= R N

'_.:-:E']E- UDEC1HE .......................................
1. 1. VI ECiBisms
1. 2 AWIRG
1. 2 HEilg

HoW TFREOFEEVDECHEERE o
210 LS| SRSt s SR sE - 3iS
ey E5uia Ll
MWEE $548 ]
[ iS4 )
M40 F 25 A0%H
(M T A EREDIRE)
2ok CADNY 7 RO o T O
FCAD: 2 b o FRIRIER ]
[ = +— [l
23 VLSIF o FEEER
[Fah O SEmF o RN
[Z 775 VSRR
[$f R 7 O A=
FouFXREFA T )

HIW O RFEIAE
2.1, HEEectE
302 WHEE=
30k EFERHY

AW FRUICEEREOSERIETE e

-;E g E— 3: i ?:ﬂ;‘[‘rﬁrtl:ﬁﬁcﬁﬂﬁ ..............................
5 1. Hi{FRER
5 2 FourdEEoEEVRIUIR

HWE oo s e ﬂ



1\ N\

U O OWVDE
1010 vDEC O O OO

OvDECOODOODOODODDOOOOOOoOoDbDOOo
gooboobobooboboobboooboooo
gbooobooboboobobobobooboo
oobooobooobooobooobooon
gboooovbeECOUOODOODDOoOooooooO

gooboobobooboboobbooboooo

ooooobobooboboobbooobooboo
gboboooio0bobmbooooobooog
gboogoooboobooboooooooboono
gobooovbeECOODOOODO1I00D0O0O00DOO
gboooboobobboboo

TRk B ) (TG O S

FE 2 2 M., %
R (170 - 1 FH
Bhigh 3 2 3 o, R (AT | JHHER (oM
R MhBhh 1 - 2 i, g
Bhg 1 z ik, W[
EPFE 1 2 e
At f 12
10200000
VDEC O [

000000000 0000000

ooooo 0000000

Dooao ooooooo

ooooo 0ooo00o

0000 0000000

0000 ooooooo

ooooo 0000000MMO010000000

0000 0000000MMO0100000000000

ooooo ooooooo

0ooO 0000000




googon
oodogono
ggogao
goood

B FL—Ep

EH  HHE

I =]

gboooboomoboloobogonon
oooobgon

oooooobomoooooooon
gboooboomoboloobogonon

FE {58 e O

dh o
N Y
Ek =

FH BER v R L]

N
g feE

R U

= -

<



p-

B

N\

b
Ooooooood 000
googo gbooobooboobobobooboobooobooboooboooboon goo
gooon gbooobooboobobooboooboobooboboobooboobon
goo goooboooboboboboobooboobobooobuooboo goo
goo goooboobobboboobgobooooboobooobon goo
goo gooobooobooboboboobooboobooo goo
goo gooobooobobOboobooobuoobooboobooobo goo
goo gboooboooboobobboobooboobooo goo
goo goooboooboobobbooboooboobooobo goo
goo goooboooboboboboobooboobobooobuooboo goo
goo gbooobooboobooboobooboooboboon goo
goo gboooboobobbobooobooboooboon goo
goo gooobooobooboboobouooboobooooo goo
goo gbooobooobooobobooboobooboooo goo
goo goooboooboobobbooboooboobooobo goo
goo oooobooobobobobooobooboobooo goo
goo gbooobooboobobbooboobooboobooboon goo

Jdouooobondilogon

googo
goo
goo
goo
googoo
goo
goo
gooooo

gbooobooboobobobooboobooobooboooboooboon goo

gooobooboboooboooboobo goo
goooboooboboboboobooboobobooobuooboo goo
gboooboooboobobboobooboobooo goo
gooobooobooboboboobooboobooo goo
goooboooboobobobobooboobooo goo
gbooobgoobobboobooboobonboon goo

goooboobobobobooboobooboboobooboobo boo



1030004

doooooooon

0000 O 0O 0O O 0924078380 Od o 0o o O 713,0000
0000 O 0O 0O O 2633450000 D000 D000 576,0000
0000 0 0 0 00 146050000000 D000DO0DO0DO 3000000
DooDoOoooao 812,0000] D000 O D0 O O 645000000
O
Odoooooo0ooooooooo
0Doooon
R 0000000000 Doooo 0ooo
oo
000D O00000D00o0O0OoOo 0000@) 39800
0000 00000OMOSODOOOOOOONOONOONODOD | 0000E) 2400
O00D000000ALU
000D 0000000000000000000000000 | 0000(@) 2100
OoMOSOOOOD0O0O00
0000 MOSOOOODODDODODDOOOOOOOOOO0O0 | 0000E) 2700
cMOsSOOOOO0O0OO0O0
0000 0001000000SOICMOSLSIDOONDNO0D | 0000 (A)R) 1400
0oooooo
000D soOIl000000000000000000000 | 0000®)Qe) 3400
0000 O0000000000000000000000 | 0000(®B)2) 7900
O00O000MOSFETOODO
000D 0000000000000000000000000 | 00000 2400
00o0oo0on0o
ODooao 0000000000000000000000000 | 0000 1,000
oDoooo
0000 0000000000000000000000000 | 0000 1400
000000000000

oboobooboooon

gboobooobooboobooboobo

gooobobooobobooooboobooooboobooboboboobobooboobobooboboon

gbooboobobooboobobboboooboobooboo




1\ N\

Ll O O Al

oooooooboooboooooocADbOOn
gbooobooboobobbooboesiog
oboooboboOoveLsiooobooooCcADD

DEC U DO OO

oooobooooOoveLsioooooooooo
gooooooooboboboboobobbobobboo
oooobooboboooboobobbo

20100000000 ooouogo

goodoogoogd

@21 BB S

gvDECOUODOOVLSIDODOOODOOooOooo

cADOOOOOoOoooovwsioooooogo
gooooobocADODOOOvVLSIOODODOOO
oooobooboboboboooboobooo
gbooobooboboboboobgoobooo
gbooobooboobooboooboovesigoo
oooobmboooooovesSiooboooboo
gbooobooboboboboobgoobooo
gb210000000000000000D00O
VDECOOUODOODODDOOODOOoDOOoooboooo

oooooooooovesioooooooooo
oooobooovwsiDoooobdovDECH
goboooboooboooboooboon
oobooooboooobooobooobbooo
obooooooovbeECcOODOOoooooDoDOd
gooooboogoboovbeECODOOO0ODOO
oooobooonbg
gboooobgoooboboboobooboooboon
gooogovbeECOODDOOODOOODOO
ooboooboooboooboooboon



0000000000VLSIOOO0O0000000
0ooodg

Dboooaobobogd
OVDECOOODOOOOOOWebOOOOOOO
0000000000000000000000
WebOODOOOOODOOOODOOOWebOOOO

- YDECY| Flaki

- F T FR LA

- CAOf{ AR LA S

e - Co T
Oty rrd W i kW
SRR

gbooobooboobobooboooooo
goboboooboboooboboobobooboboo
goooooobobooobooon

- HELHLHHA Y
FoF g 1T

CEO-23HEHE Y -woECs TEHEL £
ErTa T — Fo T

- O— LILEHKR COECITE L ENRT
EETRs = — v abE—r

[ ]wechmswasive

[ ] s=amsn e s niss @ m
[ ] # o7 tiFm e o= B3 W o i i e

VDECOWeab~ — =/

oooggd
gvLsiooooobooooooboooooo
gbobooboohoobomobooobooog
gooobbooboonoobooobooom
oobooooboobobooboobobvDbECO
gocADOOOOOOOOoOooOOooboooDoog

goboooobooobooooowvesiooog
gobboooboooboboobboobbgo
gobooobooobooboboobboon
goboobovbeECOOUODDOODODDOOODOO
googogoo




DDDDDDDDDDDDQ
gooboooooooooogooboooo
gooooLsiogo

gogoooo,oog
gboooboobobbooboobgoon
goooogo
gbooobgobobooobobbobboboo
gooboobobooboboobbooboooo
oobooobooobooobooobooon
gbooboobgbooobooboboboboo
goboooboooboooboooboon
oobooobobooFrFPGADOODDOODDOO
obooboom@moomuobooooomooeLs
goboooboooboooboooboon
oooobooobboboboobovesiobooobo
gbooobooboobooooboo

gooooogo
goboooboooboooboooboon
goboooboooboooboooboon
oobooobooobooobooobooon
gboooboobobboobooboboboboo
gcADODOO0ODOODOOOoOoOobOoboooooDo
gooon
goboooboooboooboooboon
0i3googpboobooobogoooysoong
oooobooboboboobooobobobobooo
goboooboooboooboooboon
gbooobbobomsooobooobgoooboonoo
ooogoooys0boooboboOoonog

goooooog
oooobooboobobboobooobon

31000ooooboobobobgon
ooooobboooboooooobboooo

goboooooooobooobogoboboo
cADOUOUOOOODObOOOoOoOoooboboboOoOoo
ooobooboobooboboooboobo
goooobooboobobooboooboooDoo
gooobooovAabDLODOO0OO0DbOooooooo
ooboooobooobooobooobbooo
gboooooobovHDLODOODOOo0ooooDoo
goooboooobobooobobobooonn
vHDLOOODOOOODOoDoooooobooooo
gbooboobobbooobobooboong
gboohoobuooboooobobooobooong
oooobooboboooboovdAbDLODO OO
gbooboobooboooooboboobobo
gooooboboobobooboooboooboo
ooooooboo0oboooboooboon
goooobooboobobooboooboooDoo
gboooboobobboboobooobooog
OOFPGAOOODOOODOODDOOODODOOO
gogno

2000000000000 b0o0o0oon
goboooooooobooobogoboboo
gooooboboobobooboooboooboo
ooooooboo0oboooboooboon
gbooobgoboobob

oooooooooobbobobobobooooooooo
gbooobooooboboobooboooboon
gooooboboobobooboooboooboo
ooooborFPGADODO0ODOODOODOODOO
gboooovHDLOODODOOOobOoooooDoo
gooooboboobobooboooboooboo
ooooobobooboboobbooobooboo
gboboboboooogooobobooboono
googo
ooooobobooboboobbooobooboo



gogboboobboooboboobbooooboboao

gbobgoboobooboboboobooooooog

goboboooboboobobooboboooboo
oboooooboooobobogvbeECOOO
goooboooboobooooobooon

- ..
(ks 2

c -

AR

r-y

L. '\u."..-ﬁ:_r.:'l—_.:"_: et !in"_-.

g23ggoooooboboooobooooon

goooooobooobooo
OVDECODOO NELOSy m480 ODOOOO

g gguo
goboogooon
gobooobooobooboboobboon
gooobo0oboobOovVvDECOUONEL 05
pm4.80 00000

41000
gobooobooobooobooboboon
gooooboooo
goboooboooboooboooboo
gobooooboooeMosOoononooonooo
gobooobooobooboboobboon
gobboobooobboobboooboo
gbobobobobobobooboooooooo

ggoobboboooooobboooooooog
gogooooo
Jjddddddddooooouoogooood
oo ooooboboooboboon
gd
oooobooooobooooooooooog
0000000000000 D0000DO Cadence
dddooooooobobobobobbwvbECOOO
JdOodOONELOS mMOOOOODODOOOOOO
goooboobbooooooboboooa
OMOo0O0oobOOoO0b0Cadence0 0O OOOO
0000000 LVE Layout Versus Schematics
oo oooooogdg
b0000O0OextractUOO0O0O0OOOoQoooO
gooooobooooon

gobobooobbooobboobbooobboo
goboboobozo00booobobooboooo
gboooboobobobobobooboooo
goboooboobobooboboobboon
goboboooboboooboboobobooboboo
gobbooobooobboobboobboo
gbb14o0b00boobb4oboobgn
OOOVDECOUOONELOS mO4800000
gooobooboobgooobooo
42000000
ooboooboooboobobooboboon
gjdjdooooooooooooooooog
gboooboobobobobobooboooo
ooboooboooboobobooboboon
gboobooboobobbobooboooo
gobobooobbooobboobbooobboo
goboboooboboooboboobobooboboo
gbooobooboooboobooboobooo
goboooboobobooboboobboon
goooboLsiocoobooboobobooon




&
00000000 ooomgod goood

gobobooobooboboobobuoooboo
gobooobooobooboboobboon
gooobooobooobobooobooboooo
oboooobooobooobbooobooboooboo
gboooboobgoobobooboboooo
gobooobooobooboboobboon
ddddooooooouooooooooooo
gbooobooobgoobopooobooboon
goooLsSiooobogoobooboooboobgon

2020 0000000000

gobooboooboboocADOODnOOO210
gbbz24000000000DO0O00DOO0ODODOO
goboboobboooboboobbooobbgao
gbooobooboboobobogobocADbOOngd
goboooobooobooobooboboon

gogogd
gooooooboobobobobomboobo
gooLsiooooooobbooooobooobo
gbooboobobooobobooobooboonoo
goboobooboboobooboooobooog
gbooobooboooboobgobeMoshd
goooooboobooboobooobooobo
goooboooboobobom™moboooboobo
gooLsiogogoobgooboobooboobg
goooooobgooLsioboboooboobg
o0oMoooboomooooobooobooo
goLsSioogooooboobbooboong
gbooboobobooobobooobooboonoo
gooooooboobobooo

HEN

gbooobooboobooobcADODDOO
gsoo0gilooon0noOoOoOoOoOoOoOoOoOoOn
gboobooooobooobooobooobobog
gbooobooboobobooboobooo

Verilog HDLA — M A H,

M

Verilog HOL % B fi LZal—iegl, W | Cedence Desipn

[ et oy Erf. F7 - ER Systans, Tne.

VHDL & s f IERt VHOLA—ZEMAH, #2ab—itar, WESHE, | Smopsys, Ine

RFh, F 7 bR

B EhELE - EoiRmants o RS e — T O SO AR R L e | Avant | Co,

ATAh TAT—tar

ElRmIpEt L T F 5, ERUOEREASEFTIS LA T RAN, BRF | Mautor Graphis, Co)
e, EREAE. EREEal—bar

FrOS@ete T4 THOSEE Bz al—3 3, EREAN, | Cadsnes Design
b T SRR, RERTERE. EIRGEL Systaras, Ine




B 31
(Jtm Ao

AL
(hHlF)

= X
10T
@ e (Bh R

]
i

= VOECT hid ol

WIEC T H R - RHITH RETakE i

s e

| VOECTRYER & -1 244

(@000 000000000000 (000

OVDECOCADOOOOOOODOOOOOoOOo obooooobobooooobovbeECODODO
gogboboooboooboooboooboon ooooboocADOODOOOOOOOOODO
goboooobooobvbeECcODOOOOOO uooououoooooooooooooooo
gobooobogz2s5000000MM DI VvDEC obooooobooooboboobooooocAD
ooobobobobobobvbeECODODOO ooooooooocADOOOOOOOOODOO




1\ N\

E
Jdodo00oooooooopban ooooo OJd000MOOOOONELO470 000 ogg

coboboooooooooboooooboooogno ob04400000021300000

| o1 EoFanaiar (M oVOEC ) |

—

@O000oODobooD oooooooooo woooooooogoo

gboboooobboodaoboo

0D000000CADODOOOODOOOO0260 0000000000000000000000
O0da0O0CADOOOOOOOOOOOOOO 0000000000000000000000
00000000(MOO000VDECOODOOO 000000000000000
0000000000000000000000



gobbooodabon

00000000000000000000000 0 VHDL Initiatived 0000000000000
000000000000CADOOOOOOO0 0000000000000000000000
0000000000000000000000 000000000000000000VHDLO

oobooooooooooooboobooooobooo ooooooooboooOoooooOono22,23

gooovLsioooooooooooooogo

goo

Cadenes ok rf: 9 4R " M 2 4 e — & Varllog—HL. BEEEEREE- — 2 Call
L = 5 H18g-20H Ensarable OF| HiEEA, =&
Symopiys | MITTEE T 0 42 | g EERE - — M Dasign Conp et OF| AR, &
yRopsy e 5 B218-22 ©
Avant | Wi e E{fﬁ;? 17 | NREEERER — I Adquar s — B0 OF] & EE
i g2 HRETMES Ff 51 7% L % Rt it oo—.
P2lib L - 21 | Verilog —XL, Dwsizn Compilsr, Cell Enssmtls@iAH,
5 B24H i
. R 94 o — &5F - FIAE O 1 0 Corapass 0 — LI A W,
Compsss | ¥ERFE | o ghpen | P | mE (0o a3 TRERCED
L - Tk 9 4E 7 | EREEESNAD Yy S FAY (TS00ERS: o2
& T - 1H18-28 Nezerieii ) PR TR 705 506
. Frf 9 £ ¥RrpEENEETRIO - (DSIOEMN: T
EB ®ERE | oEwa | | Ao o @isnn, =@




{1

. Frf: 9 4f ¥R 2 N A EREEREIE (DS So e
FIE WA 1:A318 1o Aeifcy MF| RN, =
Cudenes ——— Rt 102 ” Bl Rl —)r Cel] Enssmble, BELZ al—#
T 2 B24B-25H Verilog —HL DF| HisER, =Y
Cadencs R Frt Lo o | ¥ATE I Fa s kTR — L O iR,
Lk 3 A25@-2:R0 E 4

. T N i Ly 1
Symopsys | FERE Zgﬁ;?‘g‘ ” ggﬁmﬁ s Cosign Congpiar T3 A3 FlisraA.

. . R 1R Amarins—H0 FHERERR POT—F 5.
Avat! | EFNE | o hen | P | susTir—say

FAFZ T o 104E o | TE R LT oy — ek BT AR TME

R Bk 1 B11R T 54 75U OF BN
. gk 104E Meutor 2 —Nd RnEEREEAHN. THOFLzal
Memtor | MRS | opimoen | P | —parBEiT— b T—5 B EORN, ®

FoeHil IR — B

R, EHRTAE SR EATIREITOR KB
~ N TR, MAE EmMESAE Ak, SR,
HEE | JALA~1A 2% SR, MR T
=10 F L0 R

PIEF S, EERI#SE SETEERY. 5% 1
iR =, REE E S SRR BEXE
SR, el fuHdosEe, oo

o — AR, WER. RSO T LS Oo ST R
BFEENMTFAv—¥4 32275 FR. NEC=N—F
a4 — R

¥orksE | 9 H1sA~148 24




203000000 ougogn

gb270vbECOOUOOOOODOOOLOOOODOO
goboooobooobooobooboboon

gooobooooo

[ Fotwn & Sun
B MEL & Swn
O Moroi= 12w

19496 19497

@O00ODOOoOooOooobobooogo

=00

O Ao &fun
W MEL &.5wn
O Mooz 1 2um

15460 1247

0027@U000000000000000000
ooom27p)yodoooogooooooooo
U0000000001994, 199500000000
0000000 0o0oooobobOOONELDOO
gobooboboobgileeenl g vbECOO
gbooooobooooboooboooboo
gioo70 0@ oobooboobooooooooon
gobobooboobon

Dbobooodabbooaobn
00000000 24000000000000
000000000000000 2500000

00ooopDooLPGACOODOODODOOO
oooooo)yoooooooooobooooo
goboogooonbooboboobobo3noboon
goooooobgooo
gbooobooboobobooboboooo
ooboooboooboobobooboboon
goooooobobooobooon

ggoboboooobbooosgoooooood
googoobooooo




=24 R QFEEF v I EIEDIE

Rt
CMOS0ium R1IE i 94E G A0 R Rk 9 4E12 A10R
CMOS0Sum 2 [E Ert 90 1 B FEr10EZ AL
CMOSl2unm RIE Tz 0dEd A15 A TEre94sEI0 A3 A
CMOSl2um RIE ER9EIALR FrploE 2 A5 A

*=2.5

ey QEEF YA ERPAE %

#*:ﬁ:ﬂf& i-hﬂ Al v #0 W=
B il | T BE#REl B
Hiﬂ:-'l:ﬂff BT FE T 1+ s
ENFE i i Wi A
1R g e P.A Palacios TS TLE ER 5
o kT w La-m bk Lk *TiE EE
TNk HE wh — WA TR
=i WA B R
[ 3z S TR
Ut 2 PR i WP
Fbo Fom —— e o
&0 = . THE  HNE
PG L FET Ak Bw =
H.I.Mattausch I |
AL HE B {EW ¥z
aib X— *R A
Tk & wiF  —i el A4 AE
AR tBE fiE it G
BRI T, fi O oA
REfE MO i 1Em ¥
IN=ras Bt JLE 5 R whE FERRHEEITCERAE | R w2
FRa g AFTE MR #730
- . Eal WS o Bt B—
FhEENE — 3T e prp——
TR e FRall  fidiE




oooooooodn

goboboooboobobooobcADODnOOOd
oobooooboobobobooboooboooo
goboooboooboooboobboon
goboboobobooboboobboooboo

ggdzen0nM™

(7S UEIRR

goboboooboboooboboobobooboboo
oobooboboobooooboovbECOOO
goobooooboooboooboboooboo

F2lib oAl | SmopasHEESHE S FS U | BMEF e TR
B BF [ rVerdog- XL R Eal— g 317 T
FHH=E ¥
v CallEnsarabls FERERLE S 75U
httpoitanang vdae or tokyo.as jpilresign L b Bl MEL QA ind sx. It ral
MELS.Surn | EXDLb | FuH X | ¢ SmoposREEHE S 75U . — Al LA IR EF - T
LR | Verlop-NLASE ol —S g 547 gﬁsi::.;:l::' Wh{E % d%AE
S
P VHOLAS 22— 3 254 Fou
v AquathisHO AERLERE S F S U
v CallEnsarable AR S 4 F 5 U
Lt pebanana wdae s - tolkown sl jpToe sipn L boEomshoyind sx Lt ral
F2lib ot At | Smopos A 4 F U .
B - AT | rVeriopRLBAYE A lb—F g F1F
S =E w ¥
+ CallEnsarabls AR S 75U
hittp: ey wdes. w tokvo. o D sign L PRI MO T LSindex hitval
MOTI2 uIn
EXDLb | ¥ Bro% & | SwopasFIREESHE S 75U Higsme A
VDEC PWarilog HLAL E Al — g 547
S
v Aquarins O FAREERE S A FS U
hittpihaany vdae - tokyo, oo, jpt CHIPTD ssign Baalatd 0T Sirals hiral
EXDlb | ® BT E % | smopss RESHE 1 75U BT A
VLEC cWerlog HLAL T al— 23> 547
St
ROHMO p 0 v AquarbasH O SR S T TS
httpoltaana wdos -tk . o H BT esipn Bl B O Fh Ouf e, iva ]




me ™\

ud ERERN

0 dhooooo

goboooboobobooboboooboooo gopD28 290 0000000000000 O0O

coboooooooooooooooboooogono goboooooooooboogosoooooogoo

goboobobooboboobbooobooon gooobgooooboo

gbooobooobooobooob2y00bDOoOd

coboooooooooooooooboooogono

oogono

gogono

Jooooooog

obooboboboboooboobobobooboobooboboooo

(000000140

CompassUODO0O0O00O0OOOOOOOODOOODOOODOODOODO

Joogoooog

gbooboboboboobuoobobbooboobooboobooo

(110200000100

HRNREANRN 00000000 ompass MO Avant! O 0OPathFinder 0O O0O0OO0OO

00130140 oo

0000100 EXDOOODODOODODOODODODODODOOODOONDONDONDONDODOND0NDmMmOOoOOoOOoOoOO
000000000

o000 000000 Compass 00000000000 O0O0OOOOOODOOODOODOO

(11100120 goebsnoooooooon

[ 00100 0000Dooo000ooooDoo0o0ooodooooooooooooog

goooobgooobg

[ 0010000140

gbooboobobooboobobboboo

ooilo000dz2o000

ooooboobon




ENBER

- Mg o= AT
v W b o I
- BT T AT F A {EAT
v GrARh R =
v R PR FHAL
WA T BT HBE
vt g - u ]
v BEAR T vEH B
FNLA D
=
Pk
PR WA,
PR ERA

fEmERLUERY ——%

RN AT A el o
PO e Y FER

v 16bits 3 T IEREHE R TS SO0 O

s PR A BERIDSP T O e

v B E bR Ew b 2T — RN E R

» BhE e =i R B BT O T L
PR T —F T2 F o OFPOA

s IR U TN e — s — A E R

P CMOS A — g et —

FOMOST  EaF—t g il YO v T L ER
BN ST SUuERBTES

P T A — 2R HIES

- Bl RN IEATES

P RO IR = W BN TEGTF

P MFOEEoEELTRR S 1 ZARERTECE

v = S4F S U LB REERM ST S F ooy

PN T R FRF e bR T LCPUL T IO TR AN
PEREy b F AR R TN T I eV Ot

et ilog- AL

YRR

v Dhasi g Cnrapilar

+ PathFindar

F Aquarin s

iirhaoso

v BRSO

P BEMLA TUIT A




N\

\

S Nulilalalngnlnh=s

1o ouooougooonn

googodn

ooooog
googog
googog
ooooog
googog
googog
ooooog
googog
googog
ooooog
googog
googog
ooooog
googog
googog
ooooog
googog

00

HEN

HEN

0000 ooooon)
0000 oooo)
oooo ooy
goono

goono

0000 (ooooo)
goono

goono

goono

0000 @oooooooon)

0000 @oooooooon)

0000 @ooooooooon)

0000 @oooooooon)

0000 @oooooooon)

gooobooboobobboboO @o)

ooooog
googog
googog
ooooog

googogog

ooooog
googog
goooooo
ooooog
googog
googog
ooooog
googog

0000 ooooooo)
U000 (moooiBm)
goono

000 @oooo)

00

OO0 @oooooon)
OO0 @ooooooo)
00

goono

0000 ooooooo)
goono

goono

gooood
ooooood
gooooo
gooood
ooooood

goon
goodn
goon
0000 (o oooooo)

0000 @ooooooooooon

O00ooOooooooooooooon)

gooood
ooooood
gooooo
gooood
ooooood
gooooo
gooood
ooooood
gooooo

googno

gooooo
gooood
ooooood

goon

0000 @oooooooon)
0000 @moooooo@)ooo)
0000 @oooooo@)ooo)
0000 @oooooooon)

0000 @ooooooooon)

ooood @o)
odod oo)
ggd

ggd

gd
gogoooo

gooobooobobbo bobbooboo

gooobooobgn
oooobooobo

gooooo
gooood
ooooood
gooooo
gooood
ooooood
gooooo

goooood
goooo
goon

goon

0000 @oooo)
ooodo@oono)
goon

goodn
ooodo@oono)



googn

googooo oogd
mgoooboobobobobobobobobo
goo

googn

googooo gogd
mooboboooboobooboboboooboo
googn

googooo gogno
MNTTOOODODOODOODOO




N\

0200000

.\
\_

gooouon

gbooboooboooboboooobooobooboooooooo
ooooo
gboobobooboobooboooo

gboooboooobooooooobooboooboooonog
oooooooooooobooOoOoboOoOoOooomooobooo
gboboobobooboobmooobooooobooboobo
ooo0O0oooooboooOooOoOooooOoOOoOoOooobooooo
gbboobooboobbooooboobooboooooog
ooooooooooocoOoooooobooboOoOooooo
gboboboobobooooooouoooooobooobooo
obALUOOOOOOO0OO0O0OOOCOOOO00O0O0OO0COOOd
oooomooooooooobooooooooooooon
dboooooooooooooooooooooooooa
ioooooooooooooon

oooooooooooooooooooooo
oooooooooboooooooooobooo

oooooooooooobooooooobooOoOooODObOboo
ooooooooooo0ooooooOoo0o0oOoooooooo
coooooooooobooaymboOoOOoOoOoOOOOO
ooooooooooooooooooOoooooomoboo
ooooooooooOoOoOoooooboooooooooboo
ooooooooooooooooooomooooDoooDoo
oooooooooooOoooooOoboOoOoOooOomoonoo
oooooOOO00o0O0o0oooooooObOOO0O00000oon
oooooooooboooboooobooOooooooooo
oooooooooooomoobooooooooooboobooboo
oooooooboooooooooooboooooooon

oooooOoO0oO0OO0oO0OO0oO0oO0OO0OOoO0oOoOooOooosOol-MOSFET
oooooooooooooooooobooo

OCpnO0O000O00D0OO0OMOSFETOUOOOOOOOOOO
oobooo0oooboooboobOobooMOSFETODOOODOO
oooooooooboooooooboooboooooooooboo
ooboobooobobooboboobobooozevoOOoODO
ooooooooocoooooooOoOoOoOoOOMOSFETOO
ooboooooobooobboobobooooboobooobogoon

1. Microprocessor with Stall-Free Super Pipeline
M. Fujishima, K. Hoh, T. Irita, T. Ogura

Wearestudyinghigh-performanceyetarea-efficientmicropro-
cessoraimingatembeddedmassiveparallelsystem.Super-pipe-
line architecture is effective in order to improve the through-
put of the microprocessor without increasing hardware. The
conventionalsuperpipeline howeverhasthedisadvantagethat
pipelines stall and the throughputdeclines when adjacent op-
erationshavedependency. Toovercomethisproblemwehave
fabricated the microprocessorwhich enables the stall-free ex-
ecution even when operations have dependency by means of
conservingcarry signals, the propagation of which is the criti-
cal path of ALU.

As a result, about 10% improvement in respect of calculation
speed has been achieved compared with the conventional mi-

croprocessor.

2. Hard Architecture for Ultimate Integration System
K. Hoh, M. Fujishima, X.Y. Han, C.H. Du, T. Osogami

The issue of system reliability becomes important as integra-
tion density of VLSI is increasing. We have studied the origin
of degradation of 0.1-um-sized contact, future utilization of
which is expected, by means of investigation of the change of
contactresistancewhenhigh-densitycurrentflows. Wehave
also fabricated a laser clocking system where the clock is dis-
tributed to an entire chip by exposure of modulated laser in
order to reduce the conventional heating related to electrical
clockdistributionwhichdeclinesthedensitylimitof\VVLSI. This
year,wewillcontinuouslypursuethe hardwarearchitecture
withultimateintegrationsystemsusingthelaserclockingand
focusingonlocalheatproblemsatindividualdeviceswhichalso

determinetheintegrationlimit.

3. SOI-MOSFET with Schottky-Junction Source and Drain
K. Hoh, M. Fujishima and T. Fukuoka, CK. Lee

WestudytheSchottky MOSFE T whichissuitableforchannel
reduction due to abrupt junctions compared with a conven-
tional MOSFET wvith pn junctions. Last year, we derived the
barrier-heightdependenceofitsdraincurrentusingtheequiva-
lent circuit model and showed thatthe turn-oncurrent would

be comparable to the conventional MOSFET wvith fully sup-
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pressedparasiticresistancewhenthebarrierheightwaslessthan
0.2 eV. We also fabricated the Schottky MOSFETSs with 05

m-to-20-um gate and titaniumssilicide source and drain whose
barrier height is about a half of the band gap of silicon and con-
firmed that they operated as both p- and n-type MOSFETSs by
selecting the gate materials. Now we are planning to reduce the
barrierheightbyexaminingsilicidematerialsandstudyvarious

problemscausedbychannelreduction.

4. Chaos in Semiconductor Devices and Integrated Chaos
Generator

K.Hoh, M.Fujishima, S.Kitazawa, T.Irita, T.Tsujita, Y.Aihara
andJ.Irisawa

We have developed three types ofchaos-generator circuits with
simplecompositionas the following.

(1) Bipolar-transistor-capacitor pair

Thedetailed mechanism of chaos generation has been clarified.
Usingthiselementwehavedesignedandfabricatedawhite-noise
generatingcircuitwhichissuitablefortheBoltzmannmachine.
(2) Map-function module

We have newly developed a module circuit which realize the
chaos-generating mapfunction directly from the nonlinear IV
curve of a CMOS inverter. The change in the states of these mod-
uleswasmeasuredbyconnectingtwosuchmodules.

(3) CMOS chaos multivibrator

Chaos generators stated above are both externally driven. In (1)
thedrivingfrequencyisasignificantparameterwhichdetermines
the state of the circuit, while in (2), the module can be operated
independentlyoftheexternalclockfrequency. Besidesthese,we
have developed a self-oscillating circuit based on the CMOS
multivibrator. We have fabricated it in a CMOS full custom chip
and are going to evaluate its operation. Through these experi-
ments, we are going to construct novel information-processing

systemswhichutilizechaosandsimilarnonlineardynamics.

5. Micro Human Sensor System
M. Fujishima, K. Hoh, A. Nomura, Y. Aihara and D. Yashiki

Weaimatrealizationofthehumansensorsystemwhichmoni-
torshumandailyactivitieswithoutbeingnoticedandmanages
body health by studying a micro sensor system as one of so-
phisticated integrated circuits. The micro human sensor has
thepotentialthatappendsthenewutility valuetotheconven-
tionalintegratedcircuitsbecauseitwillrealizethemicrominia-
turizedmonitoringsystemof unconsciousbody information.
To realize our policy, last year, we fabricated the micro long-
timeheart-rateloggerwherealow-voltageanalogamplifier,a

data compression circuit and a memory are built in. This year,
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weareplanningtofabricatethemoresophisticatedsensorwhich
obtainsmultilateralinformationsuchastemperature humidity,

etcandstoresrequiredinformationselectively

6. Applied Single Electronics
M.Fujishima, K.Hoh, H.Fukui, S. Amakawa, K.Kanda,
ANakai

Wehavebeeninvestigatingapplicationsofsingle-electrontun-
nelingphenomena. Westudiedoperationalconditionforasili-
con single-electron memory using a simple ohmic-resistor
model for the sense transistor. With respect to general-pur-
pose simulators, we added a newv algorithm for steady state
analysis to our single-electron circuit simulator ESS. In addi-
tion, we also developed a SPICE-based high-speed simulator
named SET-SPICE. We devised a device model of a single-
electron transistor and integrated it into SPICE. As a result,
simulation gained dramatic speed. SET-SPICE is also useful
for studying SET-CMOS integrated circuits. Preliminary ex-

periments on fabrication of single-electron transistors and

memoriesareundenway.
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1. Characterization of MOS Devices and Interconnec-
tions
K. Asada, H. Ito, M. Aoyagi, T. Mido, and T. Mitamura

We have been studying characterization of MOS devices and
interconnects for deep submicron VLSI from the theoretical
and experimental view. As a future device, we have been ex-
tractinggeometricalparametersofSOIMOSdevicesusingsub-
thresholdcharacterizationandnumericalsimulation.

And we designed a micro resonator using a MEMS specific
CAD system and created SPICE models. We evaluated the
SPICEmodelsbycomparingwithmeasurementresultsoffab-
ricatedmicroresonators.

For characterizing metal interconnects in VVLSI, we proposed
ateststructureforextractingcapacitance

matrix in multi-layer interconnects. We have estimated of in-
ductiveeffectsinhighfrequencyoperation. Wehavebeenesti-
matingthereliabilityofaluminuminterconnectsbyanalyzing
the mechanism of stress-induced migration. We established
fundamentaltheoryforstress-inducedmigrationandnowwe
are discussing thevalidity of the theory by comparing experi-

mentalresults.

2. Studies on Logic Synthesis and Circuit Technique
K. Asada, S. Suzuki, J. Qiao, T. Yamashita, K. Seto, and E.N.
Song

In Deep Sub Micron LSI, wiring is becoming more and more
important We investigated the influence of wiring and using
wire length distribution, we find cost function and logic syn-
thesisalgorithmconsideringwiringeffects.

We are trying to find a graph-based (e.g. ROBDDs) approach
whichismoreeffecientinspaceaswellasintime,andsupposed
to work on a n-input m-output combinational network. We
try to get better solutionsabout the problems suchas the repre-
sentationformuilti-levelnetwork optimization,variableorder-
ing, multiple-output netwwork decomposition etc. Our objec-
tives is to develop a architecture-specific procedure for Look-
Up Table based FPGAs.

Wehave studiedanewv pass transistorlogicwithsenseamplifi-
ersinthe middleofthe transistorchaintorecoversignal swing,
sothatasense amplifire candetect asmall signalvoltagefaster.
Since this circuit requiers multi-phase clocking, we have also
studiedon the optimum timing ofthe clocks and clock genera-

tioncircuits.
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3. Studies on Image Sensor
K. Asada, J. Akita, R. Watabe, T. Nezuka, and M.Zang

We have proposed an image signal scan method treating the
image signals with a tree structure to skip the reductant step
for the blocks of 0. We have shown that this method has an
about1/10compressionabilityincaseoftheimagecontaining
much pixels of O, such as the inter-frame difference of moving
pictures. An effective design of the circuit for the scanning
method is realized by putting the address decoder and the au-
tomata for scanning control outside sensor array. We have
designedabinaryimagesensor,abinaryinter-framedifference
image sensor and a gray scale image sensor with on-chip A-D
conversion.

In the study on the pixel circuit for image sensor, we proposed
a photo-electronic conversion circuit withtheadaptive sensi-
tivity controled by the photo current of neighborhood pixels.
Wehaveshownthatthiscircuitcanconverttheimagesclearly
for wide intention range, against the conventional linear and

logarithmicconversion.

4. Studies on High-Speed Processors
K. Asada, M. Ikeda, RT. Zheng, and S. Komatsu

We have proposed an adaptive code-book encoding method for
reducingpowverdissipationinchipinterface. Wehaveresearched
ontransitionreductionofbusactivitybysimulation. Anencoder
/decoderchiphasdesignedforevaluatingpowerdissipationand
delaytime.
Toevaluatepowerreductionsandthrough-putsinbusesinclud-
ing chip interface, accurate data floww models are indispensable.
Wehaveanalyzedabusdatastreaminmicroprossorsstatistically
and classified data flows into several states according to the sta-
tistical characteristics. From this analysis, we have generated
pseudo bus data stream models for evaluating bus data coding
schemes.
Wehaveimplementedapseudo-asynchronousmicroprocessorin
whichapipelinecompletiondetectionadderisutilized. Theadder
is composed of 2 stages that completion of adding operation can
be predicted. As a result, the microprocessor runs at a higher

throughputlevelthanpreviousones.
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1. Design and Modeling of Sub-0.1 p m MOSFETs
T. Hiramoto, M. Takamiya, and Y. Yasuda

When the size of VLSI devices become less than 0.um, the
supply voltage will be less than 1 V, and both high speed and
low powver will be strongly required. Howvever, it will become
more difficult to attain both of them because of short channel
effects, parasitic resistances, and so on. In this study, design
methodology and physics of very scaled MOSFETS are ad-
dressed for the future sub-0.1um devices. In particular, the
design,optimization,andmodelingofsuperlowpowerdevices
operating at 05 V are being studied. The scaling scenario of
fully depleted SOl MOSFETS to the deep sub-0.1um regime
has been also studiedby analytical way and two-dimensional

devicesimulation.

2. Statistical Fluctuations of Impurity Number and De-
vice Scaling
T. Hiramoto, M. Takamiya, and Y. Yasuda

Asthedevice sizeisreduced,thenumberoftheimpurityatoms
indepletionlayerdecreasesandthus;thefluctuationsofthresh-
old voltage increase due to the impurity fluctuations. In this
study, we showed that the threshold voltage fluctuations in
scaled MOSFETS are suppressed by the retrograded channel
doping and proposed a new scaling method of MOSFETS in

whichthethresholdvoltagefluctuationsarekeptconstant.

3. Fabrication of 0.1 p m SOl MOSFET and Character-
ization
T. Hiramoto, T. Saraya, T. N. Duyet, T. Mukaiyama, and T.
Inukai

The 0.1uym SOl MOSFETSs have been fabricated using the
universityequipmentandtheiroperationshavebeenconfirmed.
Thenewmeasurementtechniqueisproposedtomeasuresub-
bandgapimpact ionizationbelowdrainvoltageof1V,whichis
very important for very low power MOSFETSs. We have also
developedanewcharacterizationtechniquetomeasurethein-
terfacestatesinSOIMOSFET bythecharge pumpingmethod,
in which the pulsed bias is applied to the body to suppress the
geometricdependentcompoments.Weproposedthenewtech-
nique to fabricate gate-all-around MOSFETS using anisotro-
picetching,inwhichthechanneldensityisdoubledtoincrease
the drive ability. The devices were fabricated and their opera-

tionwasdemonstrated.
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4. Silicon Single Electron Devices
T. Hiramoto, H. Ishikuro, K. Saito, and Y. Shi

Fabricationandphysicsofsiliconsingle electrondeviceshave
beenextensivelystudiedforthefutureVLSIdeviceapplications.
Althoughthesingleelectrondeviceswerestudiedinmetalsand
11I-V semiconductors, we adopt silicon as a material to con-
sider the compatibility with the VVLSI process. Our research
work is recognized as one of the pioneering works in this field.
A new fabrication process has been developed to fabricate sili-
connanostructuresmallerthanthelithographyresolution. The
size is determined by the SOI thickness by anisotropic etching.
MOSFETsfabricatedusingthistechniqueshowstheCoulomb
blockade oscillations at roomtemperature. We also fabricated
the single electron MOS memories with silicon nano-crystals
as floating gates. The memory effect is observed at room tem-
perature. The on/off ratio is more than million and the reten-
tion time is longer than several hours. It is clarified for the first
time that the interface states and defects in silicon nano-dots

maketheretentiontimelongerthanexpected.

5. Quantum Mechanical Effects in Single Electron De-
vices and Scaled MOSFETs

T. Hiramoto, H. Ishikuro, and H, Majima

The point contact MOSFET fabricated using above method
shows notonly the Coulomb blockade oscillationsbutalso the
negative differential conductance and fine structures. This is
duetothequantummechanicaleffectsinthedot,andthequan-
tumenergylevelsarederivedfromtheexperimentaldata. The
quantum effects in scaled MOSFET at room temperature are
also being studied.
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1. Liquid Phase Deposited Silicon-Dioxide Films
N. Haneji, T. Arakawa, P. Chantamary, K. Murakami, and
T Kasagawa

Liquid Phase Deposition(LPD) is a method to deposit silicon-
dioxide films onto Si Substrates at room temperature by shift-
ingthechemicalequibriumofsaturatedH2SiFsOassolution.For
shifting the balance, water is added to dilute or temperature is
raised to 400 . Because LPD is the low temperature process,
and the deposited films contain F (several %) and its dielectric
constant is low, LPD films are suitable for the inter-layer insu-
lators in VLSI. As the gate insulator films, the density of inter-
face states and carrier traps are large compared to the thermal
oxidized films, howeves, pre-deposition annealing and post-
depositionannealingat400L] inoxygenambientarenecessary

toimprovethecharacteristics.

2. Evaluation of Si/SiO: interface by AC conductance
method
N. Haneji, T. Arakawa, T. Ohnuki, and M. Nishio

In this study, the interface trap density and capture cross sec-
tion are evaluated using AC conductance method, the fre-
quency rang of which is from 100Hz to IMHz. In the X-ray
irradiated MOS diodes, two kinds of traps are separately mea-
sured,andtheyare consideredto bePbiandPbzcenters. These
centerswereusedtobemeasuredseparatelybyESRtechnique.
The similar results were obtained for the electrically stressed

samples.

3. Ferroelectric This Films (Plasma Assisted PLD)
N. Haneji, T. Arakawa, H. Araiand K. Watanabe

Thisprojectbeginsfromthisyear. Pulse laserdeposition(PLD)
iseffectivetoceramicmaterials, butdropletsandparticlesstick
onthesamplesurface,andoxygenefficiencyisstillnotenough
even in the oxygen ambient So, we developed the plasma as-
sisted PLD system using oxygen plasma. BaSrTiO thin films
were deposited on Nb-doped STO substrates by this system,
andtheyshowedthegoodsurfacemorphorogyandtheelectri-

cal properties.
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4. Anomalous Admittance of Ceramic Superconductive
Films
N. Haneji, T. Arakawa, A. Takeuchi, and S. Mohri

LaSrCuOhasthesimplestructureandthec-axisorientedfilms
can be grown on the STO substrates epitaxially. In this study,
the samples were prepared by sputtering or pulse laser
deposition(PLD). Thecapacitance of LaSrCuO films and STO
substrates was greater than that of STO substrates only. This
resultsisexplainedbyconsideringthefractionalquantumHall
effects.
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1. Low Power, High Accuracy A/D Converter
Koji Kotani, Tadahiro Ohmi

Wehavestudiedlowpower A/Dconverter. Averylow-power
A/Dconvertercircuitrywhichconsistsofacapacitive-dividing
reference-voltagegeneratoranddynamiclatchcomparatorshas
been developed. It operates in a purely dynamic mode, result-
ing in very low powver consumption. In addition, in order to
solvetheproblemoflargeoffsetvoltagefluctuationindynamic
latchcircuitries,we haveintroduceda chargetransferpream-
plifierinfrontofthedynamiclatch,resultingintherealization
ofahigh-accuracyandlow-powercomparator. Lowdifferen-
tial-non-linearity of less than + 4 mV has been verified by the
measurementsonfabricated A/Dconvertertestcircuitshow-
ing 8-bit resolution capability. Very low power operation at
4.3 UW per MS/s per comparator has also been achieved.

2. Data Flow Path Minimum Processor for Real-Time
Response Capability
Koji Kotani, Makoto Imai, Toshiyuki Nozawa, Masanori

Fujibayashi, TadahiroOhmi

Themostimportantissue,aswe headtowardthe 21st century,
is the development of a real-time responsive intelligent elec-
tronic system featuring human-like capabilities such as "flex-
ibleinterpretation","overalljudgment'and"intuitiveproblem
solving". For this purpose, a four terminal device technology
whichgreatlyenhancesthefunctionalityofthebasiccircuitel-
ement, the transistor has been developed. A new form ofhard-
ware, which we named "Flexware" because of the ability to al-
ter its logic function inreal-time through the application of ex-
ternalcontrolsignals,hasbeen developed based onfourtermi-
naldevicetechnologyemployingtheneuron-MOStransistor.
Anew"MSB-PriorityBit-FlowArchitecture‘whichenablesthe
performance of "overall judgment" in the digital computer
worldhasbeenrealizedinconjunctionwith"Data-Flow-Path
MinimumArchitecture"whichsolvesthebusbottleneckprob-
lem faced by present \Von Neumann computers. Convention-
ally, arithmetic operations are computed beginning from the
LSB while comparison operations are carried out from the
MSB. Using redundant number systems, it is possible to per-
form both operations using the "MSB-Priority Bit-Flow Ar-
chitecture". In this architecture, computation results are
obtained MSB-first and further computation is immediately
terminated once the judgment is delivered. Hence, no unnec-
essary computation of the lowver bits is ensured. This bears a
strong resemblance to "overall judgment”. It is our objective
todevelopanintelligentelectronicsystem throughtheexten-
sion of theseoriginal technologies.
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