVORHIEN L L 25 TdhAH ) DAC P THEI L. ThooligzHwTro
vy FEEgE L CORGNREROFTM AT .
ERETHART - 1 AR DL, 2 AHK#E EEtY —JV . Cadence #L Verilog-XL, Synopsys fl: design_compiler, Avanti £ Apollo,
Cadence #1: Virtuoso, Avanti 1 Star-HSPICE, Avanti ¥ Star-sim, Cadence ¥t DraculaDRC k35> X 4% . 10,000 L. F, 100,000
K HMET > o—2 CMOS0.35um49mm A F v TR L 7T VIRRE

(R EIEIESS & EHIBEIRDRET

KRAZIEHRERH B HH, = &G LFEKRE, 80 H=

BIE  AEHLZEHRO 7O Y FORIEE HIYE LTRSS & B HIES: %
ALz, T, BHMEROBIBEEGED O, SRS REL 2. BE g
24GHz THh 5. RMEE MRS, SREEEORWAI A3 — FRIZFEH L. A4 ~
=5V AD~Y v F 7% L5728, inductive source degeneration O /5% v 7z, 4~
o yDAF 75 AF13nH & InH TH B, T/, WHAMHIZ25nH 01 > 57 %
ER BHMIESE, BRRLEESE Aa—-FRITHY, ANBBIOEILIC
0, BfEr SANED L. WL, RBEONED7D, F4 5= FE2FARALLET
LF4 A b=2a v ReRH L7 F72, ZOIFRMAT X =5 OB L 255280 §
¥ 2 720 SHAE L 7= B
EXETHAR : 1 AHBLE, 2 AAKG 5%EHY —JV @ Avanti 1 Star-HSPICE, Cadence fl: Dracula LVS, Cadence fl: Dracula DR
FS2U X% 10D, 100 kb0 HET S 0 m—24 CMOS0.35um49mm i F v TR EfE (REEIEE, ATM & X)

F v A Multi Bit CDMA BRI\ A DEREt

ARAZI2MER AKX 5%, Tan Boon Keat, A &, HRE RE, &80 M=
BEE © Multi Bit CDMA AN A QFEHICIANT %ES, ZENREFNEh s MERL T
A M OFF 21T > 72. COMA AN 2 1% COMA iR ZE 5 2 & T 1R OER /N 2
EHLCELEMBEETIBMTH 54, FHENEPN I — FIZX 2EEMICMA, RIS X
BEFRMLATI LT, 14 7 VI 1N ORZERPRZET H7— % % 3hit IR L,
bR FEB L7z, F 2 E RN O BT E R % Dynamic Curent Mode Comparator %
WCHFT 2 2 e CIRIEERENEEH L. SHOHME, BMELALTF v 7ICikr 7z 8 x4t
DREZEIED LN OEMNAZ B L CELEBEEITH) 2L L, LHOBEZERN LA
I W1z it DT — I IRZEIT) L EWGET LI L THS.

ERETEART 0 0.5 AHBLE, 1 ARG 5%EtY —JL @ Avanti 4t Apollo, Cadencet: B - = —
Virtuoso, Avanti #f Star-HSPICE k5> X 4% 10,000 b\, 100,000 Kiii > : @—2 CMOS 0.35um 4.9mm 4
Fy TR —a—Fr 0y



Fvw N DS-CDMA BfIVADERET (4)

ARAZI®MEE  Tan Boon Keat, EHH &, E BE, 20 =

H% . DS-CDMA F#NZADFBUCINT, %#E%R, ZERrZhEh 0AFERL-F v
DFEIEIT > 72. DSCDMA AN AL, =% % PN I— FICX D EHERTLZ &I

;of BHROEY 2= VR LN OENZ 24 L CRBICHEZT 2 2L 2ugke &

SHEMTH L. GRIOFEITEARER, ZEHTNLTIUTT X DIWHIF 72 IH2» A

THILETHHIERTEL X)L, TAEHNRTHASNLETEZ, Fv 7%

B8P OLOESZ2T TR, Fy 7HE» LD EEFEZMATE, Fv 7HOEREROFM

v@ﬁ%TﬁkLt SO HIE 10 HOREZAE 1 OB /N A %258 L TLElE 17

CLEMGET A ETH .

?ﬁ?‘i‘ﬁﬂﬁaﬁ D05 AAME, 1 AAKG EREY —JU  Avanti ft Apollo, Cadence #t:

Virtuoso, Avanti - Star-HSPICE M Z > X &#% : 10,000 DL 1, 100,000 #fi H{EZ > : ©—24 CMOS 0.35um 4.9mm £ F v

THER Za—Fr /0y

3D1—-JVUy RJILHERIRE, FAROEHARERBRUBIRE GF
(2/A160) LoOREERE
BHBEREAERTEMRE 82 U, BFE XH, Bl RE, 5K —%,

=K ER
BIE . 13D 12— 27U v K VAR, X7 MV (XY, Z) 123 Ly XM2+Y~2+4272 %5l
HYBHETHY, V9747 AETRY MVOERLICLELEETH L. 40, A
W% |IEEE754 BEHED HAEIEILAR 7 + —< v P TR EN B FE/NG A E LM% 3
PEL72, HEIZHRADPREL TV AR 207 VT X220, Hia S0P 2 K5
RIS AL TS X ) MR 2 IR L 72, 2°F oSG EIE, v vF 274
TIEHRETLIELIEBN DA TH L. 40, LAHIPREL T2 FEHBROBEREH
TN T XLNTHD S HEF 2 RO o2 1E L7z, AJIE IEEET54 B —— -
B D KGR E NIRRT + =< v P TH 5. 3&@#&%waé#%n4+uGaa7w:UXAL£o< ﬁmweF
(27160) LokrfRdE#EL7. GF (201600 Lot AB,Q L EMHLHA G IOV T, GF (2°160) L OHEH Q=A/B mod G D&l
"HE1rO.
SEW | REE, B, BA, [EE/NUE 3D 2 —2 0 v KV AR, E483# vLD2001-89, Nov. 2001. E%XETHARS : 3
MNHBLL, 4 AHK# §%5Y —JV @ Cadence #l: Verilog-XL, Synopsys#l design_compiler, Avanti £l Apollo, Cadence fl: Dracula
LVS, Cadencefl DraculaDRC kZ> < Z 4% : 10,000 D\ E, 100,000 i HIEZ > : ©—24 CMOS0.35um 4.9mm i F v 7’
=R AR R, MRRESY)

N—=Fox7 JIT §g%O Java JO0tv Y

L2HEBERZFXRFRIZMRER REFH, 5K —% SAKER
ZREHEPPEREMT K ZRAZERHMERRR AN BE=

BIE L4E, MARAR Y AT AMTOEEE LClavasiEH s Tnsd., &rld, HN—
Fo =7 OBFEREEER CH 20— F o =7 AT B2 2 Java 70t v ¥ (FJava 7
oty ) OEFEIT R o7, Fava 7ot v Hid 2000 EREICHEEL 2 R-Java ok y
POLRMTHY, 5EDIAL TIA4 Rtz ib, Javad/ N { ba— 2 BEEFETT 5.
Java Dfir4r 201 fr 4 112 @y 2 EH L THB Y, NERHELE 320it TH S, ffF ok
x%%&U%%ﬁ%&Tﬁn—hvl7k®4/97; AEFLTHEY, HEOREL
RLRERGHDETOZDOICINSEZAHTES, Fava7 B3ty HIZBIF 5N —F 7 x
7 T BRI, 7D77A%ﬁqﬂc_/\4 Fa— FRIZNT L, BN, Fa— PO = = = -
#F LOTETTE LML KT N— FY 27 LICEIOICHE/BRL, 5% x v /:LJ:0)/\4' ha— I\ﬁﬂ’%imz’c ﬂ’a‘:
FIHTEETHL. COBEICLD, BOEBELETINEGHINHTH2EHN—FT 2 72BN T 5 I &3 TE, LM
DEFALDTRETH 5.

ERETHAR © 2 AHDLE, 3 AH KM 5§ —JV © Synopsystl: design_compiler, Avanti 1 Apollo, Cadence fI: Dracula LVS,
Cadence f: DraculaDRC b Z > ¥ X 4% 100,000 LL F &HIEF > ©—24 CMOS0.35um4.9mm /4 F v 7Rl . ~f ru 7o
v




) 2\

KRIFEXE (FzL\bih) HIE LSI \O
ERAEBRFRMAZREALIERAENER RE 8, 2 B—, KX R,

KT ES, HAKEA, |l EH,

I &R, A F=, 8 BE
BE . AMOENEZL ARLEELRA V5 72—AL LT, EOMEZHMNTLI L 2%
Z, ES Y AT AT ONT VS0, ThOLEHENATHEHEHL TV L2052 HET S
LSl OfER T -7z, RLS OB E LT, BB LTENRA N THD, dHhEFEEL
TV, VTV I A NUBTE S, BEAEY)THD, RENBFOLND., KLSIZ1HD
AATHHD, #3077 L — 240 RGB24bit (320 X 240pixel) OMif§a A& L, HO
WHHEICER L THEL w222 HMEdT 5. RAM LA 77 b2 Iab—v 30Tl
30MHz TEIET 5 Z & &Rl L7z, 4, EMEOT A FIERICL D, K LS OB
ET)TRETH S, TAZICLDMWERBEDE ZAHTo TR,
EXETHAR - 05 AH DL, 1 AHRKM §%ETY —JV . Synopsystl design_compiler, Avanti #: Apollo, Cadence t Dracula LVS,
Cadence #: DraculaDRC 5> 2 Z4#% . 100,000 Ll | #HEF > . m—24 CMOS 0.35um 49mm i  F v 7Rl . 7w 7|57
VI NMEFE T oy Y

NKANSVIRASBIVUyT IOy TZAVEES LSI
REAXREXRERTENRR  KE S8, & Et, FF &2, M KEE

BEZE 0 LS| o & - ARE LI 0 AR m OHN AR S AR TH B, £ T,
BAGHFERERONECEBE LR TH LA NIV AFEAKE 7Y v 770y TG
L 72 CPFF (Complementary Pass-transistor-based Flip-Flop) ##t% L 72. CPFF X5k D
TGFF (Transmission-Gate Flip-Flop) D& ) %~v A% — - AL—THiiEZ2 L >TELT, 2
HONRANT YIRS R ray 7 BIEREKICE > TH#MT 22 T7Y vy T 70y 7OK
AEEBLTWS., £oT, TGFF LKL T M7 Y VR I B DR kb, FEE
WAHIRTE, HHErORE AR 7))y 7 7uy 7L LCEIfET A, E512, Z® CPFF
ZARBIE M O —FTH B MTCMOS IMEEIISH LC, FRBEIEIC 7 — & fREE % CPFF
(DP-CPFF) bIRFEL T2, KifiF v 7k, TONRAMT Y YVRSMT )y TFTay —
TOWREMRATHIEEZHME LTS, DSPOI 7RIS LTXfHHENE MAC (Multiplier and Accumulator) |1l #% 12
CPFF, TGFF, DP-CPFF, BDFF (BadloonDFF) ® 4507 v 770y 7 THIKL7-d D& ZNENHEIL, Mz iT- 7.
LEZXW ¢ K. Park, T. Mizukusa, H. Won, K. Choi, J. Kong, H. Kurino and M. Koyanagi, “Low-Power Data-Preserving Complementary
Pass-Transistor-Based Circuit for Power-Down Circuit Scheme”, Ext. Abst. SSDM’ 01, pp. 100-101, 2001

ERETHAR © 1 AH DL, 2 AH K E%ETY —JV @ Synopsystl design compiler, Avanti 1 Apollo, Cadence#l Virtuoso, Avanti fl:
Star-HSPICE, Synopsys 1 PowerMill, Cadence f1: Dracula DRC, Cadence*l: Diva k3> X 4% : 10,000 Y\, 100,000 i
HIEZ > B—24 CMOS0.35um4.9mm M F v TR [ MR (FEHAG, BREHR L)

ALU BXREIEDE

AMKZRERD X T LIERFENRR KB 02

BIE | R O EET TOLMBIRET) ZLICLY, FHMEOEZ i EKT
52 lx AL L, ALUSERIBEORER 1T - 72, S WEAME L 72 ALU JEAR B (3 50m
B, OBBORE, EHOER, SRR/, eI R OB NI R R OB RE %
FroTwa, BEV/NUSIIRE J O T2 DO\ T3 IEEETS54 B/ EUS B 1 HE L X &
B 2T S . BEIEEICOWTIZ 30 ¥y FoiiE, BESEEICOVWTIZ 15 Y
v POWHBREEENENUIT L. 72, HEETL LT3y hOANESZ#EL, 2
DHNE B ISP & s ST 5. FEREBZORT — ML 103458 ¥ — M TH 5.
SEHE (1] EA, “MEEEO TV TY) XL”, pp. 80-85, Vol. 37, no. 1, TEHALEE
(1996) -
SRETHEAR © 3 AH DL, 4 AH K 8%EHY —JU ¢ Cadence 1 Verilog-XL, Synopsys fl: design_compiler, Avanti 41 Apollo,
Cadence fl: Virtuoso, Avanti fl: Star-HSPICE, Cadence #l: Dracula DRC k2> X2 &% : 100,000 LLF #H1EZ5> : o—2 CMOS
0.35um4.9mm i F v TR [ HE K GRS, BREHRLE L)




ZF v RIVANEFEIRERA LSI A TEG (1)

LREXZXZRERMEFZMER FHK, SHBE

BE | A5 & ARSI O R % SRS 21213, B2 TS RoMRE S %
PSS HLENH L. HoT, WA ILF ¥ A NVATOHMRIEHEZ, 74 YL ATHHT
X5 LS OFEBEHFLTVS. £F v 2V ATISHIG L2z AR EREN LS X, 25 v
DV AT & HF v 2OVIZEHT 2 MUX [0, iS5 2 31R3 %2 OpAmp I, HiEL
TR S & T 4 ¥y VIEICAR T 5 AD 2, B L 72E 5 2 A% E T 5 RF
FIUAI Y A EBBIOLS HEMES22ZETSRF LY —NEETHE S NS, KT
v 7CUE, AARTEERBI LS BRI B OB EZ RS 5720, LUTF O 3 DO YEF i % i
L7 () BE10 €y b, H 27 ¥ 7 IMHz, EIEFIR AD 253l (i)
¥V 7 A 100MHz, ZFRJE Ik 500kHz, Z% N ASK O T v X 3 v &,
(i) ¥+ ) 7 F9EE 100MHz, ZEiE 9% 50kHz, fz% 530 ASK @ L ¥ — 3 [l %
ERETHARS 0 1 ABLLE, 2 AARN EREHY—JL ¢ SI AL SX9000, Avanti #: Star-HSPICE, Cadence #l: Dracula LVS, Cadence ft:
Dracula LPE, Cadence fl: Dracula DRC, Cadence fl: Analog Artist k5> X &% : 1,000 LI E, 10,000 ki HEZ> @ o— 24
CMOS0.35pum 4.9mm £ F v FHER| © TEG CREPEFFMi[ 7% &)

BF v RIVASEFEIRER LSI A TEG (2)

= N BT &7

EEXZFXRZREHDERZEMER WO £k SHEK AHE

BLE © W5 & A B o BR % JEIC RN 5121%, RFTI 2 5Kk T4 B o fiRE 5
FRETLLEND L. ftoT, AL F ¥ ANVADOMRERE, 74 YL ATH
WTEDLSIOEHZHIFEL TS, £F v 2 VAL L 72 ARG RBIH LS i,
%F X ANV AT % HF v 3 IVICEWRS D MUX 1, EES 2 8 IE9 %5 OpAmp ik,
BE L 72 ARAE 5 %2 7 1 V& VICE R % AD ZHehlik, B L7225 20 %E T
HRF N VAIy VBB LU LS HIESZZETARFL Y — \HETHR INS.
KTy TTIERMERE T © AV AT AR Z B 52023 5720, LLUFO 350 OpAmp
%2 RE L. () 74 >~ 75.4dB, #38 11.3kHz @ OpAmp i, (i) 74 > 64.9dB,
Wik 165kHz @ OpAmp [al#%, (iii) %1 » 54.5dB, il 1840kHz @ OpAmp lal #%
EXETHART © 05 AHLLE, 1 AHKGE 5%EHY —JV @ Sl 4L SX9000, Avanti ¥ Star-HSPICE, Cadence tl: Dracula LVS, Cadence %k
Dracula LPE, Cadence fl: Dracula DRC, Cadence fl: Analog Artist k5> X &% : 1,000 LI F, 10,000 kiii HEZ> : o—24
CMOSO0.35pum 4.9mm £ F v 7585 © TEG (FRIEaTiml s 7 &)

BB CMOS A/ X—=Jte Y
LEEXRZFXRFREHVERFERER  SH B, WXEF, KHE, HFIE
aHE
BE AFv7E, ¥4+ 3Iv 2710 >Y DR KT LHEEZ RO CMOS A x—T &
YHTHDH. ¥kt X 45um x 45um (R 12%), €27 LI 564 x 64, 7+
N4 77 ZI2iE p-subn-well 7 o+ FF A F— KV, F v THET AD B Z 7w
FYYME (8bit) ZHNTEH. HEZLUVBICE 7 LVHNE O~ FIVERE (0.5pF) @
ViR & HRHERIE 2 IR L, 2O K/NBR % T8I AFHE B A1 BN & 40 <
FIVIAICIIEERM 2B T5. ¥ BV ASGIEEIG L 22T 72 SO6 M % 3% 58
THILETAA—T U HDDREIKRT . T2, AT VIGE OB REH 08K
EMR B0, €7 VORJEEIVNSWEEITIE, AD BRIGET 271 > 2HE e — - ——
T5. KF v TefT, K70y 7 OERNRIFEFHL Y, XT3 79 7 VI EORBEE O 217 ) FETH
5.
ERETHARS © 2 AALLE, 3 AA R EREFY —JV ¢ Cadence t: Verilog-XL, Synopsysfl design compiler, Avanti ¥ Apollo, Avanti
1 Millkyway, SII #1: SX9000, Avanti ft: Star-HSPICE, Synopsys fl: PowerMill, Cadence f: Dracula LVS, Cadence #t: Dracula LPE,
Cadence #: Dracula DRC, Cadence ff: Diva, Cadence fl: Analog Artist ~Z > X &% 10,000 Bl L, 100,000 &iii #HEZ> @ o
— A CMOS0.35um4.9mm . F v TR f A =T U/ A3 — b




N\ T

S8 CMOS 1 X—JtyY \O
BEAERFRARDEHEHEAN | o 8%, WAEF, XEH HIE
B 2

BE . RF v 7, 473y 2L Y (DR) 2IKT2HREEZHDO CMOS A A=Vt
YHThHBH. ¥ kA X 45um x 45um (BT 12%), €27 564 x 64, 7 *
N4 T ZI2IE psubin-well 7 F F F A+ — BRI, F v TNERT AID B A T
FYYME (8bit) ZHNT S, KEZRVBICE Y LVHEOF T IVER (0.5pF) @
iR & IRHMETIT & R L, 2 O KR/MBIR % T0IC AGHEAS I A 13 BB & 45 <
FIVIAICIIEERM 2B T5. ¥ 2V ABBIEIG L 2287 72 SO6R I % 3% e
THIETA A=V U HDDREIEKRT . T2, AFEDETVIGEOBREH OBK
MR 720, €7 VOMNEEI/NS WAL, AD BRRISEY 271 2 2 3E —=- ———

Th. KFvTenvareEgL, 4 2= T RAALZEREE=FICERT LV AT A %’I‘%%Té %'C“ﬁ)é
ERETHAR : 2 AADLL, 3 AHRWG 55V —JV . Cadencetl Verilog-XL, Synopsys#l design_compiler, Avanti £ Apollo, Avanti
1 Millkyway, SII #1: SX9000, Avanti ft: Star-HSPICE, Synopsys fl: PowerMill, Cadence fl: Dracula LVS, Cadence #: Dracula LPE,
Cadence ft: Dracula DRC, Cadence*L Diva, Cadencefl: Analog Artist ~Z > X 4% : 10,000 Bl L, 100,000 AKiif H{EZ> ' o
— A CMOS0.35pum 4.9mm ff  F v TR f A =T U/ A — Y

2 AGHREBEINZE TS EE 2 B#I0 PLA RUI\S VIR ET T 51
HEXEVY

REAEAFRIERFER  (UFE ZH, tHEH, ZHBiE

BEE 50 2 A BB 2 EHT 5 mBE VOO AR iEZ 2 #K PLA ORE%
f1o7z. 64 A1, 1O v ¥ AGmEBEFEEL TWD., 2 AV 2 HbAt 2 &
W&, ek PLA X LARIEEL L 220 205 136 ISl S TB Y, KiE%F v Tk
OFESEBENTWSE, F72, WHEICE VAT v T2 WL Z LI ) mdEEx &
L, 2AMETHL I NS 4 TRV EEEE L 2o TWb., 72, HErs 5
AONINI Y THBENICS 57— SRR RETH D62 T Y 2l MEL 72, B
1% 32 X 128-hit TH 5. ANT—% LillE7T — &7 OENEKIZ L & WEGRE R K2 v 2
ZEICXY, GRONHBNICHLET - 07 FLAZEBICHIT, 222 B -
THhb. INHOREKIIH L, EB 7 A ¥ & v GRIERH O ME G 2 1TV, &3 1V—va/ﬁ%kﬂﬂw~ﬂ%% L TWw»
5.

EXSTHARY : o5 AHLLE, 1 AH K 5%EHY —JV @ Cadence L Virtuoso, Avanti #1: Star-HSPICE, Avanti #1: Star-sim, Cadence ft
Dracula LPE, Cadence*lL DraculaDRC +~Z > X4%;: 10,000 Ll E, 100,000 Kiwi #HfEZ > : @ —24 CMOS 0.35um 4.9mm 4
Fv TR AN CGRAL, WREHRR L)




¥ 13EE % 1E HIAWESF—BITLS FuyTRE
(HITGAO1)

WEGRE MU DFT ;BZEOIROE

tBERFTHE HIBKEB, Bk E—, TRESE

BIE © LS OWIREY 4 BT E S & 1P ALIZ D W T OMFZEIPE W HIVE U 7 i 45 17 %
& DFT B 2 WL 727 v 7 s mE I A ) % 32bit E/ MR & L, AJ)
OIEERIT (log2) & OFSE, WEERIE STL HE:2 M2 E L, Zh2hosfEoh
HEOVMNBERDLTTATH S, DFT HFEHEIEIRA DMWY MATHE LS VAT LD
IPfb®—Bt L LT Verilog-HDL @ RTL TOHMHRMEE 2 ik L2 %al 217- 72, 4
EAE L7z M B o 4Bk 1E, AJ) 16bit, 77 21bit (W3 d /NI o 2 O#i%EEH)
T3RKA Y FAMT), InffRLREREEhER 20T OHWML, MEHT & O CTE
U2 MEFEBOFER, BEELINHE AT . 5HKEET Y 7LV TORRFHL T, 8 4
IPALOBEDF— % & LTV & 72\, .o (R AAAVAANAAMSFPF P sermbimeebt
ERETHAR © 3 AA DL, 4 AH K 5%EFY —JU © Cadence t: Verilog-XL, Synopsystl design_compiler, Avanti ¥ Apollo,
Cadence ft: DraculaDRC M Z > Z &% : 100,000 L L 155> @ B8/ CMOS 0.35um 6.0mm £ F v 78R © {4 [ %
GRS, BEHREY)

EE7-UIE®R (FFT) CEEOHE

iEEAFE TS HREE, Bk E—, BF 217, T/ BB

BEE © o 3HAE, THEMRY AT A0 LSHLICH D ATV D, ARRVE T 5 ik
o) B, SEORLIERAERT 2 FETHLEET —) 24 (FFT) BEKOE%
vy, EREL L7z, FFT OB 7T VT 4020, 382, M EMT S B4 8RA L7,
T, ZADOITV—=TDL ) DMWYV MATHS LS AT L0 IPILEERL, K
FFT [81#% 0 #%51& Verilog-HDL % HIvy, RTL L XJVTFRT R4~ M, R/ NS5
g% i W AD HICEE W B 2 itk 24T o 72, 209 A NRIEZ 1T - 72 FFT [al#%13,
KA ¥ MDY 256, HEWEAS 16bit &L W IHERRTH L. SRIZEREDOT v 7L XV TO%
RERE 2 47V, ek A T ANOFEEICMTTSEL LTV FETDH 5.
ERSTHARS : 1 AHLLLE, 2 AA R E%EtY —JU © Cadenceft Verilog-XL, Synopsysth | sy
design_compiler, Avanti #1: Apollo, Cadencet: DraculaDRC k5> ¥ X 4% 10,000 Ll 1, 100,000 A 4T > @ H 2 BAERE
CMOS0.35um 6.0mm £ F v TR © A mH Gefld, BRAdaz L)

WEEER I A WIFv D P e e
EERFETEY ToOLI5F 74Fv4, BXKE— |
BIZ | CoWEHER 7 4 v, ABBROBEI AT AIIERE Ty Vak—U1E
5 DTMF (Daul Tone Madltiple Frequency) 2SIRTET A 1575 & H i 721 i 3~ 2 O 23T
H5H. 2O DTMFE 513 500 ~ 2000Hz IZAFTET 5720, EHiHE 5 OWIE 5 72150
DRV olliE, BRWEBSRIELFEEZET L7 ANV PREE D, 74 V5 DFEY
Jikl, A NERLSTHZOIE, T4 VT OWNEIAED IS R % g /NI A
WL, SO RERE, N"—FyzT7R, 74V yofEEEE LT, R
FHED 2K AT —F 74 vy TEIBLZ. 74 V7 OFFHERZ, BLESE 500 ~
2000 Hz, BHIRH7EER: -60dB L F, K# 12, % 13 v b, AHJ) 32bit o 24k
%EZT_\‘ I P s s asanwmess g AT mane

EXSTHARE : 1 AHDLE, 2 ANA K %5t —JV © Synopsys £l design_compiler, Avanti 1 Apollo, Cadence#l Dracula DRC k<
PUZA% 100000 Dt HET S 0 BT CMOS0.35um 6.0mm 5 F v TR 7 F R SIF Y VESUR TR v ¥
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) 2\

ATLAS REXLVL1 U H—H High-p@yﬂﬁﬂ.‘.lﬁlﬁ
REAYZNTHEEEHR > 54— HEE

REEILAFEZHRE B D

EIRIX—IRGBAREERKT % E3L, 4K B
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1.

Quantum-Circuit Emulator System
Koichiro Hoh, Minoru Fujishima, Shin’ichi Ouchi, Manabu
Sugiura, Masafumi Onouchi, Haruhiro Y oshimoto

We have developed an emulator system of the quantum comput-
er for propelling its theoretical studies. This emulator performs
the calculation based on the quantum algorithm at the same
speed as the quantum computer, using a dedicated large-scale
parallel processor named the quantum-circuit processor (QCP).
This year, we fabricated two types of processors. Oneisafour-
teen-qubit processor optimized for scalability and processing
speed, and the other is a seven-qubit processor pursuing calcula-
tion accuracy. The former chip processes the complex-ampli-
tude data at the eight-bit precision using dedicated circuitry,
while the latter processes them at the thirty-two-bit precision
using four general-purpose-processor cores as processing ele-
ments. We also developed the utility software for those proces-
sors. It consists of the assembler, C++ class library for the gen-
eration of programs written in the assembly language, the com-
munication software between the processor, PC, and so forth.

Logic Quantum Processor
Minoru Fujishima, Koichiro Hoh, Shinichi Ohuchi, Kosuke
Saito, Yasufumi Susuki, Masataka Ando

We are studying a novel parallel processor, extending the quan-
tum-circuit processor in order to achieve similar computational
speed and function to the quantum computer. This processor is
named a logic quantum processor representing the existing pos-
sibility of asingle quantum state by one-bit data. The operations
of the quasi-quantum computation are processed, utilizing a
swap operation together with logic operations in the quantum
circuit. The one-bit-data process simplifies processing elements
and realizes large-scale parallelism. The logic quantum proces-
sor realizes the efficient algorithm utilizing the classic opera-
tions, where a larger-scale problem is solved using less qubits
than the genuine quantum computer. We have implemented the
processor using a single CPLD in practice, which has the per-
formance equivalent to the sixteen-qubit quantum computer.
The feasibility of the proposed algorithm is also discussed.
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Fabrication of Schottky-Barrier Complementary
MOSFETSs Using PtSi and ErSi,

Koichiro Hoh, Minoru Fujishima, Seiko KITAZAWA, Ryo
Tanabe, Hikaru Kodama, Koji Mishina

As the gate length of MOSFET is scaled down, undesirable
characteristics such as the short channel effect have increasingly
degraded device performance. To overcome these difficultiesin
further scaling, the Schottky barrier MOSFET is proposed. To
apply Schottky-barrier MOSFET to the digital circuit, itisindis-
pensable to fabricate PMOSFET and NMOSFET on the same
substrate. We used PtSi for PMOSFET and ErSi2-x NMOS-
FET and succeeded to integrate both MOSFETS on the same
substrate by lift-off process and fabricated Schottky-barrier com-
plementary MOSFET. From now on, while aiming at highly
performance of each transistor, we will prove the possibility of
the digital circuit application of Schottky-barrier complementary
MOSFET.

Modeling of Schottky Barrier MOSFETs
Koichiro Hoh, Minoru Fujishima, Takuro Tajima, Kuniaki
Sugiura

We have modeled the dc characteristics of Schottky-barrier
MOSFETS for circuit application. In proposed subcircuit model
the currents by thermionic and field emissions from Schottky
source are modeled as reverse- and forward-biased diodes,
respectively, and those from Schottky drain are also modeled
symmetrically. The electron and hole currents in conduction
and valence bands are expressed using normal n-channel and p-
channel MOSFET connected in parallel. The proposed model
offers excellent agreement with static characteristics in a long-
channel Schottky-barrier MOSFET. A large noiseis observed in
Schottky-barrier MOSFET. Assuming that the 1/f noise from
the Schottky contact is the main cause in noises of Schottky
MOSFETSs, we measured the drain current, gate width, anneal
temperature and time dependency for modeling 1/f noise.

Millimeter-Wave-Band CMOS RF IC
Minoru Fujishima, Akira Imamura, Ken Yamamoto, Takayasu
Norimatsu, Tomotake K obayashi

Millimeter-wave bands are allocated for various applications
such as Wireless1394 and ITS system. CMOS implementation
gives us the best solution with both lower cost and lower power
consumption than compound semiconductors. Our research is
aiming at the highest speed circuits that operate at the frequen-
ciesin the millimeter wave bands by using transistors on the cut-
ting-edge of digital process and reducing parasitic resistance in
inductor. In thisyear, we designed PLL that requires the highest
frequencies operation as the local oscillator in the transceiver.
We have proposed the new frequency divider that modulates the
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self-resonance comprising an inductor and a capacitor. We
have designed automatic generator for the complex layouts in
order to draw the circle of an on-chip inductor with high Q
value and the shield of an inductor with low eddy current loss-
€s.

Low-Power Analog Building Blocks
Minoru Fujishima, Akiramamura, Koichi Ishida, Y uyaKondo

CMOS RF transceiver circuits are expected to achieve small
size and low power consumption, compared with ones made of
other devices. We are studying the design method of CMOS
Power Amplifiers, especially focusing on optimization of
power added efficiency (PAE). We aso have proposed the
novel on-chip capacitor, named to “Bending-comb capacitor
(BCC)", that has the high self-resonance frequency more than
one hundred GHz. It isrealized in ordinary CMOS digital
process. On the other hand, we are aso studying ultra-low
power ADCs. Since vital signs are low-frequency low-voltage
signal, influences of DC offset and 1/f noise should be reduced.
We have proposed an analog-to-digital converter utilizing chop-
per-stabilized highpass sigma-delta modulator for the reduction
of DC offset and 1/f noise.

WH - HIREE
Asada/Ikeda Laboratory
(http://www.mos.t.u-tokyo.ac.jp/)
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A Study of Themal Tolerance of GTBT
K. Asada, Y. Murakami

High thermal tolerance during the on-state of GTBT
(Grounded-Trench-M OS structure assisted Bipolar-mode FET)

has been demonstrated. In comparison with IGBT, GTBT can
withstand twice heat dissipation, that happens at the load short
accident, for

instance. This superiority comes from its structure. GTBT has
no pn-junction in the main current path, and the current distrib-
utes so as to depressing the temperature distribution in the chip,
whereas IGBT has pnpn-structure and the main current has ten-
dency to localize with increasing the local temperature.

Research on low noise logic circuit design using
DCVSL Cell Library
K. Asada, R. Zheng and H. Ikehata

Nowadays, various architectures, such as super-pipeline and
superscalar, are exploited in digital logic circuits design to
improve system performance. However, transitions inside digi-
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tal circuits become more and more complex, thus noise is
expected to increase more heavily than in simple system, which
may lead to operation failure.

In this study, a new method of digital logic circuit design is pro-
posed. The basic concept of the method is non-pipeline and sin-
gle-transition, which means only one status transition occurs in
circuits during each instruction execution cycle. It is supposed
that the waveform will be relatively stable and the circuit will be
robust to noise.

To implement the circuit with single-transition non-pipeline fea-
ture, a new type of dual-ral cell library is developed. The cell
library takes advantage of DCVSL (Differential Cascoded
Voltage Switch Logic) circuit concept. Based on the DCVSL
cell library, alow noise non-pipeline microprocessor is designed
to confirm the effectiveness of theidea. Although the speed per-
formance of the microprocessor may be influenced due to the
non-pipeline architecture and the overhead of the completion
signal generation, the microprocessor is expected to be useful in
some low noise circuit applications.

Studies on Smart Image Sensors
K. Asada, T. Nezuka, Y. Oike, S. Takayama, T. Miyazaki

We have developed high-speed position sensors for an active 3-
D measurement system using a sheet light projection, and a real-
time 3-D measurement system using the position sensors. The
sensor can quickly detect positions of the projected light on a
target object with a row-parallel detection circuit using a hierar-
chical access path. We have evaluated the sensors and realized
the real-time 3-D measurement system. A high-speed sensor
controller with a SCSI interface has been developed for the real -
time 3-D measurement. In addition, a high-accuracy calibration
method for the measurement system has been studied. We have
been developed a high-sensitivity and wide-dynamic-range posi-
tion sensor for amodulated lighting. The sensor has advantages
of some applications which require both the availability in vari-
ous background illumination and the safe light projection for
human eyes.

Study on High-Speed and Area-Efficient Array Logic
Circuits
K. Asada, H. Yamaoka, H. Y oshida, and E. Ulkuhan

We have proposed a dual-rail PLA with 2-input logic cells
which can reduce the overall area of PLA and alleviate the
issues of signal integrity such as cross-talk noise. The circuit
also achieved a high-speed operation by utilizing sense ampli-
fiers. The area advantage over the conventional design has been
demonstrated by using PLA benchmark circuits.
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Power Supply Noise Estimation Using Transfer Function
K. Asada, S. Sugiyama, M. Ikeda

The analysis of power supply noise on VLSI chips is becoming
important. In this paper we propose a methodology for the esti-
mation of power supply noise, caused by digital switching activ-
ity. Using matrix-transfer function calculated from F-matrix,
this method makes it possible to reduce computational cost dra-
matically to estimate power supply noise at al the nodes in
power supply lines. It is because we do not need to calculate a
large-scale matrix as used in general circuit simulators.
Proposed technique is shown efficient and valid enough com-
pared with HSPICE simulation.

Logic Synthesis for PLA with 2-input Logic Elements
and Exact Algorithm for Practical Routing Problems
K. Asada, S. Suzuki, K. Seto, H. Yoshida, T. lizuka

We proposed a logic synthesis method for PLA with 2-input
logic elements. Since the proposed method makes full use of the
existing multiple-valued logic minimization algorithms along
with a new logic extraction technique for 2-input functions, it
can be easily implemented and can handle practical circuits. For
MCNC benchmark circuits, the proposed method can reduce the
number of product terms significantly.

We proposed an exact algorithm for practical routing problems.
The proposed method can take into account of the characteristics
of VLSI layouts, such as VDD/GND lines and silicides. The
experimental results show that the proposed method can gener-
ate better solutions than the commercial tool with respect to the
wire length and the number of vias.

High-Speed Interconnect on Chip
K. Asada, M. Ikeda, T. Yamamoto

We studied a bus architecture for on-chip global interconnects,
high-speed signaling of which is more difficult than that of tran-
sisters. In this study, we researched unneglectable effects of
coupling capacitance bitween interconnect. We considered the
delay time changed by signaling because of the effects of cou-
pling capasitance. We have proposed a bus architecture that sig-
naling speed of each bit is changed dynamically by the differ-
ence of expected delay time.

A Study on Low Power Memory Architecture for System
LSls

K. Asada, T. Ishihara

A run-time leakage reduction technique for a high performance
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and low energy memory is proposed. The key idea of our
approach is to partition a memory into several number of sub-
blocks and activate a few parts of the sub-blocks. Frequently
accessed sub-blocks are activated and others are put to sleep by
a body bias voltage controller. History based prediction tech-
nique to predict sub-blocks which should be woken up is also
proposed. Experimental results demonstrated that the leakage
energy dissipation in cache memories optimized by our
approach can be less than 5% of energy dissipation in a cache
memory which does not employ our approach.

SEH - —HIgEE
Shibata & Mita Laboratory
(http://www.if .t.u-tokyo.ac.jp/)
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Right-Brain-Computing Integrated Circuits —
Associative Processors in CMOS Technology
T. Shibata, H. U. Xu, M. Yagi, Q. R. Gu, T. Yamasaki, and

M. Ogawa

Digital computers are dedicated machines for vary fast execu-
tion of numerical caculations. However, their performance is
extremely poor in such tasks like seeing, recognizing, and taking
immediate actions, which are effortless tasks in our daily life.
Thisresearch aims at building intelligent VLSI systems based on
the psychological 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 parallel processing. The key
ingredient of the system is a new functional device called
“Neuron MOS Transistor” (neuMOS or nMOS) which mimics
the action of a nerve cell neuron at a single transistor level.
Based on such architecture that “association” is the very com-
puting primitive, we are pursuing human-like intelligence sys-
tem implementation directly on silicon integrated circuits.
Currently research isin progress for image recognition and voice
recognition processing. The sate-of-the-art silicon technology
has been utilized to implement such associative processor chips
in both analog and digital CMOS VLSI chips. As practical
applications of the circuit technology developed for the associa-
tive processor chips, COMA matched filter chips and intelligent
internet search engines have been aso devel oped.
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Ultra-High-Speed-Writing High-Density Non-Volatile
Analog Memory
T. Shibataand T. Y amasaki

Human brain is a kind of a huge assembly of associative memo-
ries and intelligent information processing is carried out based
on such a vast amount of memory. Therefore, the development
of high-density semiconductor memory inseparably merged with
processing functionsis essential. In this research project, we are
developing high-precision nonvolatile analog memory technolo-
gy which is applicable to short-term memory for capturing high-
speed event as well as to long-term memory for storing past
experience as template vectors. In contrast to the conventional
flash memory in which one bit of data is stored by the presence
of injected electrons in the floating gate, we are controlling the
amount of electron injection by a real-time monitoring tech-
nique, thus having established analog data storage in a memory
cell. In particular, we found a new writing scheme in which the
very fast electron injection phenomenon occurring by a positive-
feed back mechanism is well under control. This will allow us
data capture as fast as that at a video rate while only about 10
KHz sampling is possible with conventional analog nonvolatile
memories employing write/verify scheme. The memory tech-
nology is going to be integrated into the association processor

architecture as the integral part in intelligent systems.

A Robust Feature-Vector Image Representation and Its
Application to Handwriting Pattern Recognition and
Medical X-ray Analysis

T. Shibata, M. Yagi, M. Ogawa, K. Ito, and T. Taguchi

Since image data are massive in quantity, an effective dimen-
sionality reduction technique is quite essential in recognition
problems. The maximum-likelihood search VLS| chips we are
developing accept image data in the form of avector. Therefore
we need to generate a one-dimensional array of numerals, well
representing the characteristic features of the origina 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
filtering to generate feature maps, which are reduced to a 64-
dimension vector by “Principal Axis Projection (PAP)” method.
The representation has been applied to handwriting pattern
recognition and the cephalometric landmark identification (the
clinical practice in orthodontics in dentistry), to investigate the
performance. Interestingly, in hand written pattern recognition,
it is shown the separation of handwritten overlapping patterns
has been successfully carried out based on the representation,
athough it isa difficult problem in artificial intelligence. Using
a simple template matching technique, identification of Sella
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(pituritary grand), Nasion, and Orbitale has been successfully
carried out. Since the vector formation processing is computa-
tionally very expensive, dedicated VLS| chips are now being
developed both in digital CMOS technology and analog CMOS
technology.

Real-Time Moving Image Processing VLS| Systems
T. Shibata, H. Kimura, and S. Nomura

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 dimensiona processing agorithm we have
developed, the chip contains the processing circuit only at the
peripheries of the photo sensor array. As aresult, 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 been also developed.
Since charge redistribution among multiple capacitors are uti-
lized for computation, it would be possible to build very low-
power systems. |In these two VLS| systems, neuron MOS tech-
nology has been utilized in realizing flexible hardware process-

ing.

Associative Processor utilizing Ferroelectric Thin Films
in a Hetero-Gate Floating-Gate MOS Structure
T. Shibataand D. Kobayashi

A considerable interest has been paid to rerroelectric memory as
an alternative to floating-gate flash technology, due to the supe-
rior endurance characteristics as well as low-voltage writing
capability in the rerroelectric memory. However, the low-volt-
age writing capability, on the other hand, implies unexpected
data change upon the electric field application to the ferroelec-
tric film. In this regards, digital storage of 0 and 1 has been
mostly implemented employing destructive read operation. We
firstly developed the technology for analog data storage in a fer-
roelectric film and then developed a new type of transistor capa-
ble of performing associative processing at the very device level.
The transistor was named Hetero-Gate Floating-Gate MOS. The
test chip was fabricated and evaluated. As a result, we have
demonstrated the basic association operation as well as non
destructive nature of analog data stored in the Hetero-Gate
Floating-Gate MOS structure. The chip is being developed as an
associative processor to be used in mobile terminals.
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Study on the Associative Processor Architecture for
Intelligent Database Search
H. Xu, Y. Mita, and T. Shibata

A genera-purpose intelligent search agent on the Internet has
been developed using VLS| Associative Processor (AP) chips as
the hardware accelerator. The agent performs similarity-based
search in a large volume of database. Although the similarity-
based search processing is computationally very expensive,
latency free search has become possible due to the highly paral-
lel maximum-likelihood search architecture of the AP chip. In
this study, two search schemes are proposed for intelligent
Internet search agents: the server-based solution and the client-
based solution. The architecture of the AP chip has been opti-
mized for each of the solutions and their performances are com-
pared. In the server-based solution in which multiple AP chips
are mounted on a printed board in the server, 10,000 simultane-
ous accesses to the intelligent search agent are allowed with a
response time of less than 1 sec for al visitors. This is by no
means possible in software solutions. As an example of similar-
ity-based intelligent search, an E-commerce real-estate agent
system has been developed using the AP chip implemented in
field-programmable gate arrays (FPGA) and the effectiveness of
such agent systems has been demonstrated.

Paraconsistent logic VLSI for inconsistent information
handling

Y. Mitaand T. Shibata

(A joint researchi with Prof. K. Nakamatsu)

Legacy logic circuits such as in microprocessors operate a num-
ber of conditions with inputs to obtain meaningful decisions.
The problem appears when there is any inconsistency in the con-
ditions P, ... P, their clause returns always fal se:

PPAPA .AP—Q

Since clauses that are always false don't of use, programmers
nowadays are obliged to design with removing ‘a priori’ the
inconsistency between each condition (literal).

Para-consistent logic handles ‘the amount of the knowledge on
conditions’. Therefore even in the cases of not only ‘inconsis-
tency’ but also ‘paracompleteness’, which refer to the status
having no information on a literal, logic clause can return non-
false (= meaningful) results. Paraconsistent logic can open a
new logic realm. A paraconsistent logic microprocessor is under
inspection. The processor will solve, in extremely quick
response time, some particular examples to show the feasibility
and perspective of the logic.




0>

e HInE e =

Fujita Laboratory
(http://www.cad.t.u-tokyo.ac.jp/)

ulnf@ﬁz“ﬁﬂﬁ*ﬁuﬁ(gﬁﬁ?%ﬁﬁ%
M %2, Thanyapat Sakunkonchak, /)NI1#

B ET O RBBAL - BHALISHE Y, BUEREHIE O KE X
BGEZf s Twa b EbhTwd. 22T, &ilow
WIB BT B EAAL T LIS O s BT % %)
HEAT) TEMFICEELREE VR L. (ERE O
MEETFEIEZTICY I 2L =33 Yk 0TH- 7275,
ZITOTAINNY =Y HBREPIIRKRELS BT oT0SH T
B, LORRDLI VTR NSy — L OHBERTER, ¥
a2 b= a rEHCTEENICIE L & 2R 3B GE
FMiswEE EhTwd, T, EALET LNV TORE
&R 3 5 55k & L Cid Verilog-HDL, VHDL, C7% &
BHLHA, W THHEES T CEHRERN—RA & LT
BEAMRE LD IIR L7720 LS L 25t A9 EH &2 i
OCWw5b, 22T, KBIETIE, »N— Fvz7itlio
SHEEHVEEAL ET LNV ON— By = 7 ikEH S
259 2 AW ST EBGEF LIS OV THIZE L T 5. &
72, TOFEOMREFERICE > THERELTWS

BITEEEEKICH T 2 MREERNICEY 2%
HEH B, AREE

FEREORETTIE, B ORKENRY 2, mig, ¥4 37,
HEEBD R EORWEM T 200MEFRICE Y, FHik
LI LIEREE S, E0LE, TRETIITbhi
I % 5 A L, ﬁﬁ@ NEBebhvEH, —ERiLL
A FE WA LIEST Z A HEE 2D, 20729

WCHRERBR Y NS RIBIECORBRE RO SN L. KRifsE
T, EHGLCOEMERREZNSE L, NEKICHR
DHEFENLEEIS, EEEZBR L CRD M2 REL,
WM ICBIEZ A 5 2 2T, IELWikiha s iR
BaET O HEMEIEBA I ) LA TV 5.

SRIEE RS R R AT ICBE 9 B TSR
HHER, FT, MR

HEMAME VLS BRI A S &, GBlikat & WEL%Er 2
SEANMS X R TE TS, ﬁ&*ﬁ&#ﬁLLT<
%. DSM (Deep Sub-Micron) 7B+t AT, JREEICHE
@’é%??fﬁ F—MERZT TR, RHRERE, BMEoO

BRI LL@@%%%%#@ WY 7 AR % £
L&b‘ L’EEL<E$§%%7"<&OT\N% ¥ 72,
T®*%®&%WET%% AT ORI IR > T

1.

Formal verification of digital systems
Masahiro Fujita, Thanyapat Sakunkonchak, Takaya Ogawa

As digital systems become larger and more complex, design
process of digital systemsis said to be devoted mainly to design
verification. Therefore, efficient verification of digital systems,
especially in their early development stage of behavior-level, is
major subject in design scene. Conventional logic verification
methodologies mostly consist of simulation, but the number of
test patterns have been increasing rapidly. Hence more efficient
techniques are important now, such as more efficient techniques
of automatic test pattern generation, and formal verification
methods, which proves design correctness without simulation.
Another hot topic in design methodologies is design language.
Several design languages are available in behavior-level design:
Verilog-HDL, VHDL and C for example. Of these languages,
C-base languages, with severa restricted

or extended features, are attracting attention these days. Thus,
we focus on forma equivalence checking of behavior-level C-
base language designs and are confirming the effect of our
approach by experiment.

Logic rectification technique on arithmetic circuits
M. Fujita, M. Kubo

In aactual VLSI design process, redesigns are caused by design
errors and specification changes in order to meet design con-
straints such as area, timing, and power consumption. To keep
designers’ effort already performed in logic optimization and
verification, it is desirable that redesign will lead similar circuit
to original, and perform minimum rectification. This research
targets arithmetic circuits such as multiplier, and is trying to rec-
tify design errors by diagnosing circuits, specifying the error
parts, and fixing logic locally.

Logic synthesis and layout combined techniques
Masahiro Fujita, Liu Yu, Satoshi Komatsu

Keeping logic design and physical design in separation will
bring us many rough problems especially in Deep Sub-Micron
(DSM) technology. For instance, when device dimension
shrinks to DSM range, transistor capacitance will not dominate
the entire delay, on contrary, interconnection delay will play
more important rolein delay. |f weignore the physical informa-
tion, we can't estimate this parameter correctly. For other case,
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if we just do some Engineering Change (EC), the separation of
logic design and physical design will lead to low efficiency.
Therefore, the research on combination between logic design
and physical design has gather many interest by art recently.
This research goal at a EDA tool which can integrate logic syn-
thesis and physical synthesis together potently. As a first step,
we will study on asolution for re-routing route failure wire. The
field will be focused not only on logic but also on layout.
Original layout information will be abstracted to generate new
netlist by which will make the routing easier. We hope the new
method will bring us more efficiency.

Computer aided design for software/hardware com-
bined systems
M. Fujita, Satoshi Komatsu, Jun Kino, Y oshihisa Kojima

Design methodologies and corresponding CAD techniques for
software/hardware combined digital systems are studied. In this
study, we replace the conventional controller circuit of the spe-
cialized hardware with compact micro-controller and memory in
order to increase the debuggability and the flexibility of design
even after chip fabrications. Since we replace control logics
with a micro controller with instruction memories, by using IP
libraries for (arithmetic and/or logical) functiona units, we can
completely eliminate “logic synthesis process’. It results in
huge decrease of time-to-market and turn-around time since it
need not synthesize any circuits. Moreover designers can debug
after chip fabrication by modifying only program code, it indi-
cates that this architecture can be easily applicable for EC
(Engineering Change).

Low power system design method
Masahiro Fujita, Satoshi Komatsu

Though recent shrunk VLSI technology has realized high per-
formance system LSI, the increasing power dissipation is
becoming serious concern on system LS| design. It also causes
the increase of power dissipation of data transmission on inter-
connects/chip interface compared to overall chip power dissipa-
tion. In this study, we propose an irredundant low power
address bus encoding method by considering JUMP/BRANCH
history. Generally the instruction address bus increases by same
step without JUMP/BRANCH operaion. It indicates that the
switching activity is decreased effectively by mapping low
switching code word to the address which appear frequently.
We evaluated this encoding method by using some bench-mark
programs.




N\

Hﬁﬂﬁiﬁé;:)

LSl 7 v T OWBEZWEAN, 72 6 OCIEHZHET o HE)ik
%ﬁ%ﬁﬁ%’owfﬂnbfwé.Lamﬁhk,m@
%ﬁvwmh%ﬁ IR ETFIVERIBL, Thz bk

CL7e# M?»:UZALOwTMnLTwé F7,
%#%ﬁbhfwé#—FVAwtff&< L VRS
ELARVR Y AT A LNV TOMBEBW - ek 5B
WZOWTHHEL TS

LSI9’-/7ESIF* RREXETR2HT
BERHE

Diagnosis techniques for manufacturing faults and
design errors
M. Fujita

Diagnosis techniques for LSl manufacturing faults and automat-
ic error correction techniques for logic design errors are studied.
We have proposed an unified model that can capture both manu-
facturing faults and design errors, and are studying on circuit
analysis techniques based on that model. Diagnosis and error
correction techniques not only in gate-level designs, but also in
register-transfer-level and system-level are being studied.
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1.

Formal verification of digital systems
Masahiro Fujita, Thanyapat Sakunkonchak, Takaya Ogawa

As digital systems become larger and more complex, design
process of digital systemsis said to be devoted mainly to design
verification. Therefore, efficient verification of digital systems,
especialy in their early development stage of behavior-level, is
major subject in design scene. Conventional logic verification
methodologies mostly consist of simulation, but the number of
test patterns have been increasing rapidly. Hence more efficient
techniques are important now, such as more efficient techniques
of automatic test pattern generation, and formal verification
methods, which proves design correctness without simulation.
Another hot topic in design methodologies is design language.
Several design languages are available in behavior-level design:
Verilog-HDL, VHDL and C for example. Of these languages,
C-base languages, with several restricted

or extended features, are attracting attention these days. Thus,
we focus on formal equivalence checking of behavior-level C-
base language designs and are confirming the effect of our
approach by experiment.

Logic rectification technique on arithmetic circuits
M. Fujita, M. Kubo

In aactual VLSI design process, redesigns are caused by design
errors and specification changes in order to meet design con-
straints such as area, timing, and power consumption. To keep
designers’ effort already performed in logic optimization and
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verification, it is desirable that redesign will lead similar circuit
to original, and perform minimum rectification. This research
targets arithmetic circuits such as multiplier, and is trying to rec-
tify design errors by diagnosing circuits, specifying the error
parts, and fixing logic locally.
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Logic synthesis and layout combined techniques
Masahiro Fujita, Liu Yu, Satoshi Komatsu

Keeping logic design and physical design in separation will
bring us many rough problems especialy in Deep Sub-Micron
(DSM) technology. For instance, when device dimension
shrinks to DSM range, transistor capacitance will not dominate
the entire delay, on contrary, interconnection delay will play
more important role in delay. If we ignore the physical informa-
tion, we can't estimate this parameter correctly. For other case,
if we just do some Engineering Change (EC), the separation of
logic design and physical design will lead to low efficiency.
Therefore, the research on combination between logic design
and physical design has gather many interest by art recently.
This research goal at a EDA tool which can integrate logic syn-
thesis and physical synthesis together potently. As afirst step,
we will study on a solution for re-routing route failure wire. The
field will be focused not only on logic but also on layout.
Origina layout information will be abstracted to generate new
netlist by which will make the routing easier. We hope the new
method will bring us more efficiency.

Computer aided design for software/hardware com-
bined systems
M. Fujita, Satoshi Komatsu, Jun Kino, Y oshihisa Kojima

Design methodologies and corresponding CAD techniques for
software/hardware combined digital systems are studied. In this
study, we replace the conventional controller circuit of the spe-
cialized hardware with compact micro-controller and memory in
order to increase the debuggability and the flexibility of design
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even after chip fabrications. Since we replace control logics
with a micro controller with instruction memories, by using IP
libraries for (arithmetic and/or logical) functiona units, we can
completely eliminate “logic synthesis process’. It results in
huge decrease of time-to-market and turn-around time since it
need not synthesize any circuits. Moreover designers can debug
after chip fabrication by modifying only program code, it indi-
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cates that this architecture can be easily applicable for EC
(Engineering Change).

High Density Bit-Serial FPGA with Shift Register
Function on LUTs

T. Isshiki, Y. Hiroi, T. Watanabe, T. Nakada, K. Akahane, I.
Sisla, H. Kunieda

This research focuses on all aspects of design issues on FPGA-
based reconfigurable systems, including application develop-
ment CAD platform for image/signal processing, new FPGA
architecture, area-10 FPGA architecture and area-|O memory
architecture for chip-on-chip packaging. Designs are captured in
C++ language and high speed, area efficient bit-serial circuits
are used for automatic datapath synthesis. Bit-serial circuits are
dominated by local connections and are shown to achieve
extremely high logic utilization on FPGAs. Because of the
small logic depth of bit-serial circuits, they can operate at high
speed, and thus logic resource can be converted to effective
computational power more efficiently than bit-parallel circuits.
With our application development platform, signal processing
applications such as 1D/2D digital filters, adaptive filters, DCT,
neura networks are developed. And bit-serial floating point cir-
cuits are also developed for geometry engine in 3D graphics.
We have also been developing a new FPGA architecture for bit-
serial datapaths and have implemented in VLSI. Logic block
architecture and routing architecture is optimized for bit-serial
circuit structure, and this new FPGA architecture is shown to be
superior in terms of logic density and speed compared to the
existing FPGAs. On our latest version, LUT architecture is
modified to implement shift registers which are frequently used
in bit-serial circuits. This VLSI is design in full-custom on
0.35um/3 metal CMOS process and its programnmable logic
capacity reaches 20,000 gates on 3mm by 3mm core area. Total
transistor count is about 980,000.
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Function Simulator for Large Scale Transistor Circuit
Netlist
T. Isshiki, K. Akahane, H. Kunieda

In full-custom digital circuit VLSI, it is essential to have an
appropriate circuit-level verification environment. Verilog-XL
does support transistor-level ssmulation but its capability is quite
limited (circuits with feedback loops such seen in D-flip-flops
cannot be correctly simulated). Also, circuits whose behavior is
digital but the signal transition mechanism include analog
behavior, SRAM cells are such example, requires circuit smula-
tor such as SPICE which is unacceptably slow for chip-level
large scale circuits. We have developed a behavioral transistor-
level simulator which is able to handle large scale circuits.
Here, first priority is speeding up the simulation run time for
large scale circuits, therefore circuit delays are currently not
evaluated. A very simple on-off switch is used for transistor
behavioral model, and signal transitions are propagated in event-
driven fashion. The tool automatically extracts clock driver cir-
cuits (clock-tree, gated-clock circuits) and inverter-loops in
SRAM cells, and prioritizes the signal propagations for each net.
This eliminates unnecessary race conditions and guarantees cor-
rect simulation results. In our experiment, an FPGA circuit
block consisting of 40,000 transistors is simulated for 10,000
clock cycles whose run time was around 1 minute.

H.263+ Codec LSI Based on System MSPA Architecture
C. Honsawek, T. Adiono, T. Watanabe, D. Li, T. Isshiki, H.
Kunieda

In this project, our proposed Memory-Shared Processor Array
(MSPA) architecture is expanded to Window-MSPA architec-
ture for image processing applications and System-M SPA archi-
tecture for System-LSls. MSPA architecture consists of proces-
sor array, multiple memory units and address generation unit,
and is designed to achieve high parallel efficiency, eliminate
overlaps within multiple memory spaces, and eliminate 10 bot-
tlenecks. Window-MSPA is targeted for image processing
applications where data on a rectangular region is processed,
providing an efficient scheduling scheme for the processors and
|10 interfaces. Window-MSPA is applied to motion estimator
for HDTV MPEG2 encoder. System-MSPA architecture is
developed for System-LSI consisting of multiple circuit compo-
nents. Its main features are the scheduling mechanism which
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eliminates behavioral dependencies among the different circuit
components, and high testability. H.263+ Codec LSl is devel-
oped based on our Window-MSPA architecture and System-
MSPA architecture.

Low-Bitrate Video Encoding Algorithm Enhancement on
H.263+ Standard
T. Adiono, D. Li, T. Isshiki, H. Kunieda

This research deals with the enhancement of H.263+ Video
Codec standard. Which includes: a new rate control algorithm
which reduces the processing delay and transmission delay and
minimizes skipped frames, a new quantization scheme for
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motion vectors and DCT coefficients, a new algorithm which
extracts human faces from other objects and significantly
enhances the image quality of face region.

Burst Error Recovery VF Arithmetic Coding
H. Chen, M. Kitakami, and E. Fujiwara

Data compression is widely used in storage systems and commu-
nication systems in order to reduce storage area and communica-
tion band width. Compressed data, however, are very sensi-
tive to errors. This study proposes error detecting Variable-to-
Fixed length arithmetic codes which is obtained by dividing the
compressed data into the fixed-length data and adding the inter-
nal states of the decoompressor to the divided data. The added
internal states are also used in error detection. The convolution-
a operations by linear feedback shift registers improve error
detecting capability. This aso proposes burst error recovery VF
arithmetic codes by adding check-bits to the above fixed length
data and the convolutional operations. Computer simulations
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say that error detection capability of the proposed error detecting
codes is 99.99%. They also say that the proposed error recovery
codes can recover 99.95% of burst errors and detect 99.99% of

errors which are beyond error recovery capability of the code.

Suspensive Deadlock Recovery in Interconnection
Networks
T. Takabatake, M. Kitakami, and H. I1to

In this study, a routing strategy for suspensive dead-lock recov-
ery caled an escape-restoration routing is proposed and its per-
formance is evaluated. In the principle of the proposed tech-
niques, a small amount of exclusive buffer (escape-buffer) at
each router is prepared for handling one of the deadlocked pack-
ets. The transmission of the packet is suspended by temporarily
escaping it to the escape-buffer. After the other deadlocked
packet were sent, the suspended transmission resumes by restor-
ing the escaped packet. Evaluation results show that the pro-
posed techniques can improve more than that of the previous
recovery-based techniques in handling deadlocks.

Fault-Tolerance of Functional Programs Based on the
Parallel Graph Reduction
M. Kitakami, S. Kubota, and H. I1to

Recently, parallel computing is popularly applied to many sys-
tems. Functional programming is suitable for parallel program-
ming because of referential transparency and is applied to sym-
bol processing systems and parallel database systems. Programs
of some functional programming can be regarded as graph and
are processed in terms of reduction of the corresponding graph.
This study proposes fault tolerance of functional programming
based on graph reduction. The proposed method stores the
received graph as a message log and the erroneous task is recov-
ered by using the checkpoint and the stored graph. The comput-
er simulations say that time overhead of the proposed method is
small. If checkpoint interval is 30 seconds and the number of
tasksis 3, for example, time overhead is less than 10%.

Reliable Cluster Computing by Checkpoint Comparing
H. Okamoto, M. Kitakami, and H. Ito

In cluster computing, the more computers are used, the higher
the failure rate would be. Since existing checkpointing schemes
can't detect the value fault caused by permanent fault, check-
point comparing schemes, such as RB, RFCS, FCS schemes has
been proposed. However, the RFCS scheme tolerates permanent
fault with dedicated spares. The RB schemes and the FCS
scheme can’t tolerate value fault by permanent fault. We pro-
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