OO0ooOooooOoooOoooooOoO0oDOoOO0O(DECO 4a00000OCOCOO0OOOOODOOODOOOO 80O
) 1ere e ) Sy (1)) RO 5 G P o Y T R S O S R W A
OO0O0vDECOOOOOSOODOOOOODOOOOODOOOOOOOOODOOOO0ODOOOOOOOOO(vLsy
oooooooovbECODOOODOODDODOODODMOooobOoobooboboooboooboobobmooooo
ooooooboooooobooovLsiooooooooooooooooooobooboobooobooog
ooooooooboooobooobooboobooooboobooboobobobooboooboobooog
gooooooooboooooboooobobooboooobooooooobooogbobon vbeECO O
ooodboooboobooooobOooboobooooooboooooobooboooooboooboobo
ogogno
ooooooooooogvbeECOOOODOODOoOOoOOoOooOoOooOoooobooobooboobobooobo
govbDECOOOOOOO0OOOODOOOO0O0OO0O0O0oonDoooooobooooovbeECOOODOODOOOOO
oooooooooooooudbooboboboobooobooobooboobooobooboobOobovbEC
gooobooboobbooboooboobooboobboobomoobooboboooboobooboobo
goodboobooobooooooboboooboooboobooboobooobooboobobooboobo
gboooboobobboobooboobobooboboboobobbobooboobon
goooooooooobooooboooobooobooboobooboobooboobooobooboobo
gooooooovbECOOOOOOOoOoooOoooooooooooboooooobooooboooo
goooboooboobooboobovbECOOODOOOOOODOobOooboDooboooooboooboooboobo
gooooobooooovwsioooooooooooooooooobooooobobooboooooboooo
dooobooboobooobooobooobooboovbECD OO ODOOoOoOooDOoobooboboooboobo
ooooboooooobobooobobooooobooooboboooobobooobooboooOovbECOO
ooodbooboobobooobooobooboobooboooooobooon

0012000

ooooooooboooobooooobooon
gooboooobnobmooooooon

JEL 4 - 2p



oooooooooon

O

O [0 [0 BB SO E e aanaanatannancs ooo o - i PR
1.01.0VDECOUODOO
1 B2 T e —
JL{0) &5, (@0 Ol Ol O

WREFC) O B0 EIOEERYARISEIT] (O O] [0 . qasaans a0 o
2.0 g VISR, [ [
2Bl HLEADRBRIN | [1 [ L] ]
2.3 HaESESFINE [ [1.[5]
23RS [ [ O [/
ZARRSHNIN| [ [ [ [ o] e=iSmEmnme] 1. -1l

OO0 00O O O O e o e e
3. 1. SR ]
3.0 2. EeE ]
ERERe T 10| &) IDHE

LR - 1 2T ] AR, [ AT e

CIN S E RO, 1] TR ] (OO IO g o o P o
SAB L) OO L
HER2AN AR AR ERT O
Sy RN EER PSP (] (O] (W] | O

g1 (0 100 (0T o O T RS T o T il

ol b DAY

A A A

A






A QL

~

EEm O 00 O VDEC O

1010 VDECO OO O

gvDECOODUOOODOODOODbOOoDObobOoDbo
gobooobooobooboboobooboooo
goboooobuooobobooboboooboo
oo, 0b0b0obobooooooooond
goboooobooobboobboooboo
gbobobooboooooboboboboboo
gohgloboooooooooobooboonog

10200000

VDECU [J

bbb monoobogoooobod
goooooobgbobobooooobooobd
vhDECOOUOOOOOOoOoDoooooooooDog
goboopoooooimmboobogbooobaod
govbDECOUOUODOODOODOODOoOOobooboo
gbobobobobooooomoboobonDog
goboboboboboovbeECcOObOoboooo

ooooboobobobh 0 00 0obb122o0o00b0oobgoobo

gboooboobobooboobobbo12zo000b0o0oboOobDoo

b0 o0o0oobooboobgooobo
ggoboobooooooboood
ggoboobooooooboood
gbooobooboobgobooooboo
ggoboobooooooboood

ooooboobobobooboobgoboboOo 12000000

goooboobobboobooDboo

oo0oobooboboboobooobgboboo 12000000

oo0oobooboboboobooobgboboo 12000000

gboogboobobbooboobgboo12000000

000 00obooobooboboboobooo12o0000b000b

000 00obooobooboboboobooo12o0000b000b

b0 o0o0oobooboobgooobo

000 00obooobooboboboobooo12o0000b000b

ggoboobooooooboood
g

g b0 odooooboboogobbboooooobooboooouooooo

gogoboboooooboobooogoboboooooboobobboooouoboobobobooo

gobooboooobooboboobooboobooboobobobobo



u'\?ﬁn ds

goobuod 0Oo0oo0o0odd

gooooo ooobbb ooobbobd

D"
adiRdin

gouooob oooobbb bDoboogdl

2

ouobodbd poooogo oooool

e O

dih

oooddd gooooo DDDDD

goboooo

<4



)

fﬂj>hh

DDDDDDDDDD\lDDD

goooo
goooo
ERERN
god
ERERN
ERERN
god
ERERN
ERERN
god
ERERN
ERERN
god
ERERN
oo
god
ERERN

o000 0O obobboboobooboobobobooboobooob
ggobobobboooooobobbooooboboboooonon
ggoboboboooooobobbooooboboboooooobobooog
goooboobobbooboobooboboobooboobon
ggoobobboooooboboboooooobooboboogda
ggobobobbooooooboobbooooobobboooon
gbooobgooboboobooboobooboobooon
gogobobobbooogobobobbooooobobobooao
ggoboboboooooobobbooooboboboooooobobooog
gbooobgooboboobooboobooboobooon
gogoboobbooooobbobooooboobobooa
gogobobobbooogobobobbooooobobobooao
gooobooboboboboboobooboobuoobooboo
ggoboboobbooooooobbooooobobboooooobooobo
gogobobobooooobooboooobboboogd
gboooboobobbobooboobooboboobooo
ggoobobboooooboboboooooobooboboogda

Jodououdi1i1gof

goooo
god
ERERN
ERERN
goooo
ERERN
ERERN
gooooo

goob 0 oboooobobboooobobobooooooboboooon
goooboobobooboobonboo
ggoboboboooooobobbooooboboboooooobobooog
ggoobobboooooboboboooooobooboboogda
gboooboobooboboobooboobooo
gogobobobbooogobobobbooooobobobooao
ggoobobboooooboboboooooobooboboogda
googboobobooboobuoboboboooboobo

god
ERERN
oo
god
oo
oo
god
ERERN
oo
god
oo
oo
god
oo
ugn
god
oo

oo
god
oo
oo
god
oo
oo
god



1030 0ooon

gboob1oogog
O

ooooooo 66,893,567 ] ooooooon 143,539,0000] O
ooooooo 674,0000 O ooooooon 96,642,0000] OJ
O00G0ao 746,00000 0 Oo000Qgao 75,900,0000 0O
oo

00000100000000000

HoanEo 0oooooooooo oooooo|0ooooog
oooooo
00000 000000000000000000000000 0000AQR) 1,50001
0O000D0D000000000000000000000000 0000B@) 4,2000]
O oogooooo 0 0
00000 00000000000000000000000000 0000B(R)C 7,3000
O 0000o0o0ooooooooo O 0
00000 0D000000000000SOI MOSFETOOOOOP 00O0B@) 3,500
0 00000000000 O U
00000 000000000000000000000 0000AO 30001
0 visSIDOOooooooooooooo O O
00000 0000000000000000000000 OOOOA 1,0000]
0g 17,800

godobbnoogoooooo

googog

gooobgoobooo oooooo|ooooodn
ooogooo
O 0000 g uLsiooooooooooo gooono 13,0800
0O000D0D0O 0OD000000000000O0O00O0O0O0ooooop O0oood 714

oboofdlnoooooogn
goooboobooboboobooobon

goomoooooooooboboon
ooomobooboboobooobooo
goomobobooobooobooboboooboobooo
oboooboooonog
gbooobooooLsibgboooboooLwsiooboooon
goomooooDoo
gooobmobooobooLwsiocogogooog o
goomobgoooooo

ooooomoo U
ooomobooooboobo
ooomobooboooooooo

00O 00 11,750,00000 O




™\

\ i I'- S
00010000ooooooooomvLsioo
000000 00ooomcADODOOOOoOooooaa
000D o0o0o000o0oOdooooooooooon
00000 o00ooooooooooooooooa

gLSiocogoooboogobooovesioogod

VISIDF T

P = iF
XA LS

K- TSN ER

B
ET*' “./"F

[

WLEIF o T L T -
BirF—2

[ .-'I*'.‘J:r..r'-L'Hl
L A S R TR
ML eF o FOmE

CADYFRIAETF—A

T

0 vDECO O OO

gocADODOObDOoOobOoomveLsioooooo
gmoboobooboooboobooboobogoo
gbbz21000vDECOODOOOODOOOOOOO
gbo1ungoooboooboooobooo

FREA—N—
T Ty
Ertair—n

'-'-—?-'*—'E.i:h
:-'EI!.I!I.I;JET.& Bt Eﬂjﬂ

o FARTASA—H—
/ awuF s TEET
IR ETEIR L F 21
oE

[ | FdsEer -4 U]
ARy rrbkTas
mnEHTr—F

HH:PEREHY -3

#H VLS & oD
i e b ?:Ijﬁ})’y/
. L] i

go.ggvbeECcOdgogogg

Jooogvesigooogo

gbz220vDECOOOOOOOOOODOODOOOO
gbooooobobooboboboobobooo
googoog

gvLsSIDOOoOoO0D0O0006,70001994,19950 0 0O
gboooooboobooboboogoooboon
NELDO CMOSO5uy mdODOOooooooooo
gogobobobboooooobobbboooooobooon
gooobobooboeenbdnod vbECOD OO
gooobgoobogoceMostizy mbodO 12000
gbooogbobooboboobooboooobon

gooooooooboobgonoDbcecMOS0.6p mO
gobooobooboozlobOOobOOOObOODO
CMOS 035y mOOO 1100000000035y m
gooobooboooboobbooboobon
gbooobooobobo

OO022000000000000000D00DO 2.2
O oooOoO000ooDooo0moooooog
gboogboooooobooboboboobob
gboogboobobbobooboobboobo
22c)0000D000b0bCUO0O0oUbOoOOooOo



gboobobooobmoboooboooboboan

gogo

gbod2300b0ooobooooooboono

R T 000000000000000000000000

z = 00000000000MO00000000000
Dad00000000

0000000D00000000000000000

BHIILE mETkp-% A=

B WOo-A0EE oobooboooobgozzrobooooooobon sy

gbbgoboblo0ooboog2sbonooonogon

o . e |
i, 140 p1ag
Ob0DODODODODO
120 T
100
B AT W O=% o=
BI W O— AT L

]
. | - %
gnn:c: = a0
Lo L_—iE_

! 20

b K
OcO0OO0O0ODOO0D0OOODOODOODOODO

go.ogvbeECcoOooooooood

Dodl1igobooboobood
00110000I2100000000000000

gb.0gvbeCcOOODO0OO0O0OO0OO0O0OOl

gboobobooboobo

gbooobgoobobboobod

gboobooboboboboobobboosod

go.0 bogoggooo

gooooo goooboon ogoogoo

ool1pooooon

oo1npluoogo

CMOS 0.6y m2P3M O O OO

oo1pooo2so0

00120002100

CMOS 05y mi1P3M OO OO O

oo1pooo2on

001200011600

CMOS 0.6y m2P3M O O 0ODO

oolpioooon

001100011304

CMOS 12y m2P2M O 0O00O0ODO

o01po1oo0oo

o0d120b000d

CMOS 0.35py m2P3M O D0 00

ob110120000

oo12000000

CMOS 0.5y m1p3M OO OO O

ob120001700

00120001500

cMosuonooonog o035u miPsSMOOO

00120001400

00120001500

CMOS 0.6y m2P3M OO 00O

ob12000000

gb120002100

CMOS 12y m2P2MO0O00O0ODO

O



\_ o,
gobooooooodn
OVDECOOODODDODOOO0O0D0D0D0O000LSIO 00000000000000000000VDECO
DMO0MO0000000000000O0OVDEC 00000000 0000000MmOoonooooo
OO0OVDECOO CADOOOODODODOODOOOO ooob22000000000000

ggoobobobooooobooboooooooboog

go.ggooobboooooooon

ooooo oooo oooo ooooo ooooo
oooboo OSsynopsysD DO OOO0OooOoonO ooooooo
P2lib ooooood OVerilogXLOOOOOOOOOooooOooQ ooooooo
! oooo OCellEnsemble0 0000000000
http://www.vdec.u-tokyo.ac.jp/DesignLib/P2lib/NELO05/index.html
HHSI NEL[D.5u m ooooo OSynopsysD OO0 O OOOOOOO ooooooo
oooooo OVerilogXLO OOOOOODOOOOOOOO ooooooo
OvHDLOOOOOOOOooOooooooo
EXDIlib 0 AquariusXOO ApolloXOO O OO0 O OO0 O OO0
ooooooo
OCellEnsembleD OO OO OOOOOO
http://www.vdec.u-tokyo.ac.jp/DesignLib/Kyushu/NELO05/index.html
oooboo OSsynopsysl DO OOO0OooOOonO ooooooo
P2lib gooooooo OVerilogXLOOOOOOOOOoooooOooQ ooooooo
! oooo OCellEnsemble0 D OO0 00000 Og
http://www.vdec.u-tokyo.ac.jp/CHIP/DesignRule/MOT15/rule.html
MOTL1.2y m ooooog OSynopsysD OO OOOOOODOO
VDEC OVerilogXLOOOODOOOODOOOOOOO
EXDIlib O AquariusXOl ApolloXoO O OO0 ooooood
ooooooo
http://www.vdec.u-tokyo.ac.jp/CHIP/DesignRule/MOT15/rule.html
goooooog OCellEnsembleD OO0 00O OOOOO ooood
oooooo CellEnsemble O
EXDIib ooog
http://www.vdec.u-tokyo.ac.jp/DesignLib/TUT/ROHMO06/index.html -
ooood OSynopsys0 OO OOOOOOOd
VDEC OVerilogXLOOOOOOOOOOOOOOO
: 0 AquariusXOO ApolloXoO O O oo oooood
EXDIib
ROHMO0.6py m Oooooooo
http://www.vdec.u-tokyo.ac.jp/CHIP/DesignRule/ROHMO06/rule.html
OSsynopsysD O OOOO0OOOOO oooooo
OVerilogXLOOOOOOOOOooooooOooQ ooo
oooooi OvHDLOOOOOOOOOO0OOoO0O0oO
noooood OApolloXoOOODoooooooQ
ORAMOROMOOOOOO
CDROMOOOOO
ooooo OSynopsysD D OO OOOOOOO
VDEC OVerilogXLOOOODOOOOOOODOOOO
EXDlib O AquariusXOl ApolloXoO OO OO0 oooood
ooooooo
http://www.vdec.u-tokyo.ac.jp/CHIP/DesignRule/HIT35/rule.html
000.35um
OSynopsysD OO0 OO0 OOOO ooooooon
OVerilogXLOOOODODODOODOODODOOOO 0 0 0O ApolloGAL
ooooog 0 AquariusXO[ ApolloxoO OO o ooooon |BO000
oooo ooooooo
CDROMUOOOOO
ooooo OSynopsysD 0 OO0 O0O0O0O0OOO
VDEC OVerilogXLO OOOOOOOOOOOOOO
EXDlib O AquariusXOO ApolloXoO O O oo oooood
ooooooo
http://www.vdec.u-tokyo.ac.jp/CHIP/DesignRule/ROHMO035/rule.html
ROHMO0.35u m
OSynopsysd DO OOOOOOdOn oooooo
OVerilogXLOOOOOOOOoOoooooOooQ ood
oooood OVHDLOOOOOOOODOO000o000
oooood OApolloXxoO O OOODOOOOO0O
ORAMOROMOOOOOO
CDROMOOOOO




gbooboboobodobodobodabgadn
000100000012000000000000 0000000000000000M000000
0000000000000000000.35p mOO 000000000000000

noooooooooooooooogooogoo oo00ooboobooboooboboooa23002400
gboooboobobobobooboobuoobo 0000000 DO000ooo0ooo0nooonDon

goobobobbooooobobobbboooooon googos0bgobobooobooboobon
gbooooooooos3sy mbooOoooooOoO oo

o.0 obgo3dsuy muiioooobougoaad

U0 oboobobgobooboo O bo
googn
goooo gooon
O gooboon
ooooboooon googon
goooo googon
goooo googn
goooo googooo
goooo gooon
goooo gooogn
gooono gooooo
goooo gooon
goooo googon
goooo googon
goooo googo
goooogo gooogo
gooobooboobooobg ooooo
gpooooon gooon

go.0 oooooo3ssymibbouoooooooouooood

U0 oboobobgoboooboo 0 oo

gooono

oooooooooo

gooono

gooon

goooboooon

gooooooogo

goooboooon

goooboooogn

goooo

googoog

goooo

googo




Q-

ZDZDDDDDDDE’DDDDD

gbgooooooboobo cADODOOooooono
250000 240000000000 1000000
goboboooboooboobobooboobo
oboooooooboooogocADODODOoDOoon
gbobooooobooboboboooboboon
cADOOODOO0bDOoobobDbooboooobon
gobooboobooboobooo

goboooobdg cADODDOOND e000 0O 1000
goboboooboooboobobooboobo
gobooboboobooboobobobobg
goboboooboobovbECO cCADO OO OO

ooooo
gooooo

002100000000000000000000
000000000000000000000VDEC
0000000000 @OOOOO0,000(0O00
0000000000 CADOOOODODDNOO0O
000000000000 250000000
00260 CADOOODODODOOOOOODOOOOO
00000000000000000000000
000000000000000000MO000
0000D000000000019980000000
000000000000000000000000
0000O000000000000000000

oooooo
oooooo

goooo

00000 ggooooooo
Oooof0000000

goo0oooOoooooo

Uo.0 obogogaddl

0.0 00000 cAbDOOOOI

googo

O
O

Cadencell 00000 00| Verilog HOL/VHDLO O OO OOOOOOOOOO
O gobobboooobboooobbooobboo
goobbooooboboooobobooobbog
gobobboooobboooobbooobboo
gooobooobooboobooobooooboono O

googoo goon

Cadence Design [

Systems, Inc.g

O

0 oooooo

Synopsys0 0 0 0000 I verilogHDL/VHDLO OO OODOOODO0O0O0O0O0OO

Synopsys, Inc.[]
O

googoobooooo

D0000d0oooooooQooOOoooOobOo0obOOobOoobOOobOooboOono

Avant ! Co.O
ad




HEB (A
=88 8 8 8

[Emoi¥e anoxys|

e O 1

L 85 1] a9r a3 o)
& K
ObOOOOOOOOOOOODODODDOO

944 gk 26 ar 28 g9
g H

W CADSLRAWREMN|

alOdogooooo

a4 55 a6 or o938 99

& &
OcOCADOODOODOOO

o.obobootuoboboogocAbDUOdgoooon 4

B Cadence®@X [ Cadencefls

B SynopsysBX B Synopsysills
@ Avanti$ B Avantiils

3,000,000
2,500,000
2,000,000
1,500,000
1,000,000

500,000

0

94 25 a6 ar a8 99
g H

go.otuoooooouooood




e o P ]
:

B b ’

he——m

| - "

P>

™\

Oo0o0oooomao

gLsiogboooboobobobobooobuoobobbooboobooonooooocADOObDgoonDo

goooobogooboobooobooboobbooboobbooboobboobOoobbooobobo

gboobuoobooboboooboo

OcADUOOODOOoooooond

cADODODOOOO0OO0OO0O0OODDOOOVDECODO
000000 Cadence, Synopsys, Avant! 000000
cADOUOO0OObOOOobOoobOoobooboono
gdodooooobbobobboooouooooooo
vDECOOOOOOOoOoooooooooooboo
goobooovbeECOOODODOUODOOODDOOomoOo11
gooboooooobobooooobbboooog
cCADOUO0O0O0DOODDOODbODOO0ObDOnOD VvbECO
00000026M0O000O00D0OO0O0ODODOCadence
JoooonoDdSynopsys OO 0OOOO DO OAvant!
gobooboooboovbECODODODOOODOODOOO
gobogooooooosooooboboooobon
ooooboboboovbeECcOOOooooood
viSiooooooooooooboooobobooo
goboobooobooocADODObDOOnoDoonDgon

O0D0D0000CDO0O0OO0OQ0DOO0O0OO0OCadence,

Synopsys, Avant!, Star-HSPICE D000 0OQ0OQOOO

goboboobooboog2e@bod CADO
gobooboobooboobobbooboovbEeEC
gbooboobobobouoboboboobobo
gmgoboboobooboobobobooboo
goboobooboobooboobooboobooo
gbocADOODODOOO0OOoOooDoooooooboon
gobooboobooboobuoob cADODOO
gobooboooboooboobooboboon

go.0 bbl1iggcAbUduouoooogoadd

ooooooooon gooooo

oooon

ooooo

Cadencel Layout Editor0 O O O O (ParameterizedCellO) O
000 00000oouoo0o0ooo10fp 500
OMooobdstreamd OO
Cadencel CellEnsemble 000 OO 000 MM OOOOO0
00o oooogobolnoooiliooi2o0p 500
ooooomomoooboooogoao
Od0o00o0o0oooooboooodndnDe-
Synopsystl D OO0 OO O110001700190 0 500
sign Compiler,vVSSO OO OO0OOODOOOO
OodooooooOodMmilkkyway O0O0OOOO
Avant! (000O0QOOMUO0013001400 50 tryway
OO00OApollocD0O0O00OODOO0O




goooooboon

goooog

goooo

googon

Star-HSPICED O UOD0OO0O0OODOOO0OOODOO

IS-Itglr?-ICE 0000Q0012000000000 20 (00000000000 Star-HSPICED OO0
goooo
DesignCompiler0 000000000000 Chip

Synopsysl 00 0000120002200 240[1 250 Synthesi20 0000000 O0OVSSOOOOO
dooooooooooooood

O g 0 Physical Design and Verification:Diva,Draculal]
dodoboooooooooooooobooo

Cadencel | D000 OO1200027002800 250 O0000000O0ooooooooooon
Ododobooooooooboooooooon

O 0[O : 0oooo
dodoboooooboooboooooooon
Oo0o0oooooOMikywayD OOOGOQOO4dO

Avant! |0O000Qo01000%00310p 25 |DApollelDDOOOOODOOOOODON

OO0DO00O0OO00OO00OOoO0C0ODOoonApollo-
GAOOOOOoooobboooooobobooo
oo




| L \O--p
O

0oo0oO0ooooodo ooooon

gbobi1100120 1000001000000000 ooooooooao
gbooboobobobouoboboboobobo HDLOOOOOOO
gooovwsiogboooboobobooobogo oooooooooo
goboboobooobobooboobwvesiooo (12/20 12/400)00 O
gbooooooobomooooboooooDoobo ooooooooono
gobobooboobooboboo2y@moon 00000021512/
gobooboobooboobo@mobooobgoon 6000000000

viSiooodooooooooooooobooo 100 oovLsioooo
ooooooooooooooboooooooon 6,1/700000000

0000000000000 000000000000 ooooooooon
0000000000000 O0(EIA)IDODDOOLSI 000000000000 000000000 130
ooboooooo(vsAC)ioopoooooooO 0oooOovesSIDOO0OO0O0OO000000CADOO
Ub@TARCII OODOOobooboooooooon 00000000000 000000vLSIoDoOoDn

! IDDDDDDD 000000000000 000000O0o0oooOon

-1; g vesio gobmooboobooboboobooobgoon

ooooooo s5000000000100000000200000000
ooooooo 000000000000000000 30000

goooood gboboboooooooooooogsebobn

.. ogoooooo O00000o0ooooooooo

o.ggdooobbgoogooobbogoooog |

ooooboonhob 0O boopOoOobO OOobDOo0oboopoobogoooboobOon

ooooooooooo VLSIO OO OO O Verilog-
O0oooo 001100 oo0o0o00o0oO0oOoOoooooio HDL,VerilogHDLO 0O O O
HDLODOOO000| 0 nnggpg B2000000000 50 |FPGADDOOODOOOD
0000000000 0OooOooO0oOoooo 000000000000
ASICOOOOO0OOOO0
oooooo 000000 0O0O0oon
JoOooooooo 001100 O00O00O000D0DOoOq
01500160 g2 2000000000 5 |oooooooooon
ooooao Ooooo0o00ooooooon
00 oOooooooo OOoOooLwsIoOooono
oo ooodoodod 0000000000000
oooood 001100
oo booodo 100 |0000000O00OO0O0

ooovisioooog 1202400250000 gNTTOO

goooooboo
oo oOooboo




gooboooooboooLwsigoooooooooo

odo0oOo0oboboooboobobOoo vbDECLSIOO
00000000 (VDEC LSI Designers Forum) O
goooboOoOvVDEC LSIOOOOOOoOooOooono
LSiIDoobooooboooooooobgoobobon
ggoobobobboooooooobobobnbobooo
goobobobobooooobooboboboobboooa
ggoooboooooooboboooouoobooo
gogodooobobbbooooooonoobnD g
gogbo2s00d2e0000000ooboboooa

OMVDECLSIDODODOOOOoODOooDmooboooo

g0i0bdooobmoobooobuoobooo
0000000 IEEE Solid-State Circuits Society, Ja-
panChapter 00 000000000000 ODOOO
oooobooobobobobooobouoobuoiovbEC
dooooooooobobovbEC LS ODOoOoQOoO
0000000000 (ISSN1345-3882)1 00000
0@oboboooboobobobomooboobo
goooboooooobobboooooobbboo
gdbgooobbbuooooobobboouooooa
ggooboboooooobobbooogoobooboog

go.0dddlroooboggd

oo2s500000

100 300 110 300
O

gogobobbooooobobbooooobboooon
gooooooboooon

gooooooboooo
O

130 000 140 2500

goooboooboooobgooobgooo

gooobooboooogoon

130250140350 |vDECOOOOOODOOO gooon
140500160500 (ODOO0OOODODOOOO U
O goooobooobooboooo gooon
O oboooooboooobobooooobooogoo |0
180300210000 |OOOO gooooooooooooooooo
210000000000 |ODOOOOODOOOO1GO000 gooon

g ooz2e00000 O
poooon 120000 (ODOODOOOODODOO goooooooooboooooooo
130 000 150 000 | Excursiond gbooobogoooobooon

O
O




gb.0dbl1agagvbeCcLsioogoooooooooooogd

O.0000000vVDECOOOOO

ooodooopooocooooLLsoooood

goobobogooooo

vDECOUODOOOO

gbooboogooboooo

vDECOOOOUOOOOooooooooogoo

goobobogooooo

vDECOODOUOODOOOOoLSIobooogooooooboooo

obooboboobooooon

g.oobobooboooo

O

goooooboobobieogobsPOn OO

gboobobooboooooooo

U gboobobooboooooooo

g gboobobgoooooobobgo
ooobooob0oboboboooooboboboooon ooboooboooon

g gbooboboooooobobgn
oooboooboboboboooooboboboooon obobooooon

U gooboogooooogoo
oTADUODODOO gboobooooon

U gboobobooooooobo

ROHMO.6py mOOO0OODOOPLLOODOO

gboobobgoooooobobgo

ooobooob0obobobooooboboboooon

ooooooooooon

PCAOOOOOOOOODOOODOOPLDO
d

gboobgooboooon
oboobOoboooooboobobgon

gopooomMosoooooo-sePICEHOOOOOO-O

gboobobogoooooobobgobood

Micro Strip Gas Chamber0 0 OO QO OQ0 00O

gboobobooooooobo

coooooooooooooooboooooooo

gbooboogooboooo

g gboobobgoooooobobgo
ooobooob0obobobooooobobonog oboboooooon

U goobobgobogooooooo

g oboobOoboooooboobobgon
goobooooADDOOOO0OOO0OO0ODbODOO0bOO000 gbobgooboooooooboobg
g gbooboboooooboobobgon

gooooobA>xADOOODODOODOODOODO
g

gboobobgoboooooooo
gboobobgooooboobobgon

A High-Speed CMOSO Track/Hold Circuit
O

I

Moohd Asmawi MOHAMED ZIN,O

Haruo KOBAYASHI,O

Kazuya KOBAYASHI,O

Jun -ichi ICHIMURA,O

Hao SAN, Yoshitaka ONAYA,

Yasuyuki KIMURA*,[

Yasushi YUMINAKA,Yoshisato SASAK

Kouji TANAKA* Fuminori ABE*[J
1000000000*00

gboboboooooooo

I

gboobobooboooooooo
gboobobooboooooooo
1ooooooo

0O Ooo0oojoooogogogogo



000oDoOooooooooDooGcGAAOODOOOO Oooopooooo*xCooooon

O ooooooogoo

g Doooooooooa*d O

0.000ooog a0

gooooOoooOobcoOoOoOoOoOoOoOOOOOOODOOOOOOODOOOOOODOOODOODODOO

Joo0oooooooopPwMOOOOOOO oooooooooo

O ooooooogoooo

Cadence/Synopsys 0 O O O Mixed-Signal LSID O O 0O goooboboooboobon

gogdgbos3spy 0bOooooboboboooooboboog ggoboboooogd

O Oo0ooooogooooogo

d000oo00O0O0O0OO0OO0OO0OO0OO0OO0OO0OO0O0O0OO0OO0OO0OO0OO0OOOO|ODOODODOODODOODOOODOOO
oooooooooooo

gbobbooooboboodanon
000000000 165000000000VLSIO0000000000000000000000000O0
000000000000VLSIDOO0000000000000VLSIOD000000000000




) e
B
O OFEFE O CPEEN O SseE O O

gvLsiogoogobooboooooboooobooo
gooboobooboobobooboobooOm o
oboooooboooobooboooOomooDbo
gobooomoboobobooloooogon
gobgooobooboobobobooocADbOn
ggoobbobbooooobobobboooooo
ooooodOdOwebOOOOOOODOOOOODOO
goboooboobobooboooboooboon
goboboobooboobooboboooboo
googoboebroMogoooooooboooogon
U110b0mQeAl D ImMbO 270000000

ooboooooo
Q&AWebO O OOO[D

oooo

DabQ&Al U D OOOU

go.0iQsAl b oo

gooo

oooooooooono
ooooooooboooo <
wwwooooo

goob120000000000obboooooboog
goooooooobobboooooobboooog
Jd0oooDoo0OD0O0OOFAQ: Frequently Asked
Queston 0O O0OO00ODOODOOOODOODOOO
gdddb@3nbooooobbooooobOodwves
ggoomoboooooooobbuooooooobog
gogvbeECOOUOOODODoODoOomooobooood
doooooobbbbboooooooo120d
gobooboooboooboobobomyvbECOD OO

goboobooobooo

gobooboobobbooboboobooboobgoon
VDECWebO OO 0O[

— ||||E

oooo wwwooooo

ooooooo

WebOOOOO

ooboooooo

oooooooooo
ooooo
WebO OOOOO

oooo

oooo

ooooooo

WebOOOOO

oooooooo

oooooooooo
ooooo
WebOOODOOO

il

oooo

oooooono

=

ooooooo

ObOQ&ADDOIDOOOODO



bbb obgn

OvDECO D OOooooooobooooooDo
goboobomooboobobooboobgoo
goboobboooboboobbooboobmob 21000
gbooooooboooobomoooooDo
goboobomooboobobooboobgoo
gobooboobooobooobooobooobon
gbooboooobobouobooboboobgobo
gobooboboboboovbeECcOODOoOooDooDoo
goboogboobobbooboobobooboo
goo

goboobooboboobooboobobooogo
goobooooboboobooboboobgoobo
goboobobobooboboboobooboo
LSioooooooobobooooooobobgn
gobobooobooboobobooboo2sdn

goboboooooobbooogooobbooog

LSiooDooooooooo@29)000o00ood
goboovbECODOODOOoOooOOobDoOobDooobgoo

goLsSigooboooooooboooobooobgon
govbDECOODOODOoOoLSioboDoonooooboo
gobooboobooboooboooboobgoon
gboooooobooooobobmoooboobo
gobooboobooboobomobooobogoo
goLsigoooooboobooooobooboooo
goLsiogogoooLwLsiooooobgooon
ggoobobobboooooobobobboooooo
gooobooLsioDgoogooooooooboon
goboobooboo
goboboobooboobmobobobooboo
gboQrFPUODOOOODOODOLOOOOODODO
goQrFPOOIOOIOOOOOOOOOODOODOODO
goQrFPODOODODDOOD2mmOOOnDOn
g0o0Doo000DOOo0o00oDOoO000mOOweb
gboboooobobouobooboboobgobo
goood

Oo.o0booooogod




U010 Dobboooogoooood

000000000 O00000000pPO000 000000000000 |0000000|0000000
O00000000 |100MHz/200MHz3200 000000 0000 ITS9000@vdec. |
LSIoooo:o 000D000000000000 u-tokyo.ac.jp
ITS9000EXa 00000000000 VEDCD O
00DDD0O0O0000000000
00DD0D00O0000000000
0000
EBOOOO:O 0000000000D000O00| 0000 IDS5000@vdec.
IDS5000ZX oo0oooooooooooon u-tokyo.ac.jp
000000
DOLSID00D000000000
00D0D000000000000
OO oLsIo 000000000000
00oooooon
ODODODOFBO |LSID000000O00000O0O00| 0000 IDSP2X @vdec.]
IDSP2X oo0oooooooooooon u-tokyo.ac.jp
00DD0D00O0000000000
0000000000000
00000000 |000000LWSI00000000 | 000000| VDEC@vdec.O
PM-90-A D0000000000000LSIH| 00000 | u-tokyo.ac.jp
00D0D000000000000
0D000O00O00VDECODOODOO
000000000000000
000000 000000000
000000
OO0O0ODORFODO|DCOODODOOOOOODOOOO| 00000O|VDEC@vdec.O
OD0D00HP4AL6.0|000000000000000| 00000 | u-tokyo.ac.jp
HP4284.HP...Etc 000D00000D00000000| O0VDECO
0oooog
000000000 |000000000000000| googoog
O000OOCascaded OO0 D DOODDODOODDOOOO Ooooon
00 000D000000000000
000005GH0 0000000
. 0000000000O0oo0ooon
000000000 |000000000000000
00O00RFDO DO00000000 |0000000000005000
ooooooo O00000KarlD (0200000000000
Sussd O 0D0DD0D000000000000
ODOoO0O0GPIBOOOOODODOO
00000000O0o0ooo
O0000000 |DoooOOOooo2koooooo| U000 VDEC@vdec.O
ooooooo u-tokyo.ac.jp
Qo000 0000000 DoDO000o0Do0Doooop| 800000)EOLEB@vdec.
A 000000000 |000000000000000 | 000000] utokyo.acp
JBX-7000SB DooOoooooooooooo| 000
000000000005 m
O odFBO FIBO O OO 000000000000 oOon ooogooo| SHFiB@vdec.d
goooo SMI9800MSP 000000000 o0o0onoooomd0Dono| u-tokyo.ac.jp

goo




B (0000000

31000000 11000

googogn

googoog
gooooo
googoog
googooo
gooooo
googoog
googooo
gooooo
googooo
googoog
ooooog
googoog
googooo
gooooo
googooo
googoog

googogoo

googoog
ooooog
googooo
googooo
ooooog
googooo
googoog
ooooog
googoog
googoog
ooooog
googoog
gooooo
gooooo

od
O000000000000000000000
od

00000 AVANEXDO
O0000DD 000000000 000000
oooo
U00O0Ooooooooooo
O000poooDooooooon
U00OOooo TDKO

oooo

ogooo

oooo

U00OQOooo oooooooooog
O000oDoooooo
U00O0Oo0ooDoooooooooo

O00Oooooooo

RN

ao

RN
U0oooooooooooooo
ao

U000oooo oo oodg
goono

gooo

goono

goono

gooo

goono
Ub000oooooog

O0d0oooooooo

gbooood
gbooood
ooooog
goooog
gboogog
ooooog
goooog
gboogog
ooooog

googo

ooooogd
gbooood
gboogog
ooooogd
gbooood
gboogog
ooooog
gbooood
gbooood
ooooogd
gbooood
gbooood
ooooog

gooon

ggoooo

googo

ggoooo

goono

goono

0000000000 000000
U000opoooo oooooo
b000oooooog
0000000000 000000
U000opoooo oooooo
000oooooo

0000000 ooooo

oogd
oo
OO0O0O0Do NECO

goon

goono

b00ooooooog
O0000oooooooon
U0000000000000000000NECT
goono

aoon

goono
d000poooooooooooog

O0000oooooooooooooo

ggn

ggn

Mo0oo00o0ooo0oUoooooooDooooooooog

gooon

ggoooo

(mooooom

goon



A QU

30200000

oogogo
[ http://hoh.t.u-tokyo.ac.jp/)

goooboooboooboooooboooobooo

oooo,000,000,0000

oooooooooooooooooobocooooooon
ooooooooocoooooooboooovwsioooo
goooooooooooooobooooooOoooooDo
ooooooooooooooooboobocooooooon
oooooooooooooooobocobobooooooon
goooooooooOooooboooboogceMosonooO
ooooooooocooooooobocoOoooooooo
oooooooooooo

obooooooOoboooooooboobooooon sol MOSFET

oooo,0o0o0,000,000

goooooooooooooooOoOoDODODODODDDOD
ooooooooooooMOSFETOOOOOOOODOO
OO0OO0OpsSiODSOIDOOOO0O0O0OOOOOOTIOODO
oooooooooOooooooOoOooooo0oly mO
ONiOOOOpOOOOOODBOCMOOOOnNOOOPODO
ooooooooooooobooooooooobooooo
ooooooooooOooooooo

0 O Physical Architecture for Ultimate VLSI

K.Hoh, M.Fujishima, X.-Y. Han, and S.Nishimura

Considering VLSI as the multi-layered system with composite ma-
terials including interconnecting metals and interlayer dielectrics,

the approach with physical and system descriptions unified is of
great importance. This year, spatial distribution and temporal changes
of temperature in a chip was measured with the IR thermometer for
the CMOS ring oscillator we have fabricated and the sensitivity and
the resolution of this measeurement was evaluated.

0 O SOI MOSFET with Schottky-Contact Source/Drain

K.Hoh, M.Fujishima, K. Matsuura, and R.Tanabe

MOSFETSs on SOI utilizing Schottky contacts at their source and
drain were developed aiming the realization of ultimately short chan-
nel length. Ti silicide was used for source/drain and p-channel de-
vices were fabricated with Ni gate while Cr gate realized n-chan-
nel, both with the gate length of 0.1 m. Their static I-V charac-
teristics were evaluated and the improvement of their performance
and further scaling-down of their gate length were discussed.

oooooooog
oooo,ooo0.,00o00,00000,000

0 O Chaotic Phenomena in Integrated Circuits
K.Hoh, M.Fujishima, S.Kitazawa, Y.Aihara, and A.Imamura

ooooooooooooooceMosUOoooooooDOo By using the CMOS chaos multivibrator (CMV) we have developed,

ooooooooooOoooooOooooboobOooooon
gooooooooo0oOoooooooocooOooooo
oooooooooocoooooAbDCOoOoooooon
ooooobooocoobooooboooooooboooooo
goooooooooOoooooooobooooooo
oooooooooooooooooooAbDOO0OOOO
oooooooooooooooobocobobooooooon
ADOOOOO0O0OOOOO0ODOOOOO0OOOOOOn
oooooooooooooooboobbocooooooo
ooooooooocoooooooon

their coupled operation was experimentally examined. Patterns which
appear in their coupled operation were analyzed and the cause of
their appearance was discussed. Besides, the chaos-generating na-
ture of the pipelined AD converter was studied. The relationship
between the sustainability of chaotic output, the shape of the return-
map function and the conversion accuracy as an AD converter was
clarified. Based upon this, the algorithm of on-chip adjustment of
the pipelined AD converter for the maximum conversion accuracy
was experimentally demonstrated which utilized the sustainability
of the chaotic output as monitor.
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0 O Physical Performance of Single-Electron Devices and
0 O Circuits

K.Hoh, M.Fujishima, S.Amakawa, S.O uchi, and T.Tsubokura

For the basic understanding of the operation of the single-electron
memory, the effect of the electrode charging on the shape of the
potential barrier in the tunnel junction was analyzed. Barrier shapes

become different for the voltage-biased single junction and the single
electron box. Due to this, the junction capacitance in the former
device does not scale with the junction area. The experimental method

to evaluate this effect was proposed. Besides, the operation of the

Si-based, direct-tunneling type single-electron memory was analyzed
taking the exact band structure of Si into consideration. The condi-
tions for the realization of room-temperature operation was clari-

fied.

0 O Micro Human Monitor

M.Fujishima, K.Hoh, Y.Kiniwa, T.Fujita, and K.Nakazawa

The micro monitor for long-term recording of the human body infor-
mation such as heart rate and body acceleration has been studied in
order to take care of human health without interfering daily life and
activities. Low power circuits as well as high data compression
scheme are required for a long-term recorder using a small battery

and a semiconductor memory. For this purpose, we have proposed a
novel algorithm named Band Runlength (BRL) coding. Actual per-
formance and power dissipation of this kind of system were evalu-
ated with the test chips we have designed and fabricated. Besides,
the analog part for the data transmission to the host station was also
designed with the overall evaluation of the size- and weight reduc-
tion including battery and sensor parts. .

0 CEmulation of Quantum Computing by Using Integrated
O Circuits

M.Fujishima, K.Hoh, S.0 uchi, T.Chiba, and A.Imamura

For the purpose of realizing high-speed parallel computation within
a framework of silicon technology referring to the principle of quan-
tum computing, the unitary evolution of quantum states in a quantum
computer was emulated in LSI with the superposed ac signals rep-
resenting the superposed quantum states. A 3-qubit test system which
executes Grover’ s algorithm of data search was constructed by
FPGAs and showed satisfactory results. The factors which generate
false answers are being discussed.
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0 [Btudies on polycrystalline siliconthin-film-transotors and
0O GTBT Power Devices
K.Asada, H.Ito, and Y.Murakami

We have been studying an polycrystalline silicon TFT (Thin- Film-
Transistor) model considering the drain current characteristics chang-
ing substrate temperature. The one-dimensional device simulator
was developed for calculating the drain current with structural pa-
rameters, such as grain size of poly-silicon on the glass, flat band
voltage, substrate temperature, film thickness, substrate concentra-
tion, effective gate width and effective gate length. We are also
analyzing the effective mobility depending on the substrate tem-
perature using some measurement results and simulation results.
The reverse conduction characteristics of GTBT(Grounded-Trench-
MOS assisted Bipolar-mode FET) have been investigated. GTBT is
a kind of biplar-mode FET having normally-off characteristic. The
current gains of both main current directions are more than ten times
higher than those of conventional power bipolar transistors. Because
GTBT has no pn junction in the main current path, both of the stor-
age charge density during reverse conduction and the reverse recov-
ery time are less than half of BJT's.

O OlInterconnections and Power Supply Line Optimization
O0in VLSI
K.Asada, M. Ikeda, H.Aoki, Y.Nakashima, and T.Nakamura

We have studied a new on-chip voltage monitor architecture for
measuring VLSI power and ground bounce. We employed a simple
voltage comparator using switched capacitors for measuring volt-
age bounce, and shift register structure for series data read-out just
the same as the data scan path. Using this architecutre, power and
ground bounce in LSIs can be easily measured using logic testers.
We have fabricated a test structure of this architecture, and demon-
strated the measured voltage-bounce wave-form. We have studied a
new algorithm to reduce number of operations in extracting self
inductance of interconnections in VLSIs. We employed an one-di-
mensional approximation of skin effects in carriculating current dis-
tributions in cross-section of wires. We demonstrated this algorithm
achieves good agreement with the conventional matrix solver. We
have also studied trends of inductance in power supply systems ac-
cording to positions and densities of bumps.

0 O Studies on high-speed and low-power circuits
K.Asada, T.Yamashita, H.Yamaoka, M.Arai, and T.Takayama

We have proposed a CSPL(Capacitor-Separated Pass-transistor
Logic), that separates pass-transistor logic part and sense-amplifier
using a capacitor. The CSPL achieves low-power due to the signal-
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swing reduction in logic part, and performance improvement due to
the bias optimization of sense-amplifiers. We demonstrated the CSPL
operates 9.5 times faster than the conventional CMOS. We have
proposed a sense-apmplifiered PLA(Programmable Logic Array)
structure, that aimes to realize high-speed logic block using simple
structured layout. We applied the proposed structure to a 32-bits
comparator and achieved 2.58 times faster than the conventional
CMOS static circuit by SPICE simulation. We have studied circuits
to reduce energy loss in adiabatic circuit. We have also studied
RCSFF(Reduced Clock-Swing Flip-Flop), power reduction scheme
in clock lines with reducing clock swing for flip-flops, and proposed
a new circuit. We demonstrated 20% power can be reduced in 4-bit
series adder using the proposed circuit by SPICE simulation.

0 O Studies on Smart Image Sensors

K.Asada, T.Nezuka, M.Hoshino, and M.Nagashima

We have developed an image sensor for high-speed motion detec-
tion and 3-D measurement. The sensor has a column-parallel block-
matching processor. The block-matching processor executes the
block-matching needed for motion detection. The stereo matching
between images from two sensors needed for 3-D measurement is
also realized by the same processor. The motion detection and the
calculation of disparities in 3-D measurement are done in the accu-
racy of sub-pixel level. In addition, we discussed about algorithms

of motion detection. We developed and evaluated implementation
methods of a gradient method using extended constraint equations.
We have developed high-speed position detection sensors for an
active 3-D measurement system using laser spotlights, and a 3-D
measurement system with the sensors. The sensor detects positions
of spotlights projected on target objects with a novel scan method
using a hierarchical access path. We can reduce the number of cycles
in scanning images in comparison with conventional raster scan.
We have evaluated the performance of the 3-D measurement sys-
tem by measurements using developed system.

0 O Studies on High-Speed Processors

K.Asada, M.lkeda, R.Zheng, S.Komatsu, Y. Ohike, and T. Kojima

We have proposed a method of addtion completion prediction, which
utilizes dynamic logic instead of a shift register as we did before.
This scheme has features of high-speed and low power consump-
tion. Besides, the hardware overhead of the prediction circuit is also
decreased as single-rail data encoding is used. We proposed statis-
tical encoding method for low power data transmission on VLSI
bus. We evaluated the reductionof signal transitions and the relation
between the entropy of data and the signal transition reduction. We
also evaluated Adaptive Code-book Encoding method in terms of
performance, circuit size, delay time and power dissipation. We
have studied macro-library generator using CAM with minimum-
distance-detection function. For this purpose, we analyzed relations
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We demonstrated these relations can be derived from FET
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K.Asada, S.Suzuki, J.Qiao, K.Seto, and H.Yoshida

Function encoding is one of the critical factors that greatly impact
the quality of the final decomposition results. In this study, we pre-
sented a novel encoding approach which can largely merge two com-
patible alpha functions or an alpha function and g function into a
single CLB keeping the multiple-output architecture of the CLBs.
To examine the approach, we applied our algorithms to logic syn-
thesis for LUT-based FPGAs using subset of MCNC91 benchmarks,
and compared the results with those from state-of-the-art methods.
We have proposed an advanced phase assignment, where the phase
assignment technique in two-level logic is applied to multi-level
logic. We demonstrated that a combination of the advanced phase
assignment and algebraic factoring produces Boolean decomposi-
tions of logic expressions in some cases. We have experimented
the advanced phase assignment for area and delay optimization. We
have also experimented the results of the advanced phase assign-
ment with a state-of-art technology mapper, that employs mapping
graph. The proposed method is very simple and easy to employ, yet
it is effective both on area and delay optimization.
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0 O Extremely low power MOSFET operating at 0.5 V
0 O by the threshold voltage control

M. Takamiya, H. Koura, H. Gomyo, and T. Hiramoto

Low power operation is essential for VLSI devices. It is predicted
that the operation voltage will be reduced down to 0.5 V in 15 years.
In 0.5 V operation, the threshold voltage should be very low and it
will be very hard to attain both high speed and low stand-by current.
In this study, we investigate the optimal device parameters for the
variable threshold voltage schemes. We have proposed electrically
induced body (EIB) dynamic threshold MOSFET (DTMOS) where
the body effect factor is extremely high. On the other hand, we have
also investigated the optimal device conditions for variable thresh-
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old voltage CMOS (VTCMOS) where the threshold voltage at the
active mode and stand-by mode is controlled by well potential. It is
found for the first time that the optimal body effect factor depends
on the relation between supply voltage and well potential. When
breakdown voltage is high and well potential can be set larger, higher
drive current can be obtained at devices with higher body effect
factor. This result is very useful in the design of VTCMOS.

0 OBoosted Gate MOS (BGMOS)D O OO OOOOoOOOO
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0 [(Boosted Gate MOS (BGMOS) for leakage free integrated

O circuits
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T. Inukai, A. Ohsawa, and T. Hiramoto

As the device size shrinks, a MOSFET is no longer an ideal switch-
ing device. Large leakage current flows even when the device is
off, resulting in the increase in the stand by power. The leakage
current includes subthreshold current due to low threshold voltage,
gate tunnel current due to very thin gate oxide below 2 nm, and
junction leak current due to high doping concentration. In this study,
a new circuit/device scheme has been proposed for the suppression
of stand by leakage current. A MOS switch and main circuits are
connected in series. The MOS switch has thicker gate oxide than
devices in main circuits and has much smaller leak current. The
gate voltage higher than supply voltage is applied to the MOS switch
in order to suppress the speed degradation in main circuits. This
boosted gate MOS (BGMOS) scheme is one of the most promising
circuit schemes for the future VLSI. This study was presented in
2000 Custom Integrated Circuit Conference (CICC).

0 O Statistical impurity fluctuations

Y. Yasuda, M. Takamiya, and T. Hiramoto

As the device size is scaled down, the number of impurity atoms in
channel depletion layer is reduced and the impurity number fluctua-
tions are enhanced, thus enhancing the threshold voltage fluctua-
tions. Even when the channel impurity number is the same, thresh-
old voltage will be fluctuated by the random impurity position dis-
tribution. In this study, the effects of the number fluctuations and
position distribution are separated in the simulation for fully de-
pleted SOI MOSFET, and it is found that the threshold voltage fluc-
tuations by the position distribution will be determined by the charge
share factor of the device. It is also found that this result is appli-
cable to conventional bulk MOSFETSs. These results suggest that
the threshold voltage fluctuations become larger but the contribu-
tion ratio by the position will remain constant when the device is
properly scaled.
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0 O Physics of scaled MOSFET

T. Saraya, T. Saito, and T. Hiramoto

One of the most serious problems in partially depleted SOl MOSFETSs
is the floating body effect. In particular, the dynamic pass gate
leakage prevents SOI devices from being applied to DRAM. We
have investigated the mechanisms of dynamic pass leakage current
by separating bipolar current and subthreshold current from the gate
voltage dependence. As the device is scaled, subthreshold current
becomes dominant in devices with low threshold voltage. Itis found
from comparing the charges in pass leakage with the stored charges
in DRAM that the dynamic pass leakage is still a serious problem in
SOl DRAMs. On the other hand, a new SOI device structure with
suppressed short channel effect is also studied.

0 OQuantum mechanical effects in very narrow MOSFETSs

H. Majima and T. Hiramoto

It is well known that the threshold voltage increases in very thin
SOI MOSFETSs by quantum confinement effects. In this study, we
have demonstrated by experiments and simulation that the carriers
are confined not only vertically but also horizontally and stronger
quantum confinement is attained in very narrow channel MOSFETS.
This year, the fabrication process has been improved. Extremely
narrow channel MOSFETS are fabricated and threshold voltage in-
crease is observed more clearly than last year when the width is
less than 10 nm. The numerical calculation of energy states in
narrow channel is also performed and it is verified that the observed
threshold voltage increase is due to the quantum confinement ef-
fects. These results were presented in 1999 International Electron
Devices Meeting (IEDM).

0 O Physics of silicon single electron devices

N. Takahashi and T. Hiramoto

Fabrication and physics of silicon single electron devices have been
extensively studied for the future ultra-low power VLSI device ap-
plications. We adopt silicon as a material to consider the compat-
ibility with the VVLSI process, and our research work is recognized
as one of the pioneering works in this field. In a MOSFET with
point-contact channel, a silicon dot is naturally formed, and the de-
vice acts as a single electron transistor even at room temperature.
We also clarified that the quantum mechanical effects in dots play
an important role in transport. This year, a new device structure for
compensating the background charges has been proposed and the
integration of single electron transistors has been successfully dem-
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onstrated. This study was presented in 1999 International Electron
Devices Meeting (IEDM).

0 0 MOSFET memory with silicon nano-crystal quantum
0 O dots

E. Nagata, H.-N. Wang, and T. Hiramoto

Characteristics of MOS memories with silicon floating nano-crys-
tals gates have been studied. The memory effect is demonstrated at
room temperature. It is found that the average threshold voltage
shift and its fluctuations depend on channel width and length. It is
clarified from the simple device model that the origin is the random
fluctuations of dot number on the channel. The control of electron
number in this device is also studied.
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0 O Phase Transition in Chalcogenide Glasses

0 O Nonvolatile Memory Devices Based on Reversible

F. Hayakawa, Y. Imai, K. Nakayama, A. Kitagawa, and M. Suzuki

The chalcogenide amorphous semiconductors show the reversible
amorphous-crystalline phase transition by means of an electric pulse.
The objective of the project is to fabricate nonvolatile memory de-
vices based on reversible phase transition phenomena. This device
was not reliable, because of set/reset error attributable to degrada-
tion of the clear-cut transitions in the reset process. The breakthrough
was brought by the scaledown of the feature size of memory cells
into deep submicrons, and the decreased volume of the cells have
the advantage of low power dissipation. Then, we attempt to fabri-
cate an EEPROM on the silicon LSIs and the nonvolatile memory
card devices with an very large capacity.

0 O Polycrystalline SOI structure for Power MOSFETSs

A. Ogawa, H. Mizuno, A. Kitagawa, and M. Suzuki

A polycrystalline SOI (Poly-SOl) structure is applicable to devices
with large area and particular geometry of LSI. The goal of this
project is to fabricate the integrated power devices on the poly-SOI
structure. The electron mobility and electronic property of the grain
boundaries in the poly-Si films on the quartz substrates are greatly
improved through the very high temperature thermal process with
the gas flame apparatus. The high ON/OFF ratio and low leakage
currents of fully depleted SOl MOSFETS are attained using the gas-
flame-annealed SOI substrates.
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0 OStrained Tunneling Devices (STDs)

A. Kitagawa

An active device based on strained tunneling gap properties have
been proposed. The computed current-voltage characteristics of this
device show high current gain and low voltage gain for device di-
mensions around several nano-meters. A fabrication technology with
a very precise control of the device dimension is required in practi-
cal application, because of the hypersensitive nature of the current
gain to the tunneling gap length. According to computer simulation,
it is predicted that a negative transconductance is observed in a
STD, and supposed that static random access memory devices are
composed of only a STD.

0 (Model for the glass transition in amorphous solids based
O on fragmentation

A. Kitagawa and M. Suzuki

The glass transition (2nd order) between supercooled liquid and glass
state is experimentally observed in a large variety of non-crystal-

line solids. The transition point depends on the heating rate and
cooling rate in a thermal process, and it, however, conflict with the
entropy change at the glass transition. The model of the glass tran-

sition should be considered that the glass transition point is depen-
dent on the trace of the thermodynamic variables. We have pro-
posed a model for the glass transition in a heating process with

ideas of fragmentation of amorphous solid and a transient phase
diagram. To examine the present model, applications of the model
to the phase changes od a-Si in heating processes are carried out

and it is found that impurities in amorphized layer of Si surface are

anomalously redistributed, because the amorphous layer is passed
through the supercooled liquid state in the heating stage of rapid
thermal processes.

0 O Electrical Properties of Ordered Mono-molecular

0 O layered Structures on Metals and Semiconductors

T. Tsujikawa, C. A. N. Fernando, and A. Kitagawa

A monomolecular layers on metals and semiconductors was investi-
gated with Langmuir-Blodgett technique. The goal of the project is
to find novel electronic properties in the layered structures of dye
molecules with ordered arrangements. The interaction between a
molecular dipole moment and carriers in very thin metal films or
semiconductors films is expected. The resistivity of the metal layer
decreased and the switching phenomena in the current-voltage char-
acteristic were frequently observed in the case of a special configu-
ration of molecular dipoles. Another objective is to find novel
optoelectrical properties in the double dye monomolecular-layers.
Photodiodes were fabricated on the dye-sensitized wide Eg semi-
conductor films (e.g. Cul, CuSCN).
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S. Wakabayashi, T. Koide, K. Hatta, N. Toshine, H. Nakatsuka,
and S. Koizimi

Genetic Algorithms (GAs) have been widely used to solve large-
scaled optimization problems with complex constraints. Since GAs
have many parameters, it is difficult to set these parameters to ap-
propriate values to obtain good solutions. Therefore, many param-
eter-setting methods have been proposed, in which parameter val-
ues were adaptively changed during the execution of a GA. On the
other hand, GAs generally requires a large amount of computation
time, and to solve this problem, many research results for hardware
implementation of a GA have been reported. We have proposed an
LSI implementation of a GA, which selects crossover operators
adaptively during the algorithm execution based on a new measure
called "elite degree," that we have proposed to estimate potential
superiority of an individual. We have performed software simula-
tion to evaluate the LSI chip and verified the LSI chip with evalua-
tion board. From the experiments, we have demonstrated that the
hardware implementation of the proposed adaptive GA is effective
for performance improvement.

0 CAdapting Genetic Operators and GA Parameters Based

0 on Elite Degree of an Individual in a Genetic Algorithm

K. Hatta, S. Wakabayashi, and T. Koide

Genetic algorithms (GAs) are widely used to solve complex optimi-
zation problems. In a GA, the optimal setting of parameters or op-
erator probabilities is required to enhance the GA performance. For
this problem, we have proposed a new measure called elite degree”
to show the potential goodness of an individual in a specific genera-
tion and developed an adaptive strategy, which determines what types
of genetic operators to be used and/or what values to be used as
parameter values in a GA not in advance but dynamically during the
algorithm execution. Moreover we have extended the definition of
the elite degree and applied the extended elite degree to the muta-
tion step so as to adjust the mutation rate adaptively. From these
extensions, we can generate a better solution in short computation
time. Experimental results for benchmark test problems have shown
the effectiveness of the GA with the adaptive parameter tuning based
on elite degree.




D N\

~

|||' L

0 O Sequenece-Pair 0 0 O Or@r@vESI O O IZI'DDIIIaEI
00oooooooooooooon

gooo,0o0oo0,b0o000

ovLsioooooooooooooooooooo@o
oooo0)y§ooooooooo@oooooy)yobooo
gooobooobooooboooboooobooooboDbo
oooooooooboboooooooooooooooon
gbooomoobooobowmooooobomoowvesl
gbooooooboobooooobobooboobooooDo
oooooooooooooooOooooboobooooon
oooooooo0oooobobooo0oooooboD
(Sequence-PainD 000 O0COOOCOOOOODOOODO
oooooooooooooooobooooboooooo
gooooooboobooboobooobobooboboon
oooooooooosAbooooooooooooo
ooooooooooooooooooooooooon
goooboooboooboooooooo

goooooobooovwsiooooooooooooobo
gooooooooooooooooooooooo

oooo,0000,00000

goooooooooOoooooDoooovwsiIoomoo
goooooooooOooooooooocoOoooooDo
ooooOoOO0o0oooooooOOoOoOoooooOenO
oooooooooovwlsooooooobooooooo
gooooooooooOooooooobocooooooo
ooooooooooooooooboooooooooo
O000000000000EmoreD0O0O0O0O0OODOO
goooooooooOoooooDoobooOooooenDO
oooooooooooooooooooooooooon
ooooooooooooooooobbooooooon
goooooooooooOooOoOoooooobooooDo
ooooooooooooooooboooooooooo
ooooooooooooooooboooooooooo
gooooooooo0oOoooooooboooooooo
oooooooooooooooOooooooobooooon
gooooocooooooooooooboooooooon
oooooo

0O O An Adaptive Genetic Algorithm Using the Sequence-
0 Pair Representation for VLSI Floorplanning
S. Nakaya, T. Koide, and S. Wakabayashi

In VLSI layout design, the circuits are implemented by combination
of designed modules (hard macro) and new designed modules (soft
macro). A floorplanning is one of the most important element tech-
niques of minimizing the chip area and improving performance. We
have proposed a genetic algorithm (GA) for the floorplanning prob-
lem in VVLSI layout design. In the proposed algorithm, a solution of
the problem is represented as a sequence-pair. The proposed algo-
rithm has an adaptive strategy, which dynamically selects an appro-
priate operator among newly proposed crossover operators as well
as the one of two mutation rates to be applied to individuals during
the algorithm execution. Experimental results have demonstrated
the effectiveness of the proposed adaptive GA compared with con-
ventional methods based on a simulated annealing (SA) and non-
adaptive GAs.

0 O A Timing-Driven Hierarchical Global Routing Method
O O with Wire-Sizing and Buffer-Insertion for VLSI with Multi-
0 O Routing-Layer

T. Koide, S. Wakabayashi, and M. Ohsako

In the high performance VLSI with multi-layer layout model, the
complexity of the global routing problem becomes much high under
timing constraints. We have presented a timing-driven hierarchical
global routing method with wire-sizing and buffer-insertion for multi-
layer VLSI. The proposed algorithm adopts the Elmore delay as the
interconnection delay model. All nets are routed on each layer, which
has a different wire width. In our routing method, we adopt a hierar-
chical routing approach to avoid making locally congested regions.
In each hierarchical level, the routes of nets are determined by solv-
ing a linear programming considering wire-sizing and buffer-inser-
tion under timing constraints. We have implemented the proposed
global routing method on a workstation and shown the effectiveness
of the proposed global routing method from experimental results.
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